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ABSTRACT

Cognitive flexibility is usually described as a skill that allows us to revise
our behaviors or ideas as the task objective or the environment changes. Over
20 years, in addition to inhibitory control and working memory, cognitive
flexibility has been presented as one of the main executive functions and has
been considered to develop at around three to four years of age when children
learn to easily switch from sorting cards according to one rule (e.g., shape)
to the other rule (e.g., colour). This classic view of cognitive flexibility has
been highly influential in improving our knowledge about the development of
cognitive flexibility. However, in recent years, the way cognitive flexibility is
understood has changed remarkably that leads the way that it should be thought
and studied has also changed. The present paper aims to present a contemporary
view of cognitive flexibility by reviewing recent advances in methodological
and analytical techniques used to study cognitive flexibility. Particularly,
recent research has started to use less constrained rule-switching tasks to
assess cognitive flexibility and use more advanced modelling-based statistical
approaches to analyse cognitive flexibility. These recent advances suggest that
cognitive flexibility is not a stand-alone skill that emerges during the preschool
years. Instead, cognitive flexibility is the culmination of the development of
controlled, goal-oriented behavior that happens across a broader age span and
in a much more diverse range of contexts than previously thought. While the
earlier developments in cognitive flexibility in the first two years of life are
underpinned by attention and language, the later developments in cognitive
flexibility from around three years onwards are underpinned by inhibitory
control and working memory.
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(07

Bilissel esneklik degisen hedefler ya da gevresel etkilere bagli olarak diisiince ya da davranislarimizi giincellememize
olanak saglayan yetenek olarak tanimlanabilir. Yirmi yili agkin siiredir biligsel esneklik, engelleyici kontrol ve ¢aligan
bellek ile birlikte ii¢ ana yiiriitiicii islevden biri olarak sunulmakta ve bilissel esnekligin ¢ocuklarin belli kartlar bir
kuraldan (6rn., sekil) diger kurala (6rn., renk) gore esnek bir sekilde siiflandirmay1 6grendigi tic ile dort yaslari arasinda
gelistigi diistiniilmektedir. Biligsel esnekligin {i¢ ana yiiriitiicii islevden biri oldugunu ve iig ile dort yaslari arasinda
gelistigini savunan bu klasik goriis, bilissel esnekligin gelisimini anlamamizda uzun yillar etkili olmustur. Fakat son
yillarda biligsel esneklik konusundaki anlayisimiz 6nemli dlgiide degismistir ve bu degisiklik biligsel esnekligi daha
iyi anlamamiz ve daha iyi ¢alismamiz konusundaki degisikliklere de 6n ayak olmustur. Bu aragtirma, biligsel esnekligi
calisirken kullanilan yontem ve analitik tekniklerdeki giincel gelismeleri tarayarak biligsel esneklik konusundaki giincel
goriisii sunmay1 amaglamaktadir. Ozellikle, son zamanlarda yapilan arastirmalar bilissel esnekligi 6l¢mek i¢in daha az
siirlandirilmig kural-degistirme bataryalart gelistirmekte ve biligsel esnekligi analiz etmek i¢in daha ileri modelleme
analiz yontemlerini kullanmaktadir. Yapilan son ¢alismalar, biligsel esnekligin okul oncesi ¢agda ortaya ¢ikan tek
bagma bir yiiriitiici islev olmadigini gostermektedir. Aksine, son ¢aligmalar biligsel esnekligin diisiiniilenden daha
genis zamana yayilan ve daha farkli sekillerde ortaya ¢ikan kontrollii, amag-odakli davranig gelisiminin son basamagi
oldugunu goéstermektedir. Giincel veriler, uzun gelisim evresine sahip biligsel esnekligin yasamin ilk iki yilindaki erken
gelisim donemlerinin dikkat ve dil yetenekleri tarafindan desteklenirken, ii¢ yas ve sonrasi ileri gelisim donemlerinin
engelleyici kontrol ve galisan bellek yetenekleri tarafindan desteklendigini gostermektedir.

Anahtar Kelimeler: Biligsel esneklik, engelleyici kontrol, ¢alisan bellek
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Cognitive flexibility (CF) is a skill that enables us to revise our ideas or behaviors as
the environment or task objective changes (Chevalier et al., 2012). It is an early-emerg-
ing ability and is important both because it reflects the onset of complex, systematic,
goal-oriented behavior in children, and because early CF is associated with a number of
significant developmental abilities. For example, CF is positively associated with an
enhanced theory of mind abilities (Marcovitch et al., 2015), better comprehension of
emotions (Wang et al., 2021) and increased success at school (Clark et al., 2013). This
emphasizes the significance of discerning the development of CF during the early years
of life.

