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Abstract

Recent studies highlight the importance of early executive functioning (EF); notwithstanding, these studies remain limited
due to methodological difficulties. The A-not-B task has been adapted to assess EF; however, variations in its administra-
tion hinder result comparability and standardization. This scoping review mapped the procedures used in studies employ-
ing the A-not-B task to assess EF in children up to 24 months. Searches were conducted in PubMed, Scopus, and Web of
Science for empirical studies published in English. From 350 references, 53 articles were included. Most studies primarily
focused on assessing global EF, working memory, and inhibitory control; employed the standard two-locations task with
fixed delays, used two consecutive correct trials to switch locations, and measured accuracy as the main outcome. Testing
typically ended after the completion of trials/sequences. Few studies reported inclusion criteria. This review summarizes
A-not-B procedures to identify research gaps and support methodological consistency in early EF assessment.

Executive functioning (EF) refers to a set of higher-order
cognitive abilities that support flexible, goal-directed
behavior and underlie early learning, self-regulation, and
socio-emotional development (Diamond, 2013). Among its
core components, working memory, involves the capacity
to maintain and manipulate information over short periods;
cognitive flexibility enables shifting between rules or per-
spectives in response to changing environmental demands;
and inhibitory control, encompasses the ability to suppress
prepotent responses, in favour of more adaptive ones (e.g.,
Diamond, 2013; Miyake et al., 2000).

A compelling body of research demonstrates that individ-
ual differences in EF during early childhood are consistently
associated with a wide range of developmental outcomes,
including academic achievement (Zelazo & Carlson,
2020), social competence (Kochanska et al., 2000), emo-
tion regulation (Carlson & Wang, 2007), and overall health
and well-being (Moffitt et al., 2011). Conversely, early EF
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difficulties predict greater peer problems throughout child-
hood (Holmes et al., 2016), and are linked to conditions
such as attention-deficit hyperactivity disorder (ADHD)
and autism spectrum disorder (ASD) (Ozonoff et al., 1991;
Rommelse et al., 2011).

These associations highlight the need to examine EF
as early as possible in development. Evidence shows that
emerging EF difficulties can already be observed by 9
months of age in high-risk populations (e.g., Lipina et
al., 2005; Sun et al., 2009). Early detection is particularly
important because interventions introduced during periods
of heightened neural plasticity may alter developmental tra-
jectories more effectively (Wass, 2015). This is supported
by evidence from children exposed to psychological depri-
vation, who show developmental gains when placed early
in enriched caregiving environments such as foster or adop-
tive care (Colvert et al., 2008; Moulson et al., 2009). Since
EF develops gradually yet individual differences remain
relatively stable (Best & Miller, 2010; Miyake & Fried-
man, 2012), assessing EF from infancy represents a crucial
step for identifying developmental difficulties before they
consolidate. Reliable assessments in infancy are therefore
essential, both for improving early clinical identification
and for advancing scientific understanding of EF’s devel-
opmental course.
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Early development of executive functioning

The emergence of core EF components within the first years
of life strengthens the rationale for early assessment.

Inhibitory control abilities appear to emerge around the
age of 5 to 6 months (Cuevas et al., 2012a; Holmboe et al.,
2018; MacNeill et al., 2018), infants withhold gaze towards
distractors (Holmboe et al., 2018) and pause actions in
response to caregivers’ instructions (Kochanska et al., 1998).
Until the end of the first year of life, infants exhibit steady
improvements in their inhibitory abilities (Diamond, 2013).

Similarly, regarding their working memory abilities, infants
display rudimentary abilities as young as five, six months (e.g.,
Cuevas & Bell, 2011; Cuevas et al., 2012a), showing a steady
increase in their abilities from 7.5 to 12 months of age (Dia-
mond, 2013). Twelve-month-olds tolerate delays of up to 10 s
(Diamond, 1985, 1990), and by 18 months, children retrieve
objects from one of four possible locations after a delay and
with around 75% accuracy (Garon et al., 2014).

Higher-level cognitive abilities developed later; e.g.,
2-year-old children are able to regulate their behavior by
following and integrating simple rules (Best & Miller, 2010;
Cuevas et al., 2017).

Neuroscientific evidence supports this developmen-
tal trajectory. Myelination of frontal axons begins around
6—8 months of age (Deoni et al., 2011), and coincides with
emerging inhibition and working memory (e.g., Cuevas et
al., 2012a). Structural and functional changes in the dorsolat-
eral prefrontal cortex—such as dendritic growth between 7
and 12 months of age, and increased frontal EEG activity—
correspond with improvements in the A-not-B performance
(Bell & Fox, 1992, 1997). Further studies show that inhibi-
tory control in 9—10-month-olds is linked to frontal cortical
activity (Cuevas et al., 2012b; Holmboe et al., 2018), with
10-month-olds displaying prefrontal and parietal activation
during tasks tapping inhibition (Fiske et al., 2022). The first
year of life is therefore a period of pronounced neural reor-
ganization, including synaptic pruning, myelination (Hutten-
locher, 2002), and a rapid increase in brain volume—from
36% of adult size at 2—4 weeks to 72% by 12 months (Knick-
meyer et al., 2008). The onset of crawling at about 5 months
is associated with EEG coherence changes (Bell & Fox,
1996), and frontal myelination accelerates around 6 months
(O’Muircheartaigh et al., 2014), further underscoring the
rapid neural maturation that supports emerging EF skills.

The A-not-B task: a window into early executive
functioning

Despite the importance of early EF, studies in infancy

remain comparatively limited, partly due to challenges
in assessing preverbal children and capturing emerging
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cognitive abilities (e.g., Cuevas et al., 2012a, 2012b; Holm-
boe et al., 2008; Holmboe et al., 2018). Few tasks have
been designed for this developmental window (Hendry et
al., 2022), though recent efforts include the Freeze-Frame
task (Holmboe et al., 2008) and the Early Childhood Inhibi-
tory Touchscreen Task (Hendry et al., 2022), both target-
ing inhibitory control. Existing measures typically isolate
a single EF component; yet the multidimensional nature of
EF calls for measures that more holistically engage multiple
processes (Banich, 2009).

Among the tools developed for infants, the A-not-B task
has become one of the most widely used indicators of early
EF (Cuevas et al., 2017). Originally developed by Piaget
(1954) to study object permanence, the task involves repeat-
edly hiding a toy at location A (non-reversal trials) and then
switching to location B (reversal trials). Infants between 8
and 12 months often commit the so-called A-not-B error—
reaching back to location A despite seeing the toy hidden
at B. Successful performance requires maintaining and
updating the object’s location (working memory), as well as
inhibiting a previously reinforced motor response (inhibi-
tory control). Shifting from A to B may also draw on early
forms of cognitive flexibility, positioning the A-not-B task
as a multidimensional index of emerging EF skills during
a period when infants increasingly organize attention and
coordinate actions with caregivers (e.g., Gago Galvagno et
al., 2019).

Performance on the A-not-B task is shaped by sev-
eral developmental and procedural factors: older infants
typically show fewer perseverative errors; longer delays
between hiding and retrieval increase the likelihood of
errors; and increasing the number of hiding locations often
reduces perseveration (Lipina et al., 2005; Marcovitch &
Zelazo, 1999; Wellman et al., 1986). Task format also mat-
ters, and there is a reaching and a looking version of the
A-not-B. The looking and reaching versions of the A-not-
B task differ primarily in the observable behaviour that is
used to decide if there was perseveration. In the reaching
version, it is the movement of reaching towards one loca-
tion, while in the looking version, it is the fixation. Look-
ing versions rely on oculomotor control, whereas reaching
versions additionally recruit motor planning, though both
engage attention, working memory, and inhibitory control
skills (Bell & Adams, 1999). Findings comparing these for-
mats are mixed: some studies report better performance in
looking versions (Hofstadter & Reznick, 1996; Diamond,
1988), others find comparable outcomes (Matthews et al.,
1996), and still others highlight divergences across error
types (Bell & Adams, 1999). The results underscore the sen-
sitivity of the A-not-B task to methodological variation and
suggest that procedural features may modulate the cognitive
demands placed on infants.
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Theoretical accounts of the A-not-B error have also
evolved. Although Piaget attributed the A-not-B error to
a transitional understanding of object permanence, sub-
sequent accounts have emphasized attention (Horobin &
Acredolo, 1986), memory—attention interactions (Perner,
1991), or distinctions between long- and short-term mem-
ory encoding (Harris, 1989; Sophian & Wellman, 1983).
Dynamic systems models further emphasize that perfor-
mance reflects an interaction of cognitive, motor, and visuo-
spatial processes (Smith et al., 1999; Spencer et al., 2001).
Contemporary perspectives, however, explicitly link A-not-
B performance to EF (Diamond, 2013), with reversal errors
reflecting inhibitory control demands (Bell & Adams, 1999)
and non-perseverative errors reflecting attentional limita-
tions (Diamond & Goldman-Rakic, 1989). Neurodevelop-
mental evidence corroborates this view, linking A-not-B
performance to maturation of prefrontal systems critical for
EF (Diamond & Goldman-Rakic, 1989; Hodel, 2018).

Aim and structure of the scoping review

Despite its theoretical significance and widespread use, the
A-not-B task shows considerable variability in design and
methodology across studies. Even subtle procedural differ-
ences can markedly influence the cognitive and regulatory
demands placed on infants, influencing the probability of
observing the A-not-B error, thus shaping how results are
interpreted across studies. In light of this challenge, the present
scoping review aims to map the procedures used to administer
the A-not-B task in studies of children up to 24 months of age,
as well as related constructs—such as executive attention and
executive control—often examined alongside EF in infancy.
Executive attention is conceptualized as a top-down regula-
tory mechanism of attentional control (Posner & DiGirolamo,
1998) closely linked to EF, while executive control describes
the top-down coordination of cognitive and behavioural pro-
cesses in a goal-directed manner (Nigg, 2017). There is a
notable overlap with core EF components, since these abilities
are assessed using the same measures (e.g., the A-not-B task).

To achieve this aim, the review systematically identifies
and synthesizes the methodological approaches used across
studies, providing an overview of how the A-not-B task has
been implemented to assess early EF. By bringing together
these disparate procedures, the review highlights areas of
consistency and divergence that currently limit comparabil-
ity across studies. Given the rapid neurocognitive changes
that characterize the first two years of life, clarifying the
methodological foundations of the A-not-B task is par-
ticularly important. Ultimately, this synthesis may support
movement toward greater consensus in the administration
and interpretation of the A-not-B task as a measure of early
EF, thereby helping guide future studies in the field.

Method

The present scoping review followed the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping reviews) guidelines
(Tricco et al., 2018). This study was not preregistered.

Search strategy

We conducted a comprehensive search for all studies pub-
lished up to December 31, 2024, across the following data-
bases: PubMed, Scopus, and Web of Science. The keywords
“A-not-B AND (infant* OR child*)” were applied across
each database to identify relevant literature. The search was
limited to empirical studies published in English. Further
studies were identified by manually searching the reference
lists of pertinent articles.

Inclusion and exclusion criteria

The inclusion criteria considered the following: (a) empiri-
cal studies; (b) studies that assessed infants and children up
to 24 months of age; and (c) studies that administered the
A-not-B task to assess EF or related concepts, such as atten-
tion, executive attention, or executive control. The exclu-
sion criteria considered the following: (a) meta-analyses,
systematic and non-systematic reviews, randomized con-
trolled trials, and case studies; and (b) studies that assessed
other cognitive abilities other than EF or related concepts,
such as object permanence and cognitive development.

