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The world of the infant is not a “blooming, buzzing confusion” 
as was once thought (James, 1890, p. 488). Instead, infants 
rapidly detect regularities in their environments to bring order 
to what they see and hear (Romberg & Saffran, 2010). This 
sensitivity to regularities allows infants to quickly learn rou-
tines, but it comes at a price: Infants and children show strik-
ing limitations in their abilities to break out of habitual ways 
of thinking and behaving. 

For example, after repeatedly watching a toy being hidden 
in one location, infants rapidly detect the regularity of where 
the toy usually is and learn to search there. Then, even after 
seeing the toy hidden in a different location, infants continue 
to search for it in the first location (Piaget, 1954). Similarly, 
children can rapidly learn a habit of sorting cards by one rule 
(e.g., sorting on the basis of color), and they continue to follow 
this rule even after being instructed to switch to a new rule 
(e.g., sorting on the basis of shape; Zelazo, Frye, & Rapus, 
1996).

Overcoming such perseveration constitutes an important 
developmental process that is predictive of success in life 
(e.g., academic achievement, health, and income; Blair & 
Razza, 2007; Moffitt et al., 2011). How do children progress 
from searching where they last found a toy, to flexibly break-
ing away to search in new locations, to flexibly breaking away 
from playing to put away toys when told? How do they then 

progress to flexibly moving between activities on their own 
and, ultimately, to planning errands or a vacation? How do 
people achieve these fundamental aspects of what it means to 
grow up?

We and others have focused on the development of abstract 
goal representations actively maintained in working memory 
(Bunge & Zelazo, 2006; Morton & Munakata, 2002a). Abstract 
representations (e.g., for the goal of sorting cards by color) 
encompass individual examples (e.g., red, blue, orange), cod-
ing for their shared features (e.g., being colors, as opposed to 
being shapes or items on a shopping list) while generalizing 
over differences (e.g., in color). Building on the well-established 
role of prefrontal cortical regions in supporting such goal rep-
resentations (Miller & Cohen, 2001; Fig. 1), we have formu-
lated a unified framework for understanding how these regions 
support executive functions like inhibitory control (Munakata 
et al., 2011) and the development of these functions (Fig. 2). 
Here, we describe how the development of abstract goal repre-
sentations can support three key transitions toward more flex-
ible behavior.
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Abstract

The ability to flexibly break out of routine behaviors develops gradually and is essential for success in life. In this article, we 
discuss three key developmental transitions toward more flexible behavior. First, children develop an increasing ability to 
overcome habits by engaging cognitive control in response to environmental signals. Second, children shift from recruiting 
cognitive control reactively, as needed in the moment, to recruiting cognitive control proactively, in preparation for needing it. 
Third, children shift from relying on environmental signals for engaging cognitive control to becoming more self-directed. All 
three transitions can be understood in terms of the development of increasingly active and abstract goal representations in 
the prefrontal cortex.
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Transition 1: From Perseverating to 
Overcoming Habits When Directed

Children first become increasingly able to overcome habits in 
response to environmental signals. Within our framework, 
these developments are driven by improvements in the ability 
to maintain information that is relevant to goals. For example, 
infants gradually become better at maintaining concrete infor-
mation, such as a toy’s new hiding location, in the face of 
delays and distractions. As children develop increasingly 
abstract representations, they can start maintaining informa-
tion such as task rules.1 These actively maintained representa-
tions provide top-down support for goal-relevant thoughts and 
behaviors (Fig. 1). Such cognitive control allows children to 
respond flexibly to changes in their environment rather than 
falling back on habits (Fig. 2).

This framework has been implemented in biologically based 
neural-network models (e.g., Chatham, Yerys, & Munakata, in 
press; Morton & Munakata, 2002a), which have simulated  

developing cognitive control and have led to counterintuitive pre-
dictions. For example, children who perseverate in sorting cards 
according to an old rule (e.g., sorting a card depicting a red truck 
on the basis of its color, despite being instructed to switch to sort-
ing cards on the basis of shape) nonetheless seem to know where 
the cards should go, correctly answering questions such as 
“Where do trucks go in the shape game?” (Zelazo et al., 1996). 
Our framework explains such dissociations in terms of the 
strength of required goal representations (e.g., to sort by shape). A 
weak representation suffices when no information is presented 
that is relevant to the old rule (as with questions that focus on the 
new rule). A stronger representation is needed to overcome con-
flict when information is presented that is relevant to the old rule 
(as with cards that include both color and shape information). We 
thus predicted that such dissociations should disappear when 
measures are equated for conflict (e.g., sorting a card depicting a 
red truck and answering “Where do red trucks go in the shape 
game?”). This prediction has been confirmed (Munakata & Yerys, 
2001; see also Morton & Munakata, 2002b), challenging the 