Research into the development of CF first emerged in the 1990s and 2000s (Towse et
al., 2000; Zelazo et al., 1996), and much of the foundation of what is known about dy-
namic goal-oriented behavior in children comes from this pioneering early work. How-
ever, in recent years, the way CF is understood has changed enormously — and as a
result, the way that CF needs to be thought and studied has changed. This paper begins
by briefly outlining the “classic” view of CF, a view derived from this early research,
and centered on an age period that used to be thought of as the three- to four-year-old
shift. It then presents a selective review of recent research covering the first six years of
life that frames CF not as a stand-alone ability that emerges during the preschool years
but rather, as the culmination of the development of a controlled, goal-oriented behav-
ior. Within this context, it will be apparent that CF emerges across a much broader age
span, and in a much more diverse range of contexts, than previously thought. The paper
then highlights the domain-general processes that are shown to play a role in the devel-
opment of flexible behavior in children. And finally, it presents a conclusion and out-

lines a number of principles for future CF research to follow.

The Classic View of Cognitive Flexibility

When research into CF first emerged, CF itself was presented as one of the main
executive functions, in addition to inhibitory control and working memory (Garon et al.,
2008; Garon et al., 2014; Miyake et al., 2000). These three executive functions were
said to emerge during the preschool years, and while each one was independent, they
could be deployed together to create flexible, goal-oriented behavior. This classic view
of CF suggests that CF develops between the ages of three and four years when children
learn to flexibly adjust their behavior based on a changing task goal such as a rule (Dia-

mond et al., 2005). During this process, children learn to follow an explicit rule and
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following that children learn to flexibly update their behavior in response to a different
rule (Muller et al., 2006). This view of how CF develops in early childhood is derived
from the most commonly used tasks to measure CF during this period, such as the Shape
School Task (Espy, 1997) or the Dimensional Change Card Sorting Task (DCCS;
Zelazo, 2006). For example, the DCCS is a two-phase rule-switching task in which chil-
dren must sort complex bidimensional cards first by one dimension (e.g., shape), and
then by another dimension (e.g., color). Thus, the core demand of tasks such as this is

the need to modify behavior in line with the rule change (Zelazo et al., 1996).

Findings from the DCCS are robust and consistent; when asked to sort complex
stimuli, three-year-olds usually sort these stimuli by an initial rule, regardless of wheth-
er it is shape or color. However, when asked to switch to a new rule, the majority of
three-year-olds are unable to do this, and instead keep sorting according to the initial
rule (Zelazo, 2006). That is, when asked to switch rules, most three-year-olds persever-
ate with their initial response tendency. Conversely, by around the age of four years,
children can usually sort stimuli according to the new rule. Thus, the view that devel-
oped from research with the DCCS task tended to see the most critical age period in CF
development as around three to four years of age; and to see the most crucial develop-
mental advancement being the ability to overcome perseveration (Munakata et al.,
2012).

Three-year-olds’ failure to switch is particularly striking, given that these children
are able to verbally report what rule they should be sorting by (Yerys & Munakata,
2006). To date, different theories are offered to explain why three-year-olds fail to
switch to the new rule. For example, cognitive complexity and control theory suggests
that three-year-olds fail to switch to the new rule even if they know that the rule is
changed because three-year-olds are unable to combine different pieces of information
into complex higher-order rule structure (Zelazo, 2006; Zelazo, 2015). Alternatively,
Perner and Lang (2002) suggested that three-year-olds perseverate with the old rule
when the rule changed because three-year-olds were unable to exert multidimensionali-
ty of mental representations to redescribe the stimuli in a different way in line with the
new rule. Other researchers suggested that three-year-olds’ failure to switch to the new
rule is related to the deficits in inhibiting the previous rule (Kirkham et al., 2003; Rennie
et al., 2004) or deficits in maintaining the new rule in mind (Morton & Munakata, 2002).

These theories offered important insights on why three-year-olds perseverate while
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switching rules. One important point to keep in mind is that while explaining CF devel-
opment, these theories usually target one change in switching behavior from perseverat-
ing with the old rule to switching the rule successfully between the ages of three and
four. However, in the contemporary view of the CF in the following sections, younger
children also engage in basic forms of CF through mastering errors of inattention
(Blakey et al., 2016). Even though it is outside the scope of this manuscript, CF devel-
opment continues to occur in older children and adolescence (Best & Miller, 2010;
Cragg & Chevalier, 2012). These existing theories do not consider the CF changes oc-
curring in more diverse types of performance across broader age ranges (Carroll et al.,
2016).