Study selection

The records that were retrieved through the systematic
search of the databases were exported to Rayyan, a soft-
ware designed to facilitate literature reviews (Rayyan Sys-
tems Inc., 2023). The removal of duplicate literature was
conducted using a standard function in Rayyan; afterwards,
titles and abstracts were reviewed. Two independent rat-
ers reviewed these to exclude articles that did not meet the
inclusion criteria for the scoping review. Disagreements
were resolved by consensus. Inter-rater reliability was
assessed using Cohen’s Kappa, indicating excellent agree-
ment (k=0.852, p <.001). Articles meeting the inclusion cri-
teria proceeded to the next stage—i.e., full-text screening.

Data charting and synthesis
A data-extraction form was developed, incorporating
variables deemed pertinent to the research questions

and study characteristics. The included variables were:
authors; year of publication; study population; abilities
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assessed; inclusion criteria; the A-not-B version used to
measure EF or related concepts; the format of the task
(looking and/or reaching); the number of locations; delay
between hiding and searching; criteria for switching
between locations; dependent measures; and the criteria

for the end of testing.

The results are presented below, organized according to
the following: (a) researchers’ assessment interests when
administering the A-not-B task; (b) the most common pro-
cedures administered; (c) specific administration proce-
dures; (d) researchers’ scoring methods of the children’s
performance; and (e) the participant inclusion criteria used

for the analysis.

Results

The initial search of electronic databases yielded 350
records (Fig. 1). After removing 194 duplicates, 60 records
were excluded based on title and abstract screening. On the
full-text screening, one article was not retrieved, and a fur-
ther number of 53 records were excluded by not meeting the
inclusion criteria. An additional 11 studies were included
through reference checking, resulting in a total of 53 eligible

papers, corresponding to 56 procedures, given that three
articles described two different A-not-B procedures each
(See Tables 1 and 2 for a synthesis of the included stud-
ies and details of the corresponding administration proce-
dures). The results presented below correspond to a total of
56 reported procedures reported in the final set of papers
selected.

Researchers’ assessment interests when
administering the A-not-B task

In the present review, we aimed to examine researchers’
usage of the A-not-B task as a tool for assessing EF and
related cognitive concepts. The majority of studies primar-
ily focused on assessing global EF (n=26; e.g., Blankenship
et al., 2019), followed by the core components of working
memory (n=19; e.g., Pushina et al., 2005), inhibitory con-
trol (n=13; e.g., Hendry et al., 2022), and cognitive flex-
ibility (n=3; e.g., Borioni et al., 2022). Additionally, a more
recent study (Nimmapirat et al., 2024) explored cool EF.
Among the studies that examined EF-related concepts, four
specifically investigated attention/distractibility (e.g., Sun et
al., 2009), while one focused on executive control (Wiebe
etal., 2010).

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

[ Identification of studies via databases and registers J { Identification of studies via other method }
Records removed before
g screening:
= Records identified from*: Duplicate records removed Records identified from:
o _ . g (n=194) Websites (n = 0)
[ Databases (n = 3) > R d xed as ineligibl o isat =0
= Registers (n = 350) ecords marked as ineligible rganisations (_n )_
S by automation tools (n = 0) Citation searching (n = 1628)
= Records removed for other
reasons (n =0)
__
— l Records excluded (n = 60):
Records screened Different study design (n = 27)
E— Different population - older children
(n=156) (n=12)
Different population - animals (n =
12)
Different outcome (n = 8)
Other language (n = 3)
Reports sought for retrieval | Reports not retrieved
g’ (n =30) I (n=0)
8 .
g Reports sought for retrieval - » (R:EI;?S not retrieved l
2] (n =96)
i Reports excluded (n = 19):
l f:]egc;rés) assessed for eligibility > Different task/Doesn’t specify
Reports excluded (n = 53): the name of used task (n =
Different outcome (n = 46) 12)
Reports assessed for eligibility R Mixed outcome (both object Different outcome (n = 5)
(n=95) permanence and executive Different publication type (n =
functions; n = 2) 1)
L Different task/Doesn’t specify Different population — older
the name of used task (n = 4) children (n = 1)
) Different population — older
2 Procedures included in review children (n = 3)
S (n = 56)
I Reports of included studies
= (n=53)

Fig. 1 PRISMA flow diagram of study selection procedure
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Most common procedures administered

i) General overview

Several variations of the A-not-B task have been com-
monly used in research to assess EF and related cognitive
processes. These variations differ in the specific proce-
dural modifications made to assess different aspects of the
child’s cognitive abilities. Below, the four most frequently
used administration procedures are described: the standard
A-not-B task, the procedures based on Clearfield and col-
leagues (2006), the A-not-B task with invisible displace-
ment, and the A-not-B task with multiple hiding locations.

A. Standard A-not-B task

The majority of the studies, particularly those focused on
the first year of life (n=21, e.g., Cuevas et al., 2012a), have
employed the standard A-not-B task (n=41; e.g., Abubakar
et al., 2013). In this procedure, the experimenter repeatedly
hides an object in location A - in full view of the infant —
while the infant observes the hiding event. Following sev-
eral successful retrievals from location A, the experimenter
switches the location and hides the object in location B. Once
more, the experimenter encourages the infant to search for
and retrieve the object. Some studies have made adaptations
to the procedure in terms of delay, in which authors included
an associated delay that either is fixed according to the chil-
dren’s age (e.g., Hogan et al., 2013) or varies according to
the infants’ performance (e.g., Holmboe et al., 2008); or in
terms of establishing a fixed order of hidings and patterns of
delay levels (e.g., Karonen et al., 2023).

B. Procedures based on Clearfield et al. (2006)

The second most used procedure referred to the proce-
dures based on Clearfield and colleagues (2006) (n="6;
e.g., Clearfield & Niman, 2012). Originally, researchers
introduced this modified version of the A-not-B, that has
a training procedure where there is gradual change in the
positioning of the locations (from close to the infant until
the hiding event is done on the A location), so that all infants
were coaxed in reaching towards the A locations and could
build a stronger motor memory, one of the explanatory fac-
tors of perseveration (Thelen et al., 2001).

The existing six studies that assessed EF using the proce-
dures of Clearfield et al. (2006) on the A-not-B task have been
more used in children up to 12 months (n=4; e.g., Johans-
son et al., 2014), followed by studies that assessed children
between the ages of 13 and 24 months (n=1; Borioni et al.,
2022) and both age groups (n=1; Johansson et al., 2015).

@ Springer

In this procedure, two lids are placed on a display box,
each corresponding to locations A and B, in front of the
infant. Initially, the object is hidden under location A for six
consecutive trials. On the first trial, location A is positioned
closer to the infant than location B, at the front edge of the
box. After a delay, the box is moved forward into the infant’s
reaching space, allowing the infant to reach for the hidden
object. This process is repeated across multiple trials, with
the position of location A gradually being moved further
back on the display box until, by trials A4 to A6, location
A is aligned with location B. In the critical switch trial, the
experimenter shifts the focus to location B by waving it to
attract the infant’s attention. After another moment of delay,
the box is moved forward again, and the infant is allowed
to reach for the object. In the original procedure, six A tri-
als (pre-switch) are followed by one B trial (post-switch).
However, some studies have made slight adjustments, such
as using six A trials and two B trials (e.g., Johansson et al.,
2014) or reducing to four A trials and one B trial (e.g., Wang
et al., 2021). Shinya and Ishibashi (2022) used a different
version of this procedure, resorting to four A trials and two
B trials, in a looking format of the task, where the progres-
sive movement of locations was not introduced.

C. A-not-B task with Invisible Displacement

Another commonly used procedure refers to the A-not-B
task with invisible displacement (ABID) (n=5; e.g., Wiebe
et al., 2010), which assessed children in the second year
of life (e.g., Cuevas & Bell, 2014). This procedure, origi-
nally designed by Diamond et al. (1997), is a protocol in
which the experimenter first places an object under a con-
tainer (Location A) in plain sight of the infant, allowing
them to see where the object is hidden. Then, a barrier is
placed between the hidden object and the infant to prevent
the infant from fully maintaining their gaze upon the toy;
afterward, the experimenter can either move it to the left or
right and change position to the second location.

D. A-not-B task with multiple hiding locations

The least used administration procedure was the A-not-B
with multiple hiding locations (ABMHL; n=4; e.g., Mul-
der et al., 2020). All studies conducting the ABMHL ver-
sion of the task were focused on children in the second year
of life (e.g., Gago Galvagno et al., 2019). This procedure
is another variation of the standard A-not-B task, which
expands the number of hiding locations beyond two. The
outer locations are selected as the A and B locations, where
the experimenter would hide the object, while the center
locations are considered neutral.
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(i1) Per domain of assessment

Global EF was mainly assessed resorting to the standard
version of the A-not-B task (n=18; e.g., Blankenship et al.,
2019), followed by the ABMHL (n=4; e.g., Gago Galvagno
et al., 2019) and the ABID procedure (n=3; e.g., Cuevas
& Bell, 2014). Of these, two studies resorted to both the
standard and the ABID version, according to the children’s
age (van de Weijer-Bergsma et al., 2010, 2016). Only one
study resorted to the procedures proposed by Clearfield et
al. (2006) (Johansson et al., 2015).

All but one of the studies assessing working memory have
resorted to the A-not-B standard version (n=18; e.g., Pushina
et al., 2005), with the remaining employing the ABID version
(Toth et al., 2008). Similarly, three examining attention have
administered the A-not-B standard version (e.g., Sun et al.,
2009), while the other study opted for the procedures based on
Clearfield et al. (2006) (Shinya & Ishibashi, 2022).

Inhibitory control was assessed using the standard ver-
sion of the A-not-B task (n=11; e.g., Hendry et al., 2022),
followed by the ABID (n=1; Toth et al., 2008) and proce-
dures by Clearfield et al. (2006) (n=1; Wang et al., 2021).
Similar to global EF, Toth et al. (2008) resorted to both the
standard and ABID versions of the A-not-B task to assess
working memory and inhibitory control.

The three studies tapping cognitive flexibility resorted to
Clearfield et al. (2006)’s procedures (e.g., Borioni et al., 2022).

Cool EF (r=1; Nimmapirat et al., 2024) was assessed
using the standard version. The only study aiming to capture
executive control employed the ABID version (Wiebe et al.,
2010).

A-not-B administration procedures

The administration of the A-not-B task, while generally con-
sistent in its underlying structure, can vary depending on the
specific goals of the study and the cognitive components
being assessed. Below, the standard procedures for admin-
istering the A-not-B task and its variations are described to
provide a clearer understanding of how researchers imple-
ment these tasks to assess EF and related cognitive processes.

A. A-not-B Task Format
(1) General overview

In terms of task format, reaching is the most chosen A-not-
B task format (n=41; e.g., Karonen et al., 2023) for all age
groups, followed by the looking version (n=11; e.g., Shinya &
Ishibashi, 2022) — which was mostly selected to assess infants
up to 12 months of age (e.g., Cuevas et al., 2012b) —and finally,
resorting to both formats (n=4; e.g., Frick et al., 2018).

(i1) Per domain of assessment

Across domains of assessment, global EF included 20 stud-
ies with the use of the reaching format (e.g., Abubakar et al.,
2013), three resorted to the looking format (e.g., Blanken-
ship et al., 2019), and another three employed both formats
(e.g., Frick et al., 2018). Similarly, the reaching format was
the most chosen for attention (n=3; e.g., Jia et al., 2021; vs.
looking: n=1; Shinya & Ishibashi, 2022), working memory
(n=13;e.g., Pyykko et al., 2020; vs. looking: n=6; e.g., Cue-
vas et al., 2012a), inhibitory control (n=11; e.g., Holmboe et
al., 2018; vs. looking: n=2; e.g., Bell & Wolfe, 2007), and
cognitive flexibility (n=2; e.g., Clearfield & Niman, 2012;
vs. both formats: n=1; Johansson et al., 2014). Executive
control was examined in one study using the reaching format
(n=1; Wiebe et al., 2010), while cool EF was assessed using
the looking format (n=1; Nimmapirat et al., 2024).