Fig. 1. A well-established characterization of prefrontal cortical regions in cognitive control, 
which we build upon in our framework for understanding key developmental transitions in 
cognitive control. The illustration shows two distinct pathways: one for finding a toy, and one for 
naming as many foods as possible in a brief period. Goal representations (e.g., “Get the toy car”) 
are maintained in working memory and supported by the sustained firing of neurons in prefrontal 
cortical regions. (a) These goal representations provide top-down support, via excitatory 
connections from the prefrontal cortex (green arrows), for relevant options represented in 
posterior cortical brain regions, causing goal-appropriate representations (e.g., a toy’s current 
hiding location) to become more strongly activated (b). The specific posterior cortical brain 
regions involved will depend on the task. Representations compete with one another via inhibitory 
connections (red t-bars), allowing the most active, goal-appropriate representations to win out 
over alternatives (e.g., the toy’s previous hiding location) and thus guide behavior (c). In this way, 
goal representations can support flexible behaviors over habitual ones (as in the search for the 
toy car). Goal representations can also support selection among multiple competing options, as 
with the goal of  “Think of foods,” which activates the subgoal of  “Think of fruits”; this subgoal, 
in turn, provides top-down support for a more limited pool of food items, helping to resolve the 
competition and support a choice. By providing top-down support for relevant options in this 
way, such goal representations could also potentially interfere with more bottom-up learning of 
regularities in the world.
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characterization of children as showing “knowledge–action”  
dissociations and highlighting the importance of goal representa-
tions in overcoming conflict.

Goal representations also provide top-down support to speed 
responses and to support generalization to new situations. For 
example, strongly representing a new abstract rule based on shape 
(as flexibly switching children are thought to do) should speed the 
processing of thoughts and behaviors related to shape and allow 
this rule to be applied to novel shapes. Our framework thus leads 
to two additional predictions that have been confirmed. First, 
although all children can correctly answer simple questions about 
what they should be doing (e.g., “Where do trucks go in the shape 
game?”), children who flexibly switch between rules answer such 

questions faster than children who perseverate with old rules 
(Blackwell, Cepeda, & Munakata, 2009). Second, although chil-
dren who perseverate seem dramatically stuck on old behaviors 
(e.g., sorting red and blue cards), they cannot generalize their 
behaviors to new stimuli (e.g., instead sorting orange cards ran-
domly), whereas flexibly switching children can (Kharitonova, 
Chien, Colunga, & Munakata, 2009).

Transition 2: Reactive to Proactive Control
Many developmental theories have assumed that in the tempo-
ral dynamics of how goal representations are activated, children 
are like adults, only less skilled. For example, even infants have 

Fig. 2. Increasing robustness and abstractness of goal representations and transitions in cognitive 
control. As development progresses, children’s goal representations shift from concrete objects 
toward increasingly abstract goals (as shown on the x-axis) and become more robust in the face of 
distraction and delay (y-axis). Increasingly robust representations support active maintenance of goals 
in working memory, which provide top-down support for goal-relevant representations; increasingly 
abstract representations support selection from among options by providing top-down support for a 
limited pool of competitors. These increasingly robust, abstract goal representations support three key 
developmental transitions in cognitive control. First, they support increasingly flexible goal-appropriate 
behaviors over habitual ones in response to signals from the environment (e.g., searching for a toy in 
a new hiding location after seeing it hidden there and, later in development, sorting cards according 
to a new abstract rule when instructed). Second, they allow such cognitive control to become less 
externally driven and more self-directed (e.g., sorting cards according to a new, self-generated abstract 
rule and, later in development, switching among more abstract, self-generated categories, as in the 
verbal fluency task). Third, they allow such cognitive control to become less reactive and more 
proactive (e.g., maintaining abstract goals over a sufficiently long period and in the face of distraction 
to support planning errands or a vacation). Although robust representations could be viewed as most 
critical for proactive control, and abstract representations could be viewed as most critical for self-
directed control, developments in both aspects of goal representation support increasingly proactive, 
self-directed control (as shown along the diagonal line in this illustration, and discussed in the Variability 
Across Tasks section). Thus, these developmental transitions can occur in concert.
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been viewed as proactively maintaining goal-relevant informa-
tion (e.g., the location of a hidden toy) until it is needed (e.g., 
when they are allowed to search), just less effectively than 
adults (e.g., Diamond, 1991; Munakata, 1998). However, recent 
work suggests that children use a qualitatively different, reac-
tive form of cognitive control, which is recruited on a more as-
needed basis (Andrews-Hanna et al., 2011; Chatham, Frank, & 
Munakata, 2009). We interpret the developmental transition 
from reactive to proactive control in terms of children’s increas-
ing ability to maintain robust goal representations.