Presenting a Contemporary View of Cognitive Flexibility

The findings from the DCCS proved to be highly influential (Doebel & Zelazo,
2015). However, in recent years it is clear that CF develops in a more complicated and
protracted manner than the classic view would suggest. A number of methodological
innovations emerged. For example, rule-switching tasks were developed with an in-
creased number of response options to measure more diverse kinds of switching behav-
ior with simpler instructions and response requirements to measure CF in a wider,
younger age range of children. These innovations demonstrated that the beginning of
CF emerges much earlier than previously thought. The changes in how CF is conceived
led to it being viewed no longer as a stand-alone executive function that emerges from
nowhere during the preschool years, but rather as an integral part of children’s ability to
act in a systematic goal-oriented way (Ionescu, 2017; Ionescu, 2019). In particular, the
contemporary view of CF sees the kind of behavior measured by the DCCS task — that
is, explicit rule-based sorting of complex stimuli — as just one example of intentional
goal-oriented behavior; this behavior emerges gradually and becomes increasingly sta-

ble and complex with time.

The paper now presents a short review of some of the key studies tracing the emer-
gence of stable, goal-oriented behavior that led to this revised, contemporary view of
CF. This behavior first starts to emerge during infancy and is developed and refined
during the preschool and early school years. The most important point to make is that
CF is not a stand-alone ability that emerges at around four years of age, but rather an
integrated part of a child’s ability to act in an intentional, planned, and systematic way.
A child’s ability to flexibly switch rules is founded on the ability to reliably respond ac-
cording to a rule; on the ability to focus their attention on selected aspects of a situation;
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and the ability to overcome distractors. As the paper will now show, these abilities

emerge gradually, during the first six years of life.

Precursors to Cognitive Flexibility from Birth to Two Years

The emergence of goal-oriented behavior begins in the first year of life (Hendry et
al., 2016). During this time, infants demonstrate little evidence of intentional, reflective,
planned behavior. Nevertheless, they do begin to control their looking reaching behav-
ior in response to increasing muscle maturation (Ellis & Oakes, 2006). The develop-
ments in controlling looking and reaching are treated as important precursors to CF
since they reflect an infants” accumulated learning to exert attention control towards
external elements, and to direct their attention towards and away from key aspects of

their environment.

Assessing infants’ goal-oriented behavior is not trivial because existing CF measure-
ments require a high level of motor and language demands, which is limited in infants.
Thus, researchers used different measures that are designed to capture looking and
reaching control in order to assess CF in infancy. These measures are highlighted on the
ability to allow infants to learn to give a response to a certain stimulus; afterwards, to
update this response based on a change in the stimulus. Around four to six-months of

age, infants learn to update their response to changing stimuli (Hendry et al., 2016).

Early in the first year of life is when controlled goal-oriented behavior is first ob-
served. That is, infants start to control their gaze to focus on a single stimulus and away
from another stimulus. Such controlled looking can be treated as one of the first instanc-
es of infants’ showing implicit goal-oriented behavior, because whether infants are
clearly thinking about a goal to achieve is not definite at this stage of development
(Johnson et al., 1991). However, implicit goal-oriented behavior shows the ability to
volitionally shift attention between different stimuli, rather than simply having one’s at-
tention involuntarily captured by the most salient stimuli in one’s environment (Evans
& Stanovich, 2013). For example, the Fixation-Shift tasks examine an infants’ ability to
shift their visual focus (Atkinson et al., 1992). These tasks involve an appealing object
presented in the middle of a screen for the infant to focus on. After that, additional stim-
uli are shown on each side of the screen, either with or without the central primary ob-
ject. The outcome variable is to test whether infants can change their focus of attention

from the central to the peripheral objects on each side. It is around the age of four
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months when infants are able to shift their attention from a focal point on the screen to
peripheral objects. Furthermore, with age infants spend less time in diverting their atten-
tion away from the main object (Hunnius et al., 2006; Kulke et al., 2015). While this
simple index of directed attention might seem more basic than the kinds of complex
volitional behavior associated with CF, it should be noted that infants” high scores on
attentional control tasks predict higher scores on CF tasks later in life (Holmboe et al.,
2008).