B. Number of hiding locations
(1) General overview

Considering the number of hiding locations, studies across
age groups have mostly resorted to the standard two-loca-
tion version of the A-not-B task (n=47), whereas a few
studies have introduced variability in the locations through-
out the testing, to increase task complexity (n=4), particu-
larly research focused on infants up to 12 months of age
(e.g., Jia et al., 2021). In these studies, the number of hid-
ing locations was not fixed but instead varied across trials;
for instance, a study varied between one and two locations
(n=1; Phillips et al., 2011), while others (n=3; e.g., Jia et
al., 2021) introduced one to three locations during testing.
Additionally, some studies have incorporated multiple but
fixed hiding locations (n=>5; e.g., Mulder et al., 2020), vary-
ing from three to five locations.

(i1) Per domain of assessment

The majority of the studies that assessed global EF (n=21;
e.g., Cuevas & Bell, 2014; vs. three locations: n=1; Noland
et al., 2003; four locations: n=1; Mulder et al., 2020; five
locations: n=3; e.g., Carlson et al., 2004), working memory
(n=15; e.g., Bell, 2012; vs. one to two locations: n=1; Phil-
lips et al., 2011; one to three locations: n=3; e.g., Jia et al.,
2022), inhibitory control (n=11; e.g., Wang et al., 2021; vs.
one to two locations: n=1; Phillips et al., 2011; one to three
locations: n=1; Jia et al., 2021) have used the A-not-B task
with two locations.

All of the studies considering cognitive flexibility (n=3),
executive control (n=1), and cool EF (n=1) have resorted
to the two-location version of the task.

@ Springer
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Finally, three studies have examined attention varying
the locations between one and three (e.g., Jia et al., 2021),
with another study using two locations (Shinya & Ishibashi,
2022).

III. Delay Between Hiding and Searching and Criteria for
Location Switching

(1) General overview

Overall, most studies employed a fixed delay (n=28; e.g.,
Mulder et al., 2020), with some specifying that the delay
was set based on the child’s age or particular goals (e.g.,
Hogan et al., 2013). However, some studies did not impose
any delay (n=7), while others used delays that varied
according to the infant’s performance on the task (n=21).

When considering the delays that varied based on the infant’s
performance, there was variability in the criteria used. In eleven
studies, the delay was adjusted by adding a few seconds after
the child completed a certain number of consecutive correct
trials or reducing the delay if the child made a number of errors
(e.g., Holmboe et al., 2008). Five studies (e.g., Karonen et al.,
2023) used a criterion based on task difficulty levels, adjust-
ing the delay according to the child’s performance. If the child
provided a certain number of correct responses, they were then
allowed to progress to a more difficult level of the task, with
an increased delay. Finally, five studies (e.g., Nimmapirat et
al., 2024) only introduced a delay when the child completed a
certain number of reversal trials correctly.

With respect to participant’s age, it is apparent that a
fixed delay was employed mostly in studies with children
in the second year of life (n=21; e.g., Miller & Marcovitch,
2015), while a delay that varied according to the children’s
performance was mostly used in infants up to 12 months of
age (n=15; e.g., Cuevas & Bell, 2011).

As for the criteria for switching between locations, the
majority of researchers used two consecutive correct trials
as reference (n=35); other studies employed similar criteria,
for instance, used three consecutive correct trials (n=2; e.g.,
Carlson et al., 2004) or chose either two or three consecutive
correct trials depending on the children’s age at testing (n=1;
Hendry et al.,, 2022). Another common approach involved
using a pattern or sequence of trials (z=10), for example, the
procedure outlined by Clearfield et al. (2006). Two studies
opted to switch after a certain number of correct responses in
location A (e.g., Zmyj et al., 2015). Finally, six studies did not
specify the requirements used for switching between locations.

(i1) Per domain of assessment

Concerning the delay parameter, the majority of the studies
on global EF (n=17; e.g., Espy et al., 1999a; vs. no delay:

@ Springer

n=1; Blankenship et al. 2019; varies according to the per-
formance: n=6; e.g., van de Weijer-Bergsma et al., 2010;
delay levels: n=2; e.g., Karonen et al., 2023) and working
memory (n=06; e.g., Tofail et al., 2018; vs. no delay: n=3;
e.g., Bacher et al., 2017; varies according to the perfor-
mance: n=3; e.g., Jia et al., 2022; delay levels: n=3; e.g.,
Sun et al., 2009; delay after criterion is achieved: n=4; e.g.,
Cuevas et al., 2012a) have used a fixed delay. Studies on
cognitive flexibility (n=3) and executive control (n=1) also
resorted to this type of delay.

Contrarily, no delay has been used in the majority of the
studies examining inhibitory control (n=4; e.g., Ishibashi
& Moriguchi, 2017; vs. fixed delay: n=3; e.g., Toth et
al., 2008; varies according to the performance: n=3; e.g.,
Holmboe et al., 2008; delay levels: n=2; e.g., St. John et al.,
2016; delay after criterion is achieved: n=1; Cuevas et al.,
2012b). The single study on cool EF has employed a delay
after a criterion is achieved (Nimmapirat et al., 2024).

For attention, two studies have employed a delay that
varied according to the children’s performance (e.g., Jia et
al., 2021), one using delay levels (Sun et al., 2009), and the
remaining (Shinya & Ishibashi, 2022) used a fixed delay.

Regarding the criteria for switching between locations,
two consecutive correct trials were selected for the major-
ity of studies concerning global EF (n=19; e.g., Espy et
al., 1999b; vs. established sequence: n=4; e.g., Nolvi et al.,
2018; three consecutive correct trials: n=2; e.g., Carlson et
al., 2004; until the child found the object in B three times:
n=1; Gago Galvagno et al., 2019), working memory (n=12;
e.g., Tsetlin et al., 2012; vs. not established: n=35; e.g.,
Colombo et al., 2014; established sequence: n=1; Pushina
et al., 2005; four successful retrievals from A: n=1; Zmyj
et al., 2015), and inhibitory control (n=7; e.g., Holmboe et
al., 2018; not established: n=4; e.g., Ishibashi & Moriguchi,
2017; established sequence: n=1; Wang et al., 2021; two or
three consecutive correct trials: n=1; Hendry et al., 2022).
The studies examining cool EF (n=1) and executive control
(n=1) have also used two consecutive correct trials.

For attention, this was not the case, as two studies did not
define a criterion (e.g., Jia et al., 2022), one established a
sequence (Shinya & Ishibashi, 2022), and another used two con-
secutive correct trials (Sun et al., 2009). Finally, for cognitive
flexibility, the three studies have used an established sequence.

D. Pre-Test Training and Test Conclusion Criteria

(i) General overview

As for the training phase, only ten out of 56 administration
procedures implemented a pre-test training procedure for

the children (e.g., Wiebe et al., 2010). For example, in a
study by Toth et al. (2008), the examiner hid the object in
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one of two locations while the child watched. If the children
could find the hidden object successfully, they would pro-
ceed to the test phase.

Several criteria were used to determine the conclusion of
testing: the completion of trials or sequences (n=22; e.g.,
Frick et al., 2018), reaching the maximum number of trials
or reversals (n=4; e.g., St. John et al., 2016), the occurrence
of a specific number of (consecutive) errors or errors dur-
ing reversal trials (n=18; e.g., Bacher et al., 2017), or the
completion of all trials or occurrence of incorrect responses
(n=1; Sun et al., 2009). Other criteria included success-
fully locating the object (n=4; e.g., Miller & Marcovitch,
2015), such as finding the object in location B once or twice.
Finally, seven studies did not specify criteria for determin-
ing the end of testing.

(i) Per domain of assessment

Most studies on global EF (n=20; e.g., Cuevas & Bell, 2014,
vs. existence of pre-test training: n=6; e.g., Miller & Marc-
ovitch, 2015), working memory (n=16; e.g., Cuevas & Bell,
2011; vs. existence of pre-test training: n=3; e.g., Pushina
et al., 2005), and inhibitory control (n=11; e.g., Wang et
al., 2021; vs. existence of pre-test training: n=2; Toth et al.,
2008) have not trained infants before the moment of testing.
Similarly, attention (n=4), cognitive flexibility (»=3), and
cool EF (n=1) have not included training in their protocol.
On the other hand, the single study on executive control
trained its sample of children (Wiebe et al., 2010).

End of testing would occur when, for global EF (n=11;
e.g., Abubakar et al., 2013; vs. a certain amount of incorrect
responses: n=9; e.g., Lipina et al., 2005; finding object in
reversal trials: n=3; e.g., Carlson et al., 2004; not estab-
lished: n=3; e.g., Hogan et al., 2013), inhibitory control
(n=35; e.g., Hendry et al., 2022; administration of reversal
and/or no. trials: n=3; e.g., St. John et al., 2016; a certain
amount of incorrect responses: n=2; e.g., Cuevas et al.,
2012b; not established: n=3; e.g., Colombo et al., 2014),
and cognitive flexibility (n=3), a fixed number of trials were
administered.

After a certain number of incorrect responses occurred,
testing would end for working memory (n=38; e.g., Bacher
et al.,, 2017; administration of reversal and/or no. trials:
n=3; Toth et al., 2008; end of trials: n=2; e.g., Pyykko et
al., 2020; finding object in reversal trials: n=1; Zmyj et al.,
2015; completion of trials or incorrect responses: n=1; Sun
et al., 2009; not established: n=4; e.g., Jia et al., 2021) and
cool EF (n=1).

For attention, two studies have not defined a criterion for
testing termination (e.g., Jia et al., 2022), one established
a number of trials (Shinya & Ishibashi, 2022), and another
used the completion of all determined trials or a certain

number of incorrect responses (Sun et al., 2009). Finally,
for executive control, Wiebe et al. (2010) have resorted to
the number of reversals that were administered.

Researchers’ scoring methods of the children’s
performance

Scoring infants’ performance on the A-not-B task has varied
across studies, with researchers employing different meth-
ods to attribute an EF score. The details of researchers’ scor-
ing methods will be presented per domain of assessment and
per category of assessment (please see Table 3 for a descrip-
tion of the scoring methods, available in the supplementary
materials). In the third subsection, results concerning the
role of age are presented.

A. Per domain of assessment

When focusing on global EF, the majority of researchers
have resorted to total correct (n=12; e.g., Cuevas & Bell,
2014), followed by a number of perseverative errors (n=11;
e.g., Abubakar et al., 2013), and to a scale (n=5; e.g.,
Noland et al., 2003). Cool EF was assessed only through the
number of perseverative errors (Nimmapirat et al., 2024).

For working memory, total correct continued to be the
scoring method with the most expression (n=12; e.g., Cue-
vas & Bell, 2011), followed by perseverative errors (n=5;
e.g., Bell, 2012) and non-perseverative errors (n=3; e.g.,
Cuevas et al., 2012a), and correct switch/finding object in B
(n=3; e.g., Pyykko et al., 2020).

When interested in inhibitory control, total correct was
the most used measure (n=5; e.g., Ishibashi & Moriguchi,
2017), followed by perseverative errors (n=4; e.g., Toth et
al., 2008), correct switch/finding object in B1 (n=3; e.g.,
Hendry et al., 2022), and maximum (observed) delay (n=3;
e.g., Holmboe et al., 2008). It is important to add that the
scoring method “maximum observed delay” differs from
“maximum delay” in the sense that the latter only consid-
ers the delay that was set to that given trial; with maximum
observed delay referring to the delay between the moment
the object is hidden and when the infants effectively search
for the object.