Striking evidence for this transition has been observed in the 
AX continuous performance task (AX-CPT), in which people 
must provide a target response to a frequent sequential pair of 
stimuli (A followed by X) and a nontarget response to all other 
pairs (Braver, Gray, & Burgess, 2007). Eight-year-olds proac-
tively maintain the first stimulus in each pair and use it to prepare 
their response. In contrast, 3-year-olds show no sign of maintain-
ing the first stimulus; instead, they retrieve it reactively, when 
needed in the face of an X stimulus. These contrasting approaches 
are evident in distinct profiles of errors, reaction times, and 
effort (Chatham et al., 2009). Eight-year-olds show relatively 
more difficulty than 3-year-olds when the A stimulus is fol-
lowed by a Y stimulus—a case in which lack of preparation 
actually benefits performance, because it does not bias children 
toward preparing an incorrect target response. Conversely, 
when the first stimulus (a B) fully predicts the nontarget 
response, 3-year-olds show more difficulty than 8-year-olds—
as though failing to adequately prepare a nontarget response in 
advance. Moreover, 3-year-olds exert more effort (indexed by 
pupil diameter, Beatty & Lucero-Wagoner, 2000) after the sec-
ond stimulus in a pair is presented, an effect consistent with 
reactive engagement of cognitive control in that moment, 
whereas 8-year-olds exert more effort after the first stimulus is 
presented, an effect consistent with proactive maintenance of 
this information until it is needed (Chatham et al., 2009).

This qualitative shift in the temporal dynamics of control 
may arise from gradual changes in the ability to robustly and 
actively maintain abstract information (Fig. 2). Younger chil-
dren may be unable to proactively prepare for even the pre-
dictable future, because they cannot maintain relevant 
information across delays or in the face of distractions. As 
their capacity for active maintenance increases across devel-
opment, it increasingly becomes sufficient to support proac-
tive control. Such developments may support additional 
aspects of future-oriented thinking, such as monitoring for 
goal-relevant cues (e.g., a store, when the goal is to buy milk) 
rather than relying on such cues to serve as reminders  
(Einstein et al., 2005).

Transition 3: Externally Driven to  
Self-Directed Control
As children become increasingly skilled at actively maintaining 
goals to support flexible behavior, their early successes often 
occur with exogenous (externally driven) goals (e.g., stopping 

playing and putting away toys when told) and only later with 
endogenous (internally generated) goals (e.g., turning off the TV 
and doing homework without being prompted). For example, 
4-year-olds can switch between two rules for sorting cards when 
an adult tells them the new rule (Zelazo et al., 1996). However, 
when children are simply asked to sort cards in “a new way,” 
without being told what rule to switch to, children younger than 7 
perseverate on the old rule (e.g., Jacques & Zelazo, 2001; Smidts, 
Jacobs, & Anderson, 2004). Under even greater endogenous 
demands, performance improves through adolescence (e.g. Kave, 
Kigel, & Kochva, 2008). For example, the verbal fluency task 
requires generating as many items as possible from a category 
(e.g., foods) in 1 minute. Maximal performance requires cluster-
ing (producing words within semantic subcategories) and switch-
ing (shifting between subcategories). People must thus 
endogenously detect the need to switch (e.g., when they cannot 
think of more vegetables) and select what to switch to (e.g., fruits, 
meats, or desserts). Children often fail (e.g., naming five fruits 
and declaring that there are no more foods).

Giving children some initial support in activating abstract 
representations helps them subsequently act in a self-directed 
manner. When children are provided with subcategories 
designed to induce the use of abstract representations (e.g., 
“vegetables are foods”) before completing the verbal fluency 
task, they endogenously switch among subcategories more 
than do children who are given examples (e.g., “broccoli is a 
food”; Snyder & Munakata, 2010). This benefit also extends 
to subcategories that were not provided.

The transition from exogenous to endogenous control can 
thus be understood partly in terms of the development of 
increasingly active, abstract goal representations (Fig. 2). 
Abstract representations provide top-down support for rele-
vant category members, making it easier to select a response 
(Fig. 1). For example, instead of selecting from all category 
members (many competing responses), abstract representa-
tions can limit competing items to the small pool in the subcat-
egory or, when switching, to the small pool of other 
subcategories. Thus, whether planning errands or a vacation, 
actively maintaining abstract representations of goals (e.g., 
going to the grocery store and the hardware store, as opposed 
to buying milk, nails, and bread) should guide the selection 
processes that are critical for self-directed behavior. As chil-
dren develop increasingly abstract representations, these 
should help them to control and sequence their own behavior 
without strong environmental support.

Current and Future Directions
Many questions remain regarding these developmental transi-
tions and their implications.