Another type of test for goal-oriented behavior in infancy is directed reaching tasks,
typically used with children from around eight months. Controlled reaching is treated as
one of the first examples of explicit goal-oriented behavior because infants are able to
intentionally initiate an object-oriented motor response (e.g., urging to find a hidden
toy), which is a clear antecedent of later CF (Clearfield et al., 2006). The A-not-B task,
in which the infant witnessed an experimenter putting a toy in one of two boxes, is a
typical illustration of this (Piaget, 1954). The infant was then permitted access to the
toy. The toy was initially hidden in the first box (location A) for a number of trials, and
then was moved to a second box (location B). Again, the infant was permitted access to
the toy from the new place. Eight-month-old infants typically continued to look for the
toy in the initial “A” location, thus making the classic Piagetian perseverative error. Er-
rors made by eight-month-olds in the task were usually labeled as executive, indicating
challenges with suppressing the infant’s focus to the prior location or challenges with
updating the representation of the toy’s hiding location (Diamond, 1985). However, by
around the age of 12 months, infants can reach the new location to retrieve the toy —
thus demonstrating a robust ability to direct an action based on an updated task repre-
sentation. Thus, one of the essential foundations of later CF — namely, the ability to
update a mental representation as the basis for intentional action — starts to become ap-
parent by the end of the first year of life (Clearfield & Niman, 2012).

The last ability that contributes to goal-oriented behavior during infancy is seen at
20 months of age when infants begin to demonstrate the ability to disregard distractions
that are not important to their task. For instance, researchers looked into how well young
children could mimic an experimenter’s activity sequences (Wiebe et al., 2010). Infants
in the experiment initially observed the experimenter carries out two distinct three-step
activities. That is, the experimenter arranged a seesaw, placed a toy fish on it, and

pressed one edge of the seesaw in order to see the fish jump. After that, the experimenter
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assembled a peg top, placed the toy dog on it, and spun the peg top in order to make the
dog dance. Then, all the toys (the seesaw and the fish) that allow infants to mimic the
first activity were given to them, along with just one toy that allows infants to mimic the
second activity (the peg top). Infants could therefore only fully mimic the first activity,
but not the second. The peg top is now a distracting toy as a result. Researchers found
that by disregarding the distractor toy, infants can successfully mimic the first activity

of the experimenter at the age of 20 months.

In the light of this information, it can be concluded that important antecedents of
CF, such as controlling of gaze and controlling of reaching start to develop as early as
infancy. The reason these behaviors can be considered as important antecedents of CF is
because they reflect infants’ attentional control abilities for changing external elements
(Phipps et al., 2019).

Cognitive Flexibility from Two to Three Years

From around two years of age, children begin to display early forms of deliberate
and explicit goal-oriented behaviors (Wiebe & Bauer, 2005). These behaviors are rela-
tively simple and tend to be prone to disruption at every stage whether by salient aspects
of the environment around them, or simply from inattention on the part of the child
(Carroll et al., 2016). Nevertheless, it is at this age that children start to demonstrate the
ability to act systematically in response to instructions from someone else (Brooks et al.,
2003). As it will be shown, these behaviors are important antecedents of developing CF
as they establish a basis of consistent goal-oriented behavior which two-year-olds can

subsequently learn to adapt (Blakey et al., 2016).

Two-year-old children are able to act reliably following simple rules that they are
given (Johansson et al., 2016). This is a simple but essential landmark in the develop-
ment of CF, since the ability to switch from one sorting rule to another — as seen later on
tasks like the DCCS — is obviously dependent on the ability to sort reliably by a single
sorting rule in the first place. Importantly in terms of CF, however, two-year-olds also
start to show the ability to update their rule-oriented behavior, so that their initial sorting
behavior can be changed (Wiebe & Bauer, 2005). To illustrate this with an example, the
Reverse Categorization Task asks two-year-old children to classify cubes with different
colors into boxes with different colors (Carlson et al., 2004). Specifically, children are

initially asked to classify cubes according to a simple rule (e.g., “blue cubes go to the
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blue box and yellow cubes go to the yellow box”), and then they are asked to classify
the cubes according to the reversed form of that rule (e.g., “blue cubes go to the yellow
box and yellow cubes go to the blue box’’). When the rule changed, two-year-olds per-
formed well at both the first task of putting the cubes into the corresponding boxes and
the subsequent task of doing the reverse. Two-year-olds’ performance on this task shows
that around two years of age, children become able to update their behavior — though
only when the objects they are sorting are simple, and when the rule they must update is

a straightforward reversal of their initial behavior.