Three studies assessed cognitive flexibility, and used pro-
files of behaviour where infants were categorised into differ-
ent groups based on their performance or search responses
(n=2; e.g., Johansson et al., 2014), followed by total cor-
rect, perseverative errors, percentage of infants reaching A
on B1, and speed (Borioni et al., 2022; Clearfield & Niman,
2012). For instance, Johansson et al. (2014) categorised
children into four groups based on their looking and reach-
ing responses: (i) correct looking/reaching response, (ii)
incorrect looking/reaching response, (iii) no search, and (iv)
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searching at both locations. Similarly, Clearfield and Niman
(2012) grouped children into (1) reaching correctly, (2)
reaching randomly, or (3) perseveration.

Finally, for EF-related concepts, attention/distractibil-
ity was assessed mainly through the number of times the
infant continued to play with the cup (n=3; e.g., Jia et al.,
2022), i.e., when an infant reached for the hidden location of
the toy correctly but preferred to play with the lid for more
than 2 s; and executive control through the performance on
the first and second post-reversal trials, number of reversal
sets administered, and number of trials administered before
the criterion of two consecutive correct trials was obtained
(Wiebe, 2010).

B. Per categories of assessment

This subsection outlines the scoring methods used for
assessing EF and related concepts, categorized according
to different assessment approaches, such as (a) accuracy,
for studies that used correct/incorrect procedures; (b) delay,
when the performance in the task was scored from the delay
they could endure; (c) distractibility, for studies that were
interested in understanding whether the child became dis-
tracted during the task; (d) looking behavior, when mea-
sures as looking time were used; and (e) others, when the
procedures employed were diverse and could not find a fit
in the previous categories. The most common assessment
category focused on infants’ accuracy on the A-not-B task
(n=68). In this category, the most used measures concern
the total correct trials (n=26), perseverative errors (n=21),
non-perseverative errors (n=>5), and correct switches (n=4).
Noteworthy to mention is the fact that Holmboe et al. (2008)
have opted to use a cumulative measure to compare par-
ticipants with different trial completion, which refers to the
sum of observed delays for correct change trials divided by
total correct trials.

Additionally, in the delay category, researchers employed
measures such as maximum delay (n=3; e.g., Colombo et
al., 2014), maximum observed delay (n=1; Holmboe et al.,
2008), and maximum delay at which the infant performed
correctly twice (n=1; Tsetlin et al., 2012).

The distractibility category specifically concerns the
number of times the infant interacted with the lid for more
than 2 s (n=3; e.g., Jia et al., 2021). The looking behavior
category included measures such as the proportion of look-
ing time (n=2; e.g., Johansson et al., 2015) and the propor-
tion of correct anticipatory looks (n=1; Shinya & Ishibashi,
2022). Finally, another category was created to include the
following scoring methods. These included scale (n=S5;
e.g., van de Weijer-Bergsma et al., 2010), whether children
completed all the trials (n=3; e.g., Prado et al., 2016b), a
profile of behaviours (n=3; e.g., Hogan et al., 2013), the
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proportion of infants performing different types of per-
formance (n=1; Johansson et al., 2014), and speed (n=1;
Borioni et al., 2022). One notable scale for assessing global
EF was developed by Bell and colleagues (Bell & Adams,
1999; Bell & Fox, 1992) and later used in a study by Noland
et al. (2003). This scale ranged from 0 (performance never
merited a single reversal trial) to 7 (failed A-not-B criteria at
an 8-sec delay) and was coded depending on infants’ perfor-
mance at different delay levels. In addition, as an example
of a behavioural profile approach, Hogan et al. (2013) cate-
gorized infants into four groups - partial, complete, A-not-B
or AB — based on their ability to locate a hidden toy. Hogan
et al. (2013)’s four classifications depended on whether the
infant could retrieve the object when it was partially or fully
hidden and whether they could successfully find it in both
locations A and B.

C. The role of age on children’s performance

Across the 56 included administration procedures, 22 inves-
tigated the role of children’s age in task performance. A sig-
nificant effect of age was reported in 19 studies, whereas no
significant effect was found in three studies. The reports that
did not find an age effect measured children’s performance
using perseverative errors (n=2; e.g., Lipina et al., 2005),
profile — control group (n=1; Hogan et al., 2013), total cor-
rect (n=2; e.g., Ishibashi & Moriguchi, 2017), accuracy
in the first B trial (n=2; e.g., Miller & Marcovitch, 2015),
accuracy in the second B trial (n=1; Wiebe et al., 2010), and
number of trials necessary to reach criterion (n=1; Wiebe et
al., 2010), although some these methods were also in studies
reporting significant effects.

On the other hand, age emerged as being significantly
correlated with, and predictive of, total correct (n=6; e.g.,
Toth et al., 2008), performance measured by a scale (n=4;
e.g., van de Weijer-Bergsma et al., 2016), perseverative
errors (n=3; e.g., St. John et al., 2016), non-perseverative
errors (n=2; e.g., Lipina et al., 2005), maximum delay
(n=2; e.g., Pushina et al., 2005), number of consecutive
correct responses (n=2; e.g., Lipina et al., 2005), maximum
error run (n=1; Abubakar et al., 2013), perseverative runs
(n=1; Espy et al., 1999b), profile (n=1; Hogan et al., 2013),
looking time (n=1; Johansson et al., 2015), passing A trials
(n=1; Miller & Marcovitch, 2015), and number of rever-
sals administered (n=1; Wiebe et al., 2010). Clearfield and
Niman (2012) also found the effect of age, when interacting
with socioeconomic status, for perseveration. Finally, in one
study, the scores of different tasks tapping EF were com-
bined, with age emerging as being correlated with children’s
performance (Gago Galvagno et al., 2019).

When considering the domain of assessment, age was
a significant predictor of global EF (n=11; e.g., van de
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Weijer-Bergsma et al., 2016), working memory (n=6;
e.g., Pushina et al., 2005), inhibitory control (n=3; e.g.,
Colombo et al., 2014), cognitive flexibility (n=1; Clearfield
& Niman, 2012), and executive control (n=1; Wiebe et al.,
2010). Age was not found for two studies assessing inhibi-
tory control (e.g., Ishibashi & Moriguchi, 2017), one exam-
ining working memory (Toth et al., 2008), and for the single
study of cool EF (Nimmapirat et al., 2024).

Participation inclusion criteria

(1) General overview

Most studies did not provide information regarding participa-
tion inclusion criteria (n=34). Among the remaining studies,
the inclusion criteria varied considerably. Completion of all
trials was the most frequent (n=7; e.g., Espy et al., 1999a),
with other studies having used similar criteria, which referred
to including participants in the analysis that completed at
least one trial (n=1; Frick et al., 2018), have codable behav-
ior on the first three trials (n=1; Nolvi et al., 2018), more than
a half of the trials (n=1; Carlson et al., 2004), or a minimum
of 10 trials (n=2). The studies that included participants with
a minimum of 10 trials also required the administration of
change trials (n=1; Holmboe et al., 2018), and one correct
reach for each location (n=1; Hendry et al., 2022). Out of
the ten studies with a pre-test phase, two clearly stated that
passing the “warm-up” phase was necessary to be included in
the study (e.g., Noland et al., 2003), and another two could be
presumed since the A-not-B testing only began after the child
could retrieve the object in the training phase (e.g., van de
Weijer-Bergsma, 2010). The existence of correct and incor-
rect trials was also required in one study, combined with a
minimum of three minutes of assessment (n=1; Bacher et al.,
2017). Similarly, the study of Johansson et al. (2015) used
the baseline criteria of infants performing two times cor-
rectly in location A and one in location B, and having lon-
ger looking times to the correct location. Researchers also
expressed concern about infants exhibiting a strong side bias
(n=1; Johansson et al., 2014), which was evident in infants
who consistently reached for and looked toward the incorrect
hiding location during all A trials and continued searching
on the same side during the B trials; and being inattentive
(n=1; Shinya & Ishibashi, 2022) with the looking time being
above or below 3 standard deviations. Miller and Marcovitch
(2015) only considered children for the B-trial performance
measures if they were able to pass the A-trial phase. Finally,
a score of 0 was attributed to infants who did not reach the
required criteria, so they could be included in the analysis
(n=1; Wiebe et al., 2010).

(i1) Per domain of assessment

As mentioned, the majority of the studies have not established
a criterion for the inclusion of participants in the analysis. This
is the case of global EF (n=13; e.g., Prado et al., 2016b; vs.
completion of all trials: n=5; e.g., Espy et al., 1999b; comple-
tion of a certain no. of trials: n=4; e.g., Frick et al., 2018; pass
the warm-up phase: n=3; Noland et al., 2003; passing A-trial
phase to be included in the B-trial performance measures:
n=1; Miller & Marcovitch, 2015), working memory (n=16;
e.g., Bell, 2012; vs. completion of all trials: n=1; Tofail et al.,
2018; existence of correct and incorrect trials and trials lasting
longer than 3 min: n=1; Bacher et al., 2017; pass the warm-up
phase: n=1; Toth et al., 2008), inhibitory control (n=9; e.g.,
Bell & Wolfe, 2007; vs. completion of a certain number of tri-
als: n=2; e.g., Holmboe et al., 2018; completion of all trials:
n=1; Ishibashi & Moriguchi, 2017; pass the warm-up phase:
n=1; Toth et al., 2008), cognitive flexibility (n=2; vs. infants
not showing a strong side bias: n=1; Johansson et al., 2014),
and attention (n=3; e.g., Sun et al., 2009; vs. inattentiveness:
n=1; Shinya & Ishibashi, 2022). For cool EF, no criterion
was defined (n=1). Finally, when assessing executive control,
Wiebe et al. (2010) established that children who did not meet
a certain criterion were assigned a score of 0 on the post-rever-
sal measures to permit their inclusion in the analyses.

Discussion

The A-not-B task, originally developed to assess object per-
manence in children (Piaget, 1954), has more recently been
adapted to provide valuable insights into early EF devel-
opment, which has critical implications for children’s later
development (e.g., Holmes et al., 2016; Zelazo & Carlson,
2020). However, the use of various administrational proce-
dures of the A-not-B task to assess EF in children up to 24
months of age presents several challenges in terms of result
interpretation. Variability in task design and procedural dif-
ferences across studies can significantly influence outcomes,
making it difficult to draw consistent conclusions.

To address these issues, in this review, we examined
the administration procedures of the A-not-B task as a
measure of EF and related cognitive concepts in this age
group. Fifty-three reports, which were published from 1999
to 2024, were identified as being eligible. Notably, all but
two were published between 2003 and 2024, which clearly
shows that resorting to the A-not-B task to assess EF in the
first two years of life is a recent phenomenon, with this task
still proving to be a fit and valuable resource despite its
original purpose.
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Our findings highlight considerable methodological
diversity across studies. Variations were observed in task
format (reaching vs. looking), number and configuration of
hiding locations, delay intervals, criteria for switching loca-
tions, pre-test training, test termination rules, and scoring
methods—including total correct responses, perseverative
errors, behavioural profiles, and attention or distractibility
measures. Participation inclusion criteria were also incon-
sistent. Such heterogeneity can significantly affect the cog-
nitive and regulatory demands placed on infants, potentially
impacting performance and the interpretation of EF abilities.
These findings underscore the need for greater standardiza-
tion and transparency in A-not-B administration and scoring
to improve comparability across studies and strengthen the
utility of the task for research on early EF.

Amidst procedural heterogeneity, some commonalities
emerged. Most studies assessed global EF or its core com-
ponents, primarily working memory and inhibitory control,
consistent with the developmental trajectory of EF, as cogni-
tive flexibility develops more prominently during preschool
years and builds on working memory and inhibitory con-
trol (Garon et al., 2008; Cuevas & Bell, 2014). EF-related
constructs such as executive control and executive attention
were less frequently examined. Notably, cool EF was mea-
sured at 12- and 18-month time points (Nimmapirat et al.,
2024), indicating that this emerging ability can be assessed
in infancy and highlighting the potential for further investi-
gation into the early differentiation of EF components.

