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Executive Summary

Executive functions (EFs) are a group of cognitive functions (working memory, inhibitory control, flexibility) that are necessary
for the cognitive control of behavior.

EFs can be trained: lab training showed improvements in EFs and brainwave changes as neural correlates of those
improvements.

A number of kindergarten curricula have been shown to improve EFs.

Not all curricula train EFs. The most effective ones involve repeated activities that are not too easy or too difficult, in which
the requirements of EFs are increased when possible, depending on performance.

Including EF training through curricula can be beneficial for kindergarten children’s cognitive development, especially for
disadvantaged children.

It is important for teacher training programs to include information about early EF training and for educators of young
children to understand EF training.

Executive functions (EFs)

What are the cognitive and emotional abilities that