By the end of two years of age, children’s ability to update their behavior further
improves in a way that when presented with distracting information, two-and-a-half-
year-olds begin to demonstrate the ability to modify their behavior (Blakey et al., 2016).
This is an important development, given that young children’s behavior is frequently
prone to disruption from distraction and inattention. So, the ability to sort systematically
when there is distracting information is a significant advance. To test this, Blakey and
colleagues (2016) developed a computer-based rule-switching task called the Switch-
ing, Inhibition, and Flexibility Task (SwIFT), that asks two-and-a-half-year-olds to se-
lect one of the two colorful shapes that corresponds to a prompt image according to the
relevant rule on each trial. The task involved a pre-switch phase, where children sorted
in accordance with one rule (e.g., colour), and a post-switch phase, where they sorted in
accordance with another rule (e.g., shape; see Figure 1 for an example trial). This task
was simpler than the DCCS, since the incorrect response on any given trial did not cor-
respond to the prompt image according to the previous rule — thus, the stimuli to be
sorted were less likely to induce the child to incorrectly sort by the old rule. Neverthe-
less, by sorting successfully on the task, two-and-a-half-year-olds showed that they
could explicitly update their sorting behavior, through flexibly changing the rule that
they use to sort different stimuli. This is a clear demonstration of explicit CF in two-
year-olds and shows that the developmental trajectory of CF is longer, and starts earlier,

than previously thought.
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Figure 1
Distracting Version of the Switching, Inhibition, and Flexibility Task (SwIFT) (Blakey et al., 2016)

Pre-switch phase (12 trials): “Touch the one that’s the same colour”
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Post-switch phase (10 trials): “Touch the one that’s the same shape”
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Note. In the Distracting version of the Switching, Inhibition, and Flexibility Task (SWIFT), children are prompted to select one of the colorful
images presented at the bottom of the screen that corresponds to the prompt image in line with the relevant rule “Touch the one that’s the
same [colour/shape]”. In the Distracting SWIFT, the post-switch phase does not involve a colorful image that corresponds to the prompt
image according to the previous rule.

Cognitive Flexibility from Three to Four years

As preschoolers grow old, they start to cope with sorting more challenging stimuli
(Espy, 1997; Zelazo, 2006). Most notably, they become able to flexibly sort stimuli that
display response conflict. Response conflict is the term used to describe stimuli on
switching tasks that could be sorted either based on the initial pre-switch rule or based
on the post-switch rule (see Figure 2 for an example). Sorting stimuli with response
conflict is particularly challenging for young children, since as well as requiring chil-
dren to switch to another rule, it also requires them to adjust their focus within an object
by initially paying attention only to one aspect of a stimuli (e.g., its colour), and then,
following a change in the rule, shifting their focus to the other aspect of the stimuli (e.g.,
its shape). This makes it particularly hard for children to ignore the initial rule, since
they will have sorted by this rule in the whole pre-switch phase. Due to the fact that the
stimuli contain information related to both colour and shape, both of the rules will be
activated in the post-switch phase. That is why in order to succeed on the task, children

need to overcome this response conflict. Between the ages of three and four years, chil-
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dren become able to switch to the new rule flexibly by resolving the conflict between
responses (Blakey et al., 2016; Doebel & Zelazo, 2015). Three-year-olds typically find
this challenging; it is common on many switching tasks for them to fail to resolve this
conflict between responses, and therefore to keep sorting based on the pre-switch rule
when the rule changes. Conversely, four-year-olds have developed the ability to resolve

response conflict and are able to update their basis for sorting accordingly.

Figure 2
Conflicting Version of the Switching, Inhibition, and Flexibility Task (SWIFT) (Blakey et al., 2016)

Pre-switch phase (12 trials): “Touch the one that’s the same colour”
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Post-switch phase (10 trials): “Touch the one that’s the same shape™
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Note. In the Conflicting version of the Switching, Inhibition, and Flexibility Task (SWIFT), children are prompted to select one of the
colorful images presented at the bottom of the screen that corresponds to the prompt image in line with the relevant rule “Touch the one that’s
the same [colour/shape]”. In the Conflicting SWIFT, the post-switch phase involves a colorful image that corresponds to the prompt image
according to the previous rule.

Research testing how children successfully switch the rules by resolving the re-
sponse conflict between the ages of three and four-years has been enormous. Particular-
ly, different versions of the DCCS have been designed to test how experimental
variations help children resolve the response conflict better (Doebel & Zelazo, 2015).