Regarding specific administration procedures, overall,
most researchers resorted to the reaching format of the task
(e.g., Clearfield & Niman, 2012) and used the standard two
locations (e.g., Zmyj et al., 2015). Most of the procedures
did not include a training phase before testing (e.g., Bell,
2012) and used a fixed delay (e.g., Tofail et al., 2018) or var-
ied according to children’s performance (e.g., Tsetlin et al.,
2012). The criteria for switching between locations were
mostly two consecutive correct responses or the existence of
a pattern/sequence of trials (e.g., St. John et al., 2016; Wang
et al., 2021); and the ending of testing was determined by an
established number of trials or sequences (e.g., Johansson et
al., 2014), or if the children committed a certain number of
errors (e.g., van de Weijer-Bergsma et al., 2010). Specifically,
some researchers terminated the testing when infants made
consecutive errors on reversal trials (e.g., Bacher et al., 2017).

To address researchers’ scoring methods, measures were
presented by domain and category of assessment. Across
domains, total correct responses and perseverative errors
were commonly used for global EF, working memory,
inhibitory control, and cognitive flexibility. Working mem-
ory was also measured via non-perseverative errors, while
inhibitory control primarily relied on total correct and per-
severative errors, consistent with Bell and Adams (1999),
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who suggest that working memory demands remain similar
across non-reversal and reversal trials, whereas inhibitory
demands increase during reversal trials. Attention/distract-
ibility was assessed by the number of times infants con-
tinued to play with the cup, and executive control through
performance on post-reversal trials, the number of reversal
sets, and trials required to reach two consecutive correct
responses.

To score children’s performance, researchers have pri-
marily relied on accuracy measures, such as accuracy on
reversal and non-reversal trials, and total correct trials (e.g.,
Cuevas et al., 2012a; Lipina et al., 2005). The delay was
also considered with some researchers coding the maximum
delay at which the infant performed correctly (e.g., Colombo
etal., 2014; Holmboe et al., 2018). Most researchers did not
report any data on the criteria for including participants in
the analysis. Seven studies required participants to complete
all trials (e.g., Ishibashi & Moriguchi, 2017; Pyykko et al.,
2020); the remaining presented a wide range of criteria. As
mentioned, this lack of standardization in participant inclu-
sion criteria can introduce variability across studies, mak-
ing it difficult to draw consistent conclusions. To ensure that
research findings can be comparable, future studies should
clearly state the inclusion criteria used.

The role of age could also impact the administration pro-
cedures. A great part of the analyzed studies was carried out
with infants up to 12 months (to be expect since the A-not-B
error was associated with a small developmental window
in the first year). This was followed by research with chil-
dren between 13 and 24 months of age (some of the stud-
ies included older children, but task administration did not
vary), and finally, studies that included both age groups. It
is noteworthy to mention that the youngest child to be tested
with the A-not-B task to assess EF or similar concepts was
5 months old (e.g., Wang et al., 2021).

The looking task format was more commonly used with
infants up to 12 months than when compared to older chil-
dren. This resulted from studies that tested if removing the
reaching component (less mature in the first year) would
result in less perseveration (Berger, 2004).

Another result worth mentioning refers to the use of
multiple locations with older infants. Meta-analyses have
shown that the number of locations is a negative predictor of
perseverative searching (Marcovitch & Zelazo, 1999; Well-
man et al., 1986). This could be explained by the fact that
multiple locations, competing for attention, interact with the
memory of all the previous reaches to the A location (Smith
etal., 1999).

Finally, concerning the delay parameter, although when
considering the total sample of studies, the type of delay
most frequently selected was the fixed delay, the delay that
varied according to the infant’s performance was chosen by
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the majority of researchers who studied infants in the first
year of life (e.g., Colombo et al., 2014). Perhaps this option
allowed the task to be more flexible, adaptable, and cap-
ture slighter changes in results in a population of smaller
children.

Although there was considerable variability in the admin-
istration procedures of the A-not-B task, 17 of the 19 studies
that tested the role of age reported a significant effect of age.
This consistency of the effect of age across heterogeneous
methodologies supports the developmental sensitivity of the
A-not-B task, indicating that age-related changes are still
detectable even when the administration and scoring proce-
dures vary significantly.

Limitations and directions for future research

Limitations of this work should be considered. Information
on some of these studies could not be extracted (e.g., char-
acteristics of the population) since they were not reported
in detail, constraining a more thorough analysis. Addition-
ally, studies that did not clearly state that they were employ-
ing the A-not-B task were not included in this review, even
though they shared similar procedures, which could impair
some of the drawn conclusions. Finally, the review includes
a small sample of studies, so results should be interpreted
cautiously.

Despite these limitations, this review provides an over-
view of how the A-not-B task has been used to assess EF
in children up to 24 months. The observed methodological
variability highlights the need for future research to system-
atically examine how procedural differences—such as task
format, hiding locations, delays, switching criteria, and pre-
test training—affect performance. Empirical studies identi-
fying the most valid and reliable procedures, combined with
collaborative efforts to develop consensus guidelines, could
support standardized administration, improve comparability
across studies, and strengthen assessment of early EF, ulti-
mately informing developmental research and interventions.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00426-0
26-02330-5.

Acknowledgements We have no conflicts of interest to disclose and
https://doi.org/10.54499/U1/BD/152571/2022 awarded to CR. Corresp
ondence concerning this article should be addressed to Claudia Ramos,
Department of Psychology, Iscte-University Institute of Lisbon, Lis-
bon, Portugal. Email: claudia_ramos@iscte-iul.pt.

Author contributions Claudia Ramos: Conceptualization, Writing -
Original Draft. Alfredo F. Pereira: Conceptualization, Writing - Re-
view & Editing, Project administration. Joana Baptista: Conceptual-
ization, Writing - Review & Editing, Project administration.

Funding Open access funding provided by FCT|FCCN (b-on). This

work was supported by the Portuguese Foundation for Science and
Technology under grant UI/BD/152571/2022.

Data availability No datasets were generated or analysed during the
current study.

Declarations
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

* Abubakar, A., Holding, P., Van Baar, A., Newton, C. R., Van de
Vijver, F. J., & Espy, K. A. (2013). The performance of children
prenatally exposed to HIV on the A-not-B task in Kilifi, Kenya:
A preliminary study. International Journal of Environmental
Research and Public Health, 10(9), 4132—4142. https://doi.org/
10.3390/ijerph10094132

* Bacher, L. F.,, Retz, S., Lindon, C., & Bell, M. A. (2017). Intraindi-
vidual and interindividual differences in spontaneous eye blink-
ing: Relationships to working memory performance and frontal
EEG asymmetry. Infancy, 22(2), 150-170. https://doi.org/10.111
1/infa.12164

Banich, M. T. (2009). Executive function: The search for an integrated
account. Current Directions in Psychological Science, 18(2),
89-94. https://doi.org/10.1111/1.1467-8721.2009.01615.x

* Bell, M. A. (2012). A psychobiological perspective on working mem-
ory performance at 8 months of age. Child Development, 83(1),
251-265. https://doi.org/10.1111/j.1467-8624.2011.01684.x

Bell, M. A., & Adams, S. E. (1999). Comparable performance on look-
ing and reaching versions of the A-not-B task at 8 months of age.
Infant Behavior and Development, 22(2), 221-235. https://doi.or
2/10.1016/S0163-6383(99)00010-7

Bell, M. A., & Fox, N. A. (1992). The relations between frontal brain
electrical activity and cognitive development during infancy.
Child Development, 63(5), 1142-1163. https://doi.org/10.1111/j
.1467-8624.1992.tb01685.x

Bell, M. A., & Fox, N. A. (1996). Crawling experience is related to
changes in cortical organization during infancy: Evidence from
EEG coherence. Developmental Psychobiology, 29(7), 551-561.
https://doi.org/10.1002/(SICI)1098-2302(199611)29:7,551::Al
D-DEV1.3.0.CO;2-T

Bell, M. A., & Fox, N. A. (1997). Individual differences in object
permanence performance at 8 months: Locomotor experience
and brain electrical activity. Developmental Psychobiology: The
Journal of the International Society for Developmental Psychobi-
ology, 31(4), 287-297. https://doi.org/10.1002/(SICI)1098-2302)
31:4%3C287::AID-DEV6%3E3.0.CO;2-N.

@ Springer


https://doi.org/10.1007/s00426-026-02330-5
https://doi.org/10.1007/s00426-026-02330-5
https://doi.org/10.54499/UI/BD/152571/2022
mailto:claudia_ramos@iscte-iul.pt
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph10094132
https://doi.org/10.3390/ijerph10094132
https://doi.org/10.1111/infa.12164
https://doi.org/10.1111/infa.12164
https://doi.org/10.1111/j.1467-8721.2009.01615.x
https://doi.org/10.1111/j.1467-8624.2011.01684.x
https://doi.org/10.1016/S0163-6383(99)00010-7
https://doi.org/10.1016/S0163-6383(99)00010-7
https://doi.org/10.1111/j.1467-8624.1992.tb01685.x
https://doi.org/10.1111/j.1467-8624.1992.tb01685.x
https://doi.org/10.1002/(SICI)1098-2302(199611)29:7,551::AID-DEV1.3.0.CO;2-T
https://doi.org/10.1002/(SICI)1098-2302(199611)29:7,551::AID-DEV1.3.0.CO;2-T
https://doi.org/10.1002/(SICI)1098-2302(199611)29:7,551::AID-DEV1.3.0.CO;2-T
https://doi.org/10.1002/(SICI)1098-2302

138 Page 20 of 23

Psychological Research (2026) 90:138

Bell, M. A., & Wolfe, C. D. (2007). Changes in brain functioning
from infancy to early childhood: Evidence from EEG power
and coherence during working memory tasks. Developmen-
tal Neuropsychology, 31(1), 21-38. https://doi.org/10.1080/87
565640709336885

Berger, S. E. (2004). Demands on finite cognitive capacity cause
infants’ perseverative errors. Infancy, 5(2), 217-238. https://doi
.org/10.1207/315327078in0502_7

Best, J. R., & Miller, P. H. (2010). A developmental perspective on
executive function. Child Development, 81(6), 1641-1660.
https://doi.org/10.1111/1.1467-8624.2010.01499.x

* Blankenship, T. L., Slough, M. A., Calkins, S. D., Deater-Deckard,
K., Kim-Spoon, J., & Bell, M. A. (2019). Attention and execu-
tive functioning in infancy: Links to childhood executive function
and reading achievement. Developmental Science, 22(6), Article
€12824. https://doi.org/10.1111/desc.12824

* Borioni, F., Biino, V., Tinagli, V., & Pesce, C. (2022). Effects of baby
swimming on motor and cognitive development: A pilot trial.
Perceptual and Motor Skills, 129(4), 977-1000. https://doi.org/
10.1177/00315125221090203

* Carlson, S. M., Mandell, D. J., & Williams, L. (2004). Executive
function and theory of mind: Stability and prediction from ages 2
to 3. Developmental Psychology, 40(6), 1105-1122. https://doi.or
2/10.1037/0012-1649.40.6.1105

Carlson, S. M., & Wang, T. S. (2007). Inhibitory control and emotion
regulation in preschool children. Cognitive Development, 22(4),
489-510. https://doi.org/10.1016/j.cogdev.2007.08.002

Clearfield, M. W., Diedrich, F. J., Smith, L. B., & Thelen, E. (2006).
Young infants reach correctly in A-not-B tasks: On the develop-
ment of stability and perseveration. Infant Behavior and Devel-
opment, 29(3), 435-444. https://doi.org/10.1016/j.infbeh.2006.0
3.001

*Clearfield, M. W., & Niman, L. C. (2012). SES affects infant cogni-
tive flexibility. /nfant Behavior and Development, 35(1), 29-35.
https://doi.org/10.1016/j.infbeh.2011.09.007