Variability across tasks
Children’s abilities can appear quite different across tasks 
(“horizontal décalage,” in Piagetian terms), in ways that can 
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shed light on processes supporting behavior and development 
(Munakata, 2001). For example, depending on the task, the 
shift from reactive to proactive control could seem complete 
by infancy (Diamond, 1985), 8 years (Chatham et al., 2009; 
Lorsbach & Reimer, 2010), or postadolescence (Andrews-
Hanna et al., 2011; Finn, Sheridan, Kam, Hinshaw, & 
D’Esposito, 2010). Similarly, shifts from externally driven to 
self-directed control are observed from childhood through 
adolescence, across different tasks (Jacques & Zelazo, 2001; 
Kave et al., 2008; Siklos & Kerns, 2004). Even adults can find 
it easier to rely on reactive or externally driven control (Braver 
et al., 2007; Forstmann, Brass, Koch, & Cramon, 2005).

Our framework suggests that this variability may arise 
partly from the interdependence of active and abstract repre-
sentations. Children may engage in self-directed control when 
they need to maintain abstract representations only briefly 
(e.g., naming foods in 1 minute). Self-directed control in other 
contexts (e.g., planning to buy these foods) requires later-
developing abilities to maintain abstract representations over 
longer periods and in the face of greater environmental dis-
traction. Similarly, infants may have sufficiently robust active 
maintenance of concrete representations (e.g., a hidden toy) to 
support proactive control. However, proactive control in other 
contexts requires the robust maintenance of later-developing 
abstract representations (e.g., task rules). In addition, proac-
tive control is energetically costly because of its reliance on 
sustained firing of prefrontal neurons; it may thus be engaged 
more when it is clear what information should be maintained 
to succeed in a given situation (Locke & Braver, 2008; e.g., a 
hidden toy’s location may be more clearly predictive of suc-
cess than arbitrary game rules).

Applications
Given the importance of executive functions, one might ask 
whether their development can be accelerated or effective 
alternative approaches should be encouraged. Some aspects of 
executive function can be trained in children (Diamond & Lee, 
2011). Our framework suggests that such training works in 
part by supporting the use of abstract goal representations. In 
this case, we would expect training to also improve children’s 
proactive, self-directed cognitive control. Children’s ability to 
shift from old habits can also be dramatically improved by 
scaffolding them to build up new habits (e.g., Brace, Morton, 
& Munakata, 2006). This approach taps children’s reliable 
learning of regularities, but these new habits are unlikely to 
generalize well. Another possible strategy is encouraging 
reactive control before children can effectively employ proac-
tive control (e.g., providing children with cues that encourage 
them to recall instructions when needed, instead of providing 
instructions that require children to plan in advance).

The consequences of such approaches are unclear, how-
ever. On the one hand, encouraging less mature forms of cog-
nitive control could delay the development of more mature 
forms. On the other hand, using reactive control might support 

the learning of regularities that ultimately aid proactive con-
trol (e.g., learning what information should be maintained to 
succeed in a given situation). Similarly, programs that improve 
executive functions may benefit children who are struggling; 
however, improvements in executive function may bring some 
cost in learning regularities in the world, given that top-down 
goals (e.g., to search where a toy was just hidden) can override 
the learning of regularities (e.g., regarding the toy’s most fre-
quent hiding location; Thompson-Schill, Ramscar, & Chrysikou, 
2009). For example, strongly maintained goals can lead to a 
confirmation bias, whereby expectations about what should 
happen interfere with learning regularities about what actually 
happens (Doll, Hutchison, & Frank, 2011).

Conclusion
Every adult was once a perseverating child. Perseveration 
makes sense, to the extent that strong habits reflect our abili-
ties to quickly learn regularities. But developing increasingly 
active and abstract goal representations that allow us to over-
come habits also makes sense. Such representations allow us 
to respond flexibly to new situations, to engage cognitive con-
trol in a preparatory way rather than only in the moment, and 
to engage cognitive control on the basis of our assessment of 
the need for it rather than requiring signals from the environ-
ment. Understanding these fundamental developmental transi-
tions should allow us to better understand children’s struggles 
and potentially improve their outcomes.
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Note

1. These developments likely reflect effects of both learning and brain 
maturation, within prefrontal cortical regions and in the development 
of large-scale, distributed networks of brain regions. For example, the 
formation of increasingly abstract goal representations may be sup-
ported by the maturation of anterior prefrontal cortex and by the build-
ing of representations from the bottom up, with the formation of more 
concrete representations providing the foundation for the formation of 
more abstract representations (Bunge & Zelazo, 2006). Similarly, the 
increasing ability to maintain representations over delays and distrac-
tions may be supported by both maturational changes in prefrontal 
cortical regions and associated networks for sustaining neuronal firing 
(Edin, Macoveanu, Olesen, Tegner, & Klingberg, 2007) and learning 
processes that detect the utility of maintaining goal-relevant informa-
tion (e.g., O’Reilly & Frank, 2006).
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