For example, children were found to switch better when they label the cards to be sorted
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explicitly by themselves (for “card-labelling” versions: Doebel & Zelazo, 2013; Muller
et al., 2004). In addition, when the post-switch dimension is made more salient, chil-
dren’s switching performance increases whereas when the post-switch dimension is
made less salient, children’s switching performance decreases (for “perceptual salience”
versions: Fisher, 2011a, 2011b; Jordan & Morton, 2008). Furthermore, physically segre-
gating the values for different dimensions (separating the colour information and the
shape information such as a yellow-filled circle presented next to an outline of a car)
was related to better switching ability in a way that full degree of segregation yielded
the most successful outcomes (for “dimensional separation” versions: Diamond et al.,
2005; Kloo & Perner, 2005; Kloo et al., 2010). These experimental versions of the
DCCS are important in helping us better eliminate the various ways through which chil-

dren can avoid making perseverative errors by resolving the response conflict.

However, the contemporary view of CF suggests that in addition to making perse-
verative errors, children can make switching errors for different reasons. That is, chil-
dren can make switching errors due to inattention or distraction (Carroll et al., 2016)
and thus characterizing CF as only being able to resolve the response conflict seems to
be problematic. To illustrate, Chevalier and Blaye (2008) developed the Preschool At-
tentional Switching Task-3 (PAST-3) which is a three-item task array that asks children
to perform an intra-dimensional switch. That is, in the PAST-3, instead of switching
from shape to colour, children are asked to switch within the same dimension such as
switching from choosing blue items to choosing yellow items. Crucially, the task array
had three different response options that reveal a different type of response: Selecting
the yellow object would count as a successful switch; selecting a blue object would
count as perseverating with the original rule; and selecting a green object would count
as making a distraction error — in other words, neither a successful switch nor persever-
ation. When children were given the chance to respond to this less constrained task, the
researchers found that three-year-old children committed a similar proportion of distrac-
tion errors and perseverative errors. Hence importantly, CF tasks that solely assess per-
severation tend to omit a crucial aspect of CF behavior that children could display
(Chevalier & Blaye, 2008; Deak & Narasimham, 2003).

When switching tasks allow for different kinds of error, the eventual data is likely to
be richer compared to the data derived from the typical CF tasks. To be able to analyse

this kind of data, an analysis that could detect the important information behind chil-
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dren’s different kinds of switching errors - beyond the number of correct responses
would be needed (Carroll et al., 2016). One way of doing this is to distinguish between
various performance patterns in the data, which describes qualitatively different switch-
ing performances (van der Maas & Straatemeier, 2008). By observing children’s whole
post-switch performance, different patterns of performance can be detected such as
whether children successfully switch during all trials of the post-switch phase, or wheth-
er children consistently perseverate during all trials of the post-switch phase or whether
children change between switching and perseverating during all trials of the post-switch
phase. An important example of this was seen in work that used the Latent Markov
Models to observe children’s switching performance during the whole post-switch
phase (van Bers et al., 2011). That is, when three to five-year-olds’ performance in all
trials during the post-switch phase was observed, three different performance patterns
were detected. These performance patterns include children who successfully sorted by
the new rule in all trials of the post-switch phase, children who perseverated by the pre-
vious rule in all trials of the post-switch phase, and children who changed back and
forth between sorting successfully by the new rule and perseverating by the previous

rule.

More various performance patterns were also observed in two to four-year-olds.
Blakey and colleagues (2016) assessed CF in young children by using the ‘Conflicting
SwIFT’ where children must overcome the response conflict in order to switch the rules
successfully and the ‘Distracting SWIFT” where children must ignore distracting unre-
lated information in order to switch the rules successfully. Researchers examined two to
four-year-olds’ performance across all trials of the post-switch phase by using the Latent
Markov Models and the results yielded three different performance patterns. These per-
formance patterns include children who switched to the new rule successfully, children
who perseverated by keep using the no-longer relevant rule, and children who alternated
between sorting correctly and sorting perseveratively along the course of the post-switch

trials (For comparable work in older children, see also Dauvier et al., 2012).

Cognitive Flexibility from Five to Six years

Around the age of five years, children are capable of more enhanced forms of switch-
ing, and are much more dynamic in the types of behavior they display. By this age, five
to six-year-olds have typically mastered switching from one rule to another and started

to display the ability to switch multiple times, back and forth, between different rules.
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At the age of five to six years, children can also concentrate on tasks for longer periods
of time and comprehend instructions for more complicated tasks (Cragg & Chevalier,
2012). They are obviously not yet at adult levels of switching, and there remain a num-
ber of important developments children are still to undergo, in terms of the speed and
consistency of their switching (Chevalier & Blaye, 2009). However, these developments

are arguably more quantitative in nature than qualitative.