Colombo, J., & Cheatham, C. L. (2006). The emergence and basis of
endogenous attention in infancy and early childhood. Advances in
Child Development and Behavior, 34,283-322. https://doi.org/10
.1016/S0065-2407(06)80010-8

* Colombo, J., Zavaleta, N., Kannass, K. N., Lazarte, F., Albornoz, C.,
Kapa, L. L., & Caulfield, L. E. (2014). Zinc supplementation sus-
tained normative neurodevelopment in a randomized, controlled
trial of Peruvian infants aged 6—18 months. The Journal of Nutri-
tion, 144(8), 1298—1305. https://doi.org/10.3945/jn.113.189365

Colvert, E., Rutter, M., Kreppner, J., Beckett, C., Castle, J., Groot-
hues, C., Hawkins, A., Stevens, S., & Sonuga-Barke, E. J. (2008).
Do theory of mind and executive function deficits underlie the
adverse outcomes associated with profound early deprivation?:
Findings from the English and Romanian adoptees study. Journal
of Abnormal Child Psychology, 36, 1057-1068. https://doi.org/10
.1007/s10802-008-9232-x

*Cuevas, K., & Bell, M. A. (2011). EEG and ECG from 5 to 10 months
of age: Developmental changes in baseline activation and cog-
nitive processing during a working memory task. International
Journal of Psychophysiology, 80(2), 119—128. https://doi.org/10.
1016/j.ijpsycho.2011.02.009

* Cuevas, K., & Bell, M. A. (2014). Infant attention and early child-
hood executive function. Child Development, 85(2), 397-404.
https://doi.org/10.1111/cdev.12126

*Cuevas, K., Bell, M. A., Marcovitch, S., & Calkins, S. D. (2012a).
Electroencephalogram and heart rate measures of working mem-
ory at 5 and 10 months of age. Developmental Psychology, 48(4),
907-917. https://doi.org/10.1037/a0026448

Cuevas, K., Rajan, V., & Bryant, L. J. (2017). Emergence of executive
function in infancy. Executive Function (pp. 11-28). Routledge.

@ Springer

* Cuevas, K., Swingler, M. M., Bell, M. A., Marcovitch, S., & Calkins,
S. D. (2012b). Measures of frontal functioning and the emergence
of inhibitory control processes at 10 months of age. Developmen-
tal Cognitive Neuroscience, 2(2), 235-243. https://doi.org/10.10
16/j.den.2012b.01.002

Deoni, S. C. L., Mercure, E., Blasi, A., Gasston, D., Thomson, A.,
Johnson, M., Williams, S. C. R., & Murphy, D. G. M. (2011).
Mapping infant brain myelination with magnetic resonance imag-
ing. Journal of Neuroscience, 31(2), 784—791. https://doi.org/10.
1523/JNEUROSCI.2106-10.2011

Diamond, A. (1985). Development of the ability to use recall to guide
action, as indicated by infants’ performance on AB. Child Devel-
opment, 56(4), 868—883. https://doi.org/10.2307/1130099

Diamond, A. (1988). Abilities and neural mechanisms underlying AB
performance. Child Development, 59(2), 523-527. https://doi.org
/10.2307/1130330

Diamond, A. (1990). Developmental time course in human infants
and infant monkeys, and the neural bases of inhibitory control in
reaching. Annals of the New York Academy of Sciences, 608(1),
637-676. https://doi.org/10.1111/j.1749-6632.1990.tb48913.x

Diamond, A. (2013). Executive functions. Annual Review of Psychol-
ogy, 64(1), 135-168. https://doi.org/10.1146/annurev-psych-113
011-143750

Diamond, A., & Goldman-Rakic, P. (1989). Comparison of human
infants and rhesus monkeys on Piaget’s AB task: Evidence for
dependence on dorsolateral prefrontal cortex. Experimental Brain
Research, 74, 24-40. https://doi.org/10.1007/BF00248277

Diamond, A., Prevor, M. B., Callender, G., & Druin, D. P. (1997).
Prefrontal cortex cognitive deficits in children treated early and
continuously for PKU. Monographs of the Society for Research
in Child Development, 62(4), 1-206. https://doi.org/10.2307/11
66208

*Espy, K. A., Kaufmann, P. M., & Glisky, M. L. (1999a). Neuro-
psychologic function in toddlers exposed to cocaine in utero: A
preliminary study. Developmental Neuropsychology, 15(3), 447—
460. https://doi.org/10.1080/87565649909540761

* Espy, K. A., Kaufmann, P. M., McDiarmid, M. D., & Glisky, M.
L. (1999b). Executive functioning in preschool children: Perfor-
mance on A-not-B and other delayed response format tasks. Brain
and Cognition, 41(2), 178-199. https://doi.org/10.1006/brcg.199
9b.1117

Fiske, A., de Klerk, C., Lui, K. Y., Collins-Jones, L., Hendry, A.,
Greenhalgh, 1., Hall, A., Scerif, G., Dvergsdal, H., & Holmboe, K.
(2022). The neural correlates of inhibitory control in 10-month-
old infants: A functional near-infrared spectroscopy study. Neuro-
Image, 257, 1-14, Article 119241. https://doi.org/10.1016/j.neur
oimage.2022.119241

*Frick, M. A., Forslund, T., Fransson, M., Johansson, M., Bohlin, G.,
& Brocki, K. C. (2018). The role of sustained attention, maternal
sensitivity, and infant temperament in the development of early
self-regulation. British Journal of Psychology, 109(2), 277-298.
https://doi.org/10.1111/bjop.12266

* Gago Galvagno, L. G., De Grandis, M. C., Clerici, G. D., Mustaca,
A.E., Miller, S. E., & Elgier, A. M. (2019). Regulation during the
second year: Executive function and emotion regulation links to
joint attention, temperament, and social vulnerability in a Latin
American sample. Frontiers in Psychology, 10, Article 1473.
https://doi.org/10.3389/fpsyg.2019.01473

Garon, N., Bryson, S. E., & Smith, I. M. (2008). Executive function in
preschoolers: A review using an integrative framework. Psycho-
logical Bulletin, 134(1), 31-60. https://doi.org/10.1037/0033-29
09.134.1.31

Garon, N., Smith, I. M., & Bryson, S. E. (2014). A novel executive
function battery for preschoolers: Sensitivity to age differences.
Child Neuropsychology, 20(6), 713—736. https://doi.org/10.1080/
09297049.2013.857650


https://doi.org/10.1080/87565640709336885
https://doi.org/10.1080/87565640709336885
https://doi.org/10.1207/s15327078in0502_7
https://doi.org/10.1207/s15327078in0502_7
https://doi.org/10.1111/j.1467-8624.2010.01499.x
https://doi.org/10.1111/desc.12824
https://doi.org/10.1177/00315125221090203
https://doi.org/10.1177/00315125221090203
https://doi.org/10.1037/0012-1649.40.6.1105
https://doi.org/10.1037/0012-1649.40.6.1105
https://doi.org/10.1016/j.cogdev.2007.08.002
https://doi.org/10.1016/j.infbeh.2006.03.001
https://doi.org/10.1016/j.infbeh.2006.03.001
https://doi.org/10.1016/j.infbeh.2011.09.007
https://doi.org/10.1016/S0065-2407(06)80010-8
https://doi.org/10.1016/S0065-2407(06)80010-8
https://doi.org/10.3945/jn.113.189365
https://doi.org/10.1007/s10802-008-9232-x
https://doi.org/10.1007/s10802-008-9232-x
https://doi.org/10.1016/j.ijpsycho.2011.02.009
https://doi.org/10.1016/j.ijpsycho.2011.02.009
https://doi.org/10.1111/cdev.12126
https://doi.org/10.1037/a0026448
https://doi.org/10.1016/j.dcn.2012b.01.002
https://doi.org/10.1016/j.dcn.2012b.01.002
https://doi.org/10.1523/JNEUROSCI.2106-10.2011
https://doi.org/10.1523/JNEUROSCI.2106-10.2011
https://doi.org/10.2307/1130099
https://doi.org/10.2307/1130330
https://doi.org/10.2307/1130330
https://doi.org/10.1111/j.1749-6632.1990.tb48913.x
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1007/BF00248277
https://doi.org/10.2307/1166208
https://doi.org/10.2307/1166208
https://doi.org/10.1080/87565649909540761
https://doi.org/10.1006/brcg.1999b.1117
https://doi.org/10.1006/brcg.1999b.1117
https://doi.org/10.1016/j.neuroimage.2022.119241
https://doi.org/10.1016/j.neuroimage.2022.119241
https://doi.org/10.1111/bjop.12266
https://doi.org/10.3389/fpsyg.2019.01473
https://doi.org/10.1037/0033-2909.134.1.31
https://doi.org/10.1037/0033-2909.134.1.31
https://doi.org/10.1080/09297049.2013.857650
https://doi.org/10.1080/09297049.2013.857650

Psychological Research (2026) 90:138

Page 210f23 138

Harris, P. (1989). Object permanence in infancy. In A. Slater & G.
Bremner (Eds.), Infant development (pp. 103—121). Erlbaum.
*Hendry, A., Greenhalgh, 1., Bailey, R., Fiske, A., Dvergsdal, H., &
Holmboe, K. (2022). Development of directed global inhibition,
competitive inhibition and behavioural inhibition during the tran-
sition between infancy and toddlerhood. Developmental Science,

25(5), €13193. https://doi.org/10.1111/desc.13193

Hodel, A. S. (2018). Rapid infant prefrontal cortex development and
sensitivity to early environmental experience. Developmental
Review, 48, 113—144. https://doi.org/10.1016/j.dr.2018.02.003

Hofstadter, M., & Reznick, J. S. (1996). Response modality affects
human infant delayed-response performance. Child Develop-
ment, 67(2), 646—658. https://doi.org/10.1111/j.1467-8624.1996
tb01757 x

*Hogan, A. M., Telfer, P. T., Kirkham, F. J., & Haan, M. D. (2013).
Precursors of executive function in infants with sickle cell ane-
mia. Journal of Child Neurology, 28(10), 1197—1202. https://doi.
org/10.1177/0883073812453495

*Holmboe, K., Bonneville-Roussy, A., Csibra, G., & Johnson, M. H.
(2018). Longitudinal development of attention and inhibitory
control during the first year of life. Developmental Science, 21(6),
Article €12690. https://doi.org/10.1111/desc.12690

*Holmboe, K., Fearon, R. P., Csibra, G., Tucker, L. A., & Johnson, M.
H. (2008). Freeze-frame: A new infant inhibition task and its rela-
tion to frontal cortex tasks during infancy and early childhood.
Journal of Experimental Child Psychology, 100(2), 89-114.
https://doi.org/10.1016/j.jecp.2007.09.004

Holmes, C. J., Kim-Spoon, J., & Deater-Deckard, K. (2016). Link-
ing executive function and peer problems from early childhood
through middle adolescence. Journal of Abnormal Child Psychol-
ogy, 44(1), 31-42. https://doi.org/10.1007/s10802-015-0044-5

Horobin, K., & Acredolo, L. (1986). The role of attentiveness, mobility
history, and separation of hiding sites on stage IV search behav-
ior. Journal of Experimental Child Psychology, 41(1), 114-127.
https://doi.org/10.1016/0022-0965(86)90054-8

Huttenlocher, P. R. (2002). Neural plasticity: The effects of environ-
ment on the development of the cerebral cortex. Harvard Univer-
sity Press.

*Ishibashi, M., & Moriguchi, Y. (2017). Understanding why children
commit scale errors: Scale error and its relation to action planning
and inhibitory control, and the concept of size. Frontiers in Psy-
chology, 8, Article 826. https://doi.org/10.3389/fpsyg.2017.00826

*Jia, K., Feng, Y., Brenna, J. T., Luo, Z. C., Zhao, J., Li, H., Li, P,
Zhang, Q., Zhao, Q., Dai, Q., Zhong, Y., Lambers, T., Zhang, H.,
Zhou, H., & Gao, Y. (2021). Breast milk EPA associated with
infant distractibility when EPA level is low. Nutrition (Burbank,
Los Angeles County, Calif.), 86, 111143. https://doi.org/10.1016/
j.nut.2021.111143

*Jia, K., Wang, S., Dai, Q., Feng, Y., Zhang, Q., Zhao, Q., Chen, F,,
Li, Z., Xiao, Y., Zhong, Y., Zhu, Z., Wang, H., Wang, J., Luo, Z.
C., Zhou, H., & Gao, Y. (2022). Breast-milk rubidium and other
trace elements are associated with neurocognitive development
in infants at age of 8 months. The Journal of Nutrition, 152(6),
1507-1514. https://doi.org/10.1093/jn/nxac054

*Johansson, M., Forssman, L., & Bohlin, G. (2014). Individual differ-
ences in 10-month-olds’ performance on the A-not-B task. Scan-
dinavian Journal of Psychology, 55(2), 130—135. https://doi.org/
10.1111/sjop.12109

*Johansson, M., Marciszko, C., Gredebick, G., Nystrom, P., & Bohlin,
G. (2015). Sustained attention in infancy as a longitudinal pre-
dictor of self-regulatory functions. /nfant Behavior and Develop-
ment, 41, 1-11. https://doi.org/10.1016/j.infbeh.2015.07.001

*Karonen, A., Kataja, E. L., Bridgett, D. J., Paunio, T., Kantojarvi,
K., Korja, R., Karlsson, H., & Nolvi, S. (2023). Maternal execu-
tive functioning is associated with infant sustained attention,
but not executive functioning, in a sex-specific manner. Nordic

Psychology, 76(2), 148—162. https://doi.org/10.1080/19012276.2
023.2173275

Knickmeyer, R. C., Gouttard, S., Kang, C., Evans, D., Wilber, K.,
Smith, J. K., Hamer, R. M., Lin, W., Gerig, G., & Gilmore, J. H.
(2008). A structural MRI study of human brain development from
birth to 2 years. The Journal of Neuroscience, 28(47), 12176—
12182. https://doi.org/10.1523/INEUROSCI.3479-08.2008

Kochanska, G., Murray, K. T., & Harlan, E. T. (2000). Effortful con-
trol in early childhood: Continuity and change, antecedents, and
implications for social development. Developmental Psychology,
36(2), 220-232. https://doi.org/10.1037/0012-1649.36.2.220

Kochanska, G., Tjebkes, J. L., & Fortnan, D. R. (1998). Children’s
emerging regulation of conduct: Restraint, compliance, and inter-
nalization from infancy to the second year. Child Development,
69, 1378-1389. https://doi.org/10.2307/1132272

*Lipina, S. J., Martelli, M. L., Vuelta, B., & Colombo, J. A. (2005). Per-
formance on the A-not-B task of Argentinean infants from unsat-
isfied and satisfied basic needs homes. Revista Interamericana de
Psicologia/Interamerican Journal of Psychology, 39(1), 49—60.

MacNeill, L. A., Ram, N., Bell, M. A., Fox, N. A., & Pérez-Edgar, K.
(2018). Trajectories of infants’ biobehavioral development: Timing
and rate of A-not-B performance gains and EEG maturation. Child
Development, 89(3), 711-724. https://doi.org/10.1111/cdev.13022

Marcovitch, S., & Zelazo, P. D. (1999). The A-not-B error: Results
from a logistic meta-analysis. Child Development, 70(6), 1297—
1313. https://doi.org/10.1111/1467-8624.00095

Matthews, A., Ellis, A. E., & Nelson, C. A. (1996). Development of pre-
term and full-term infant ability on AB, recall memory, transparent
barrier detour, and means-end tasks. Child Development, 67(6),
2658-2676. https://doi.org/10.1111/j.1467-8624.1996.tb01881.x

*Miller, S. E., & Marcovitch, S. (2015). Examining executive function
in the second year of life: Coherence, stability, and relations to
joint attention and language. Developmental Psychology, 51(1),
101-114. https://doi.org/10.1037/a0038359

Miyake, A., & Friedman, N. P. (2012). The nature and organization of
individual differences in executive functions. Current Directions
in Psychological Science, 21(1), 8—14. https://doi.org/10.1177/09
63721411429458

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter,
A., & Wager, T. D. (2000). The unity and diversity of executive
functions and their contributions to complex “frontal lobe” tasks:
A latent variable analysis. Cognitive Psychology, 41(1), 49-100.
https://doi.org/10.1006/cogp.1999.0734

Moffitt, T. E., Arseneault, L., Belsky, D., Dickson, N., Hancox, R. J.,
Harrington, H., Houts, R., Poulton, R., Roberts, B. W., Ross, S.,
Sears, M. R., Thomson, W. M., & Caspi, A. (2011). A gradient of
childhood self-control predicts health, wealth, and public safety.
Proceedings of the National Academy of Sciences of the United
States of America, 108(7), 2693-2698. https://doi.org/10.1073/p
nas. 1010076108

Moulson, M. C., Westerlund, A., Fox, N. A., Zeanah, C. H., & Nelson,
C. A. (2009). The effects of early experience on face recognition:
An event-related potential study of institutionalized children in
Romania. Child Development, 80(4), 1039—1056. https://doi.org/
10.1111/5.1467-8624.2009.01315.x

*Mulder, H., Van Houdt, C. A., Van der Ham, J. M., Van der Stigchel,
L., S., & Oudgenoeg-Paz, O. (2020). Attentional flexibility pre-
dicts a-not-B task performance in 14-month-old-infants: A head-
mounted eye tracking study. Brain Sciences, 10(5), 279. https://d
oi.org/10.3390/brainscil 0050279

*Nampijja, M., Apule, B., Lule, S., Akurut, H., Muhangi, L., Webb,
E. L., Lewis, C., Elliott, A. M., & Alcock, K. J. (2012). Effects
of maternal worm infections and anthelminthic treatment dur-
ing pregnancy on infant motor and neurocognitive functioning.
Journal of the International Neuropsychological Society, 18(6),
1019-1030. https://doi.org/10.1017/S1355617712000768

@ Springer


https://doi.org/10.1111/desc.13193
https://doi.org/10.1016/j.dr.2018.02.003
https://doi.org/10.1111/j.1467-8624.1996.tb01757.x
https://doi.org/10.1111/j.1467-8624.1996.tb01757.x
https://doi.org/10.1177/0883073812453495
https://doi.org/10.1177/0883073812453495
https://doi.org/10.1111/desc.12690
https://doi.org/10.1016/j.jecp.2007.09.004
https://doi.org/10.1007/s10802-015-0044-5
https://doi.org/10.1016/0022-0965(86)90054-8
https://doi.org/10.3389/fpsyg.2017.00826
https://doi.org/10.1016/j.nut.2021.111143
https://doi.org/10.1016/j.nut.2021.111143
https://doi.org/10.1093/jn/nxac054
https://doi.org/10.1111/sjop.12109
https://doi.org/10.1111/sjop.12109
https://doi.org/10.1016/j.infbeh.2015.07.001
https://doi.org/10.1080/19012276.2023.2173275
https://doi.org/10.1080/19012276.2023.2173275
https://doi.org/10.1523/JNEUROSCI.3479-08.2008
https://doi.org/10.1037/0012-1649.36.2.220
https://doi.org/10.2307/1132272
https://doi.org/10.1111/cdev.13022
https://doi.org/10.1111/1467-8624.00095
https://doi.org/10.1111/j.1467-8624.1996.tb01881.x
https://doi.org/10.1037/a0038359
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1111/j.1467-8624.2009.01315.x
https://doi.org/10.1111/j.1467-8624.2009.01315.x
https://doi.org/10.3390/brainsci10050279
https://doi.org/10.3390/brainsci10050279
https://doi.org/10.1017/S1355617712000768

138 Page 22 of 23

Psychological Research (2026) 90:138

Nigg, J. T. (2017). Annual research review: On the relations among
self-regulation, self-control, executive functioning, effortful con-
trol, cognitive control, impulsivity, risk-taking, and inhibition for
developmental psychopathology. Journal of Child Psychology
and Psychiatry, and Allied Disciplines, 58(4), 361-383. https://d
oi.org/10.1111/jcpp.12675

*Nimmapirat, P., Fiedler, N., Suttiwan, P., Sullivan, M. W., Ohman-
Strickland, P., Panuwet, P., Barr, D. B., Prapamontol, T., Naksen,
W., & SAWASDEE birth cohort investigative team. (2024). Pre-
dictors of executive function among 2 years old from a Thai birth
cohort. Infant Behavior and Development, 74, 101916. https://do
i.org/10.1016/j.infbeh.2023.101916

*Noland, J. S., Singer, L. T., Mehta, S. K., & Super, D. M. (2003).
Prenatal cocaine/polydrug exposure and infant performance on
an executive functioning task. Developmental Neuropsychology,
24(1), 499-517. https://doi.org/10.1207/S15326942DN2401_05

*Nolvi, S., Pesonen, H., Bridgett, D. J., Korja, R., Kataja, E. L., Karls-
son, H., & Karlsson, L. (2018). Infant sex moderates the effects
of maternal pre-and postnatal stress on executive functioning at
8 months of age. Infancy, 23(2), 194-210. https://doi.org/10.111
1/infa.12206

O’Muircheartaigh, J., Dean, D. C., III., Ginestet, C. E., Walker, L.,
Waskiewicz, N., Lehman, K., Dirks, H., Piryatinsky, 1., & Deoni,
S. C. (2014). White matter development and early cognition in
babies and toddlers. Human Brain Mapping, 35(9), 4475-4487.
https://doi.org/10.1002/hbm.22488

Ozonoff, S., Pennington, B. F., & Rogers, S. J. (1991). Executive func-
tion deficits in high-functioning autistic individuals: Relationship to
theory of mind. Journal of Child Psychology and Psychiatry, 32(7),
1081-1105. https://doi.org/10.1111/j.1469-7610.1991.tb00351.x

Perner, J. (1991). Understanding the representational mind. MIT.

*Phillips, J. P, Ruhl, D., Montague, E., Gasparovic, C., Caprihan, A.,
Ohls, R. K., Schrader, R., & Lowe, J. R. (2011). Anterior cingulate
and frontal lobe white matter spectroscopy in early childhood of
former very LBW premature infants. Pediatric Research, 69(3),
224-229. https://doi.org/10.1203/PDR.0b013e3182091d52

Piaget, J. (1954). The construction of reality in the child (pp. 44—66).
Routledge.

Posner, M. 1., & DiGirolamo, G. J. (1998). Executive attention: Con-
flict, target detection, and cognitive control. In R. Parasuraman
(Ed.), The attentive brain (pp. 401-423). MIT Press.

*Prado, E. L., Abbeddou, S., Adu-Afarwuah, S., Arimond, M., Ashorn,
P., Ashorn, U., Kenneth, H. B., Hess, S. Y., Lartey, A., Maleta, K.,
Ocansey, E., Ouédraogo, J. B., Phuka, J., Somé, J. W., Vosti, S.
A., Jimenez, E. Y., & Dewey, K. G. (2016a). Linear growth and
child development in Burkina Faso, Ghana, and Malawi. Pedi-
atrics, 138(2), Article €2 0154698. https://doi.org/10.1542/peds
.2015-4698

*Prado, E. L., Adu-Afarwuah, S., Lartey, A., Ocansey, M., Ashorn, P.,
Vosti, S. A., & Dewey, K. G. (2016b). Effects of pre-and post-
natal lipid-based nutrient supplements on infant development
in a randomized trial in Ghana. Early Human Development, 99,
43-51. https://doi.org/10.1016/j.earlhumdev.2016b.05.011

*Prado, E. L., Maleta, K., Ashorn, P., Ashorn, U., Vosti, S. A., Sadal-
aki, J., & Dewey, K. G. (2016c). Effects of maternal and child
lipid-based nutrient supplements on infant development: A ran-
domized trial in Malawi. The American Journal of Clinical Nutri-
tion, 103(3), 784-793. https://doi.org/10.3945/ajen.115.114579

*Prado, E. L., Phuka, J., Maleta, K., Ashorn, P., Ashorn, U., Vosti,
S. A., & Dewey, K. G. (2016d). Provision of lipid-based nutri-
ent supplements from age 6 to 18 months does not affect infant
development scores in a randomized trial in Malawi. Maternal
and Child Health Journal, 20, 2199-2208. https://doi.org/10.10
07/s10995-016-2061-6

*Prado, E. L., Phuka, J., Ocansey, E., Maleta, K., Ashorn, P., Ashorn,
U., Adu-Afarwuah, S., Oaks, B. M., Lartey, A., & Dewey, K. G.

@ Springer

(2018). A method to develop vocabulary checklists in new lan-
guages and their validity to assess early language development.
Journal of Health, Population, and Nutrition, 37(1), 13. https://d
0i.org/10.1186/s41043-018-0145-1

*Pushina, N. N., Orekhova, E. V., & Stroganova, T. A. (2005). Age-
related and individual differences in the performance of a delayed
response task (the A-not-B task) in infant twins aged 7—12 months.
Neuroscience and Behavioral Physiology, 35(5), 481-490. https:/
/doi.org/10.1007/s11055-005-0083-4

*Pyykko, J., Ashorn, U., Chilora, E., Maleta, K., Ashorn, P., & Lep-
pénen, J. M. (2020). Associations between individual variations
in visual attention at 9 months and behavioral competencies at
18 months in rural Malawi. PLoS One, 15(10), Article €0239613.
https://doi.org/10.1371/journal.pone.0239613

Rommelse, N. N., Geurts, H. M., Franke, B., Buitelaar, J. K., & Hart-
man, C. A. (2011). A review on cognitive and brain endophe-
notypes that may be common in autism spectrum disorder and
attention-deficit/hyperactivity disorder and facilitate the search
for pleiotropic genes. Neuroscience & Biobehavioral Reviews,
35(6), 1363-1396.

*Shinya, Y., & Ishibashi, M. (2022). Observing effortful adults
enhances not perseverative but sustained attention in infants aged
12 months. Cognitive Development, 64, 101255. https://doi.org/1
0.1016/j.cogdev.2022.101255

Smith, L. B., Thelen, E., Titzer, R., & McLin, D. (1999). Knowing in
the context of acting: The task dynamics of the A-not-B error.
Psychological Review, 106(2), 235-260.

Sophian, C., & Wellman, H. M. (1983). Selective information use and
perseveration in the search behavior of infants and young chil-
dren. Journal of Experimental Child Psychology, 35(3), 369-390.
https://doi.org/10.1016/0022-0965(83)90015-2

Spencer, J. P., Smith, L. B., & Thelen, E. (2001). Tests of a dynamic
systems account of the A-not-B error: The influence of prior
experience on the spatial memory abilities of two-year-olds.
Child Development, 72(5), 1327-1346. https://doi.org/10.1111/1
467-8624.00351

*St. John, T., Estes, A. M., Dager, S. R., Kostopoulos, P., Wolff, J. J.,
Pandey, J., Elison, J. T., Paterson, S. J., Schultz, R. T., Botteron,
K., Hazlett, H., & Piven, J. (2016). Emerging executive func-
tioning and motor development in infants at high and low risk
for autism spectrum disorder. Frontiers in Psychology, 7, 1016.
https://doi.org/10.3389/fpsyg.2016.01016

*Sun, J., Mohay, H., & O’Callaghan, M. (2009). A comparison of
executive function in very preterm and term infants at 8 months
corrected age. Early Human Development, 85(4), 225-230.
https://doi.org/10.1016/j.earlhumdev.2008.10.005

Thelen, E., Schoner, G., Scheier, C., & Smith, L. B. (2001). The
dynamics of embodiment: A field theory of infant perseverative
reaching. Behavioral and brain sciences, 24(1), 1-34. https://doi.
org/10.1017/s0140525x01003910

*Tofail, F., Fernald, L. C., Das, K. K., Rahman, M., Ahmed, T., Jan-
nat, K. K., Unicomb, L., Arnold, B. F., Ashraf, S., Winch, P. J.,
Kariger, P., Stewart, C. P., Colford, J. M., & Luby, S. P. (2018).
Effect of water quality, sanitation, hand washing, and nutritional
interventions on child development in rural Bangladesh (WASH
Benefits Bangladesh): A cluster-randomised controlled trial. The
Lancet Child & Adolescent Health, 2(4), 255-268. https://doi.org
/10.1016/S2352-4642(18)30031-2

*Toth, K., Collett, B., Kapp-Simon, K. A., Cloonan, Y. K., Gaither,
R., Cradock, M. M., Buono, L., Cunningham, G. D., Starr, J.,
& Speltz, M. L. (2008). Memory and response inhibition in
young children with single-suture craniosynostosis. Child
Neuropsychology, 14(4), 339-352. https://doi.org/10.1080/09
297040701594888

Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K., Colquhoun, H.,
Levac, D., Moher, D., Peters, M. D. J., Horsley, T., Weeks, L.,


https://doi.org/10.1111/jcpp.12675
https://doi.org/10.1111/jcpp.12675
https://doi.org/10.1016/j.infbeh.2023.101916
https://doi.org/10.1016/j.infbeh.2023.101916
https://doi.org/10.1207/S15326942DN2401_05
https://doi.org/10.1111/infa.12206
https://doi.org/10.1111/infa.12206
https://doi.org/10.1002/hbm.22488
https://doi.org/10.1111/j.1469-7610.1991.tb00351.x
https://doi.org/10.1203/PDR.0b013e3182091d52
https://doi.org/10.1542/peds.2015-4698
https://doi.org/10.1542/peds.2015-4698
https://doi.org/10.1016/j.earlhumdev.2016b.05.011
https://doi.org/10.3945/ajcn.115.114579
https://doi.org/10.1007/s10995-016-2061-6
https://doi.org/10.1007/s10995-016-2061-6
https://doi.org/10.1186/s41043-018-0145-1
https://doi.org/10.1186/s41043-018-0145-1
https://doi.org/10.1007/s11055-005-0083-4
https://doi.org/10.1007/s11055-005-0083-4
https://doi.org/10.1371/journal.pone.0239613
https://doi.org/10.1016/j.cogdev.2022.101255
https://doi.org/10.1016/j.cogdev.2022.101255
https://doi.org/10.1016/0022-0965(83)90015-2
https://doi.org/10.1111/1467-8624.00351
https://doi.org/10.1111/1467-8624.00351
https://doi.org/10.3389/fpsyg.2016.01016
https://doi.org/10.1016/j.earlhumdev.2008.10.005
https://doi.org/10.1017/s0140525x01003910
https://doi.org/10.1017/s0140525x01003910
https://doi.org/10.1016/S2352-4642(18)30031-2
https://doi.org/10.1016/S2352-4642(18)30031-2
https://doi.org/10.1080/09297040701594888
https://doi.org/10.1080/09297040701594888

Psychological Research (2026) 90:138

Page 23 0f 23 138

Hempel, S., Akl, E. A., Chang, C., McGowan, J., Stewart, L.,
Hartling, L., Aldcroft, A., Wilson, M. G., Garritty, C., ... Straus,
S. E. (2018). PRISMA extension for scoping reviews (PRISMA-
ScR): Checklist and explanation. Annals of Internal Medicine,
169(7), 467—473. https://doi.org/10.7326/M18-0850

*Tsetlin, M. M., Novikova, S. I., Orekhova, E. V., Pushina, N. P,,
Malakhovskaya, E. V., Filatov, A. 1., & Stroganova, T. A. (2012).
Developmental continuity in the capacity of working memory
from infancy to preschool age. Neuroscience and Behavioral
Physiology, 42, 692—699. https://doi.org/10.1007/s11055-012-9
620-0

*van de Weijer-Bergsma, E., Wijnroks, L., Boom, J., de Vries, L. S.,
van Haastert, I. C., & Jongmans, M. J. (2010). Individual differ-
ences in developmental trajectories of A-not-B performance in
infants born preterm. Developmental Neuropsychology, 35(6),
605-621. https://doi.org/10.1080/87565641.2010.508545

*van de Weijer-Bergsma, E., Wijnroks, L., van Haastert, 1. C., Boom,
J., & Jongmans, M. J. (2016). Does the development of executive
functioning in infants born preterm benefit from maternal direc-
tiveness? Early Human Development, 103, 155-160. https://doi.o
rg/10.1016/j.earlhumdev.2016.09.012

*Wang, Y., Seidl, A., & Cristia, A. (2021). Infant speech perception
and cognitive skills as predictors of later vocabulary. Infant
Behavior & Development, 62, Article 101524. https://doi.org/10.
1016/j.infbeh.2020.101524

Wass, S. V. (2015). Applying cognitive training to target executive
functions during early development. Child Neuropsychology,
21(2), 150-166. https://doi.org/10.1080/09297049.2014.882888

Wellman, H. M., Cross, D., Bartsch, K., & Harris, P. L. (1986). Infant
search and object permanence: A meta-analysis of the A-not-B
error. Monographs of the Society for Research in Child Develop-
ment, 51(3), 1.

*Wiebe, S. A., Lukowski, A. F., & Bauer, P. J. (2010). Sequence imita-
tion and reaching measures of executive control: A longitudinal
examination in the second year of life. Developmental Neuropsy-
chology, 35(5), 522—-538. https://doi.org/10.1080/87565641.2010
494751

Zelazo, P. D., & Carlson, S. M. (2020). The neurodevelopment of
executive function skills: Implications for academic achievement
gaps. Psychology & Neuroscience, 13(3), 273-298. https://doi.or
2/10.1037/pne0000208

*Zmyj, N., Prinz, W., & Daum, M. M. (2015). Eighteen-month-olds’
memory interference and distraction in a modified A-not-B task
is not associated with their anticipatory lookingin a false-belief
task. Frontiers in Psychology, 6, Article 857. https://doi.org/10.3
389/fpsyg.2015.00857

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.7326/M18-0850
https://doi.org/10.1007/s11055-012-9620-0
https://doi.org/10.1007/s11055-012-9620-0
https://doi.org/10.1080/87565641.2010.508545
https://doi.org/10.1016/j.earlhumdev.2016.09.012
https://doi.org/10.1016/j.earlhumdev.2016.09.012
https://doi.org/10.1016/j.infbeh.2020.101524
https://doi.org/10.1016/j.infbeh.2020.101524
https://doi.org/10.1080/09297049.2014.882888
https://doi.org/10.1080/87565641.2010.494751
https://doi.org/10.1080/87565641.2010.494751
https://doi.org/10.1037/pne0000208
https://doi.org/10.1037/pne0000208
https://doi.org/10.3389/fpsyg.2015.00857
https://doi.org/10.3389/fpsyg.2015.00857

	﻿Executive functioning in the first 24 months: A scoping review of the A-not-B task
	﻿Abstract
	﻿Early development of executive functioning
	﻿The A-not-B task: a window into early executive functioning
	﻿Aim and structure of the scoping review

	﻿Method
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Study selection
	﻿Data charting and synthesis

	﻿Results
	﻿Researchers’ assessment interests when administering the A-not-B task
	﻿Most common procedures administered
	﻿A-not-B administration procedures
	﻿Researchers’ scoring methods of the children’s performance
	﻿Participation inclusion criteria

	﻿Discussion
	﻿Limitations and directions for future research

	﻿References