One classic method to examine CF in children with five-year-olds is to use the bor-
der/star version of the DCCS where children need to remember when to sort by different
rules. In the border/star version of the DCCS, children need to sort by one rule (e.g.,
colour) when there is a border/star around the test card while children need to sort by the
other rule (e.g., shape) when there is no border/star around the test card (Zelazo, 2006).
This more challenging version of the DCCS is used to examine developmental changes
in the switching ability of older children and adults. Studies using this version found
that the number of the correct post-switch responses of five to six-year-olds was signifi-
cantly higher than the number of the correct post-switch responses of four-year-olds
(Hongwanishkul et al., 2016). The results reflected significant age-related development
on the number of correct switching from five to six-years of age (Carlson, 2005). The
quantitative increase in the number of correct switching during five to six-years of ages
in this version suggests that CF continues to develop during school period in which CF
is supported by the improvements in executive functions. That is, individual differences
in the ability to maintain information in mind is likely to differentiate whether children

switch correctly or not (Chevalier & Blaye, 2009).

It is around six years that we see a methodological improvement, from using accura-
cy and error rates as the basis of task performance, to using response time. To examine
developments in CF after five years of age, researchers have started to use different
computerized paradigms involving multiple rule switches, and where the indices of task
performance are based on calculations derived from response time, rather than accuracy
(Best et al., 2009). CF in this period is likely to be tested by investigating switch costs
and mixing costs (Cragg & Nation, 2009). Switch costs are described as the additional
processing required to sort by a rule, having on the previous trial sorted by a different
rule. Switch costs are usually measured by deducting the average response time on non-
switch trials from the average response time on switch trials. On the other hand, mixing

costs are a monitoring cost, characterized as the cost of having to maintain the option to
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switch. Mixing costs are calculated by deducting the average response time on non-
switch trials where the sorting rule does not change from the average response time on
non-switch trials where the sorting rule could change, but this did not occur. From five
to 11-years of ages, switch and mixing costs start to decline significantly (Chevalier &
Blaye, 2009; Davidson et al., 2006). These studies indicate that assessing CF through
computerized tasks is likely to be helpful because this method enables researchers to
make very precise assessments about behavioral outcomes of CF by noting subtle dif-
ferences in response time. However, as the manuscript focuses on early CF development
where response times are less reliable, the importance of response time in CF will not be

discussed further.

However, five to six-years of age is not the end point of CF development, and there
remain a number of important developments still to occur during adolescence and adult-
hood (Best & Miller, 2010). For example, thinking and acting become more flexible
(e.g., being able to switch consistently between an increased number of rules) and the
switching costs continue to decrease during adolescence and adulthood (Davidson et al.,
2006; Reimers & Maylor, 2005). The development of CF in adolescence and adulthood
is usually assessed by using Wisconsin Card Sorting Task (WCST; Grant & Berg, 1948),
which is similar to the DCCS in terms of sorting cards based on different rules. Howev-
er, unlike the DCCS, the rules are required to be determined by interpreting the feed-
back from the experimenter in the WCST (Buchsbaum et al., 2005). Alternatively, the
Minnesota Executive Function Scale (MEFS; Carlson & Zelazo, 2014) has been more
recently developed to assess executive functions in general, including CF from two to
80-years of age through different computerized tasks. Studies using these tasks show
that CF continues to develop in adolescence and adulthood (Huizinga & van der Molen,
2007; Perone et al., 2018). Nevertheless, because the focus of the current paper is on
early childhood and presenting a revised understanding of how CF first emerges, the
developments occurring during adolescence and adulthood will not be further covered

in this section.

The Contribution of Domain-General Skills to Cognitive Flexibility

The paper has discussed age-related changes in CF, and it will now talk more broad-
ly about the domain general skills that underpin CF. Developments in CF are known to
be underpinned by improvements in a range of domain-general skills (Blakey et al.,

2016). The most important skills in this regard are basic control of attention and early
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representational skills such as language, which underpin the development of CF in the
first two years of life; as well as inhibitory control and working memory, which support

the development of CF from around three years onwards.

During the first two years of life, early CF skills are supported by attentional control
abilities and language. Both of these abilities have been shown to be important for the
early development of goal-oriented actions (Hendry et al., 2016). That is, as children
direct their attention to and verbalize the relevant aspect of a stimulus, they tend to have
greater mental representations of the relevant information about the stimulus (Marco-
vitch & Zelazo, 2009). As a result of the greater mental representations, children can
display increased control on directing or modifying their behavior (Kuhn et al., 2016).
For instance, Miller and Marcovitch (2015) examined how attention and language abili-
ties of 14-month-olds are related to executive function abilities of those children when
they are 18 months of age. The findings demonstrated a positive correlation between
children’s performance on a variety of executive function measures and their attentional
and language abilities, as measured by the frequency of focusing on others’ behaviors
and early vocabulary, respectively. Even in younger children, correlations between ex-
ecutive functioning and attention have been documented. Researchers showed that ex-
ecutive function abilities of 14-month-olds were significantly predicted by the
attentional abilities of those children when they were at four months of age (Devine et
al., 2019). Thus, the foundation of CF is supported early in life by attentional and lin-

guistic processes.

Inhibitory control and working memory have been found to underpin CF develop-
ment from around three years, with each making a distinct contribution to successful
switching behavior. For instance, Blakey and colleagues (2016) tested how inhibitory
control and working memory contribute to two- to four-year-olds’ switching behavior
by using different versions of the SWIFT: A Distracting SWIFT and a Conflicting SWIFT.
In the Distracting SwWIFT, without having the need of resolving the response conflict,
children should update their sorting from the old rule to the new rule. Conversely, in the
Conflicting SWIFT, children should update their sorting rule while also considering the
response conflict because in that version of the SWIFT children could continue to sort
by the previous rule when the rule changed. It was found that switching when there is no
conflict to resolve was associated with higher inhibitory control scores. On the other

hand, switching when there is a conflict to resolve was associated with higher working
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memory scores (Blakey et al., 2016). This offers that inhibitory control tends to contrib-
ute to CF through allowing children to disregard task-unrelated information while work-
ing memory tends to contribute to CF through allowing children to maintain and update

the new sorting rule.

Conclusion and Future Directions in Cognitive Flexibility Research

The present paper has reviewed the development of CF and has outlined important
recent advances in its assessment and analysis. It concludes that CF is best conceived of
as an example of the flexible goal-oriented behavior that children learn to produce grad-
ually during the first six years. It also highlights the importance of recognizing the com-
plexity of children’s switching behavior. As a consequence, when assessing this
behavior, it is essential that researchers use tasks that allow children to respond freely,
and analytic techniques capable of capturing the complexity of such responses. In the
light of these recent developments, the existing theories of CF need to be updated so
that they offer explanations about the development of CF more inclusively; through
considering different kinds of switching behavior (e.g., overcoming distractions) that
happens across a broader age range (e.g., from infancy and toddlerhood and to adoles-
cence) and that is supported by more diverse kinds of abilities (e.g., attention and lan-

guage in addition to inhibitory control and working memory).

Recent advances in CF research have highlighted a number of important points to be
taken on board in future research. First, it is important to see CF not as a stand-alone
executive function that emerges spontaneously at around three to four years of age; but
rather as an integral part of the kind of flexible goal-oriented behavior that emerges
gradually during the first six years of life (also see Doebel, 2020). This point bears em-
phasizing, not merely to situate research within an appropriate context, but also to avoid
any tendency to rely on single tasks as the “best” measure of CF. Indeed, it is important
for future research to develop multiple measures of CF that can be used in early child-
hood, as using multiple tasks and creating latent variables help minimize any error due
to task impurity (Best et al., 2009; Hughes & Graham, 2002; Miyake et al., 2000).

Second, when studying the development of CF, it is essential to realize that children
can respond to switching tasks in a variety of ways. Therefore, the tasks used to assess
CF should reflect this variety. A criticism consistently levelled at the DCCS task is that

its design only allows children to make perseverative errors since the two possible re-
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sponse options are to sort correctly by the post-switch rule, or incorrectly by the pre-
switch rule (Carroll et al., 2016). It is known that children can make distraction errors or
errors of inattention, so researchers should opt to use switching tasks that allow a broad-

er range of behaviors.

Third, because children are capable of responding in qualitatively different ways
when attempting to switch, researchers need advanced analytic techniques that can cap-
ture these differences. It is apparent from the line of work that was explained in previous
sections that simply calculating the total number of successful switches in a block of
trials is likely to miss crucial and informative aspects of children’s performance so more

precise analytic approaches should be considered.

Fourth, to properly unpick the mechanisms underpinning flexible goal-oriented be-
havior in children, it is essential to look at contributing domain-general processes. It is
known that inhibitory control and working memory promote switching in the preschool
and early school years. Conversely, there are a number of studies that show early
goal-oriented behavior is supported by attentional control and language abilities, though
the precise nature and duration of this support remains to be elucidated by future re-

search.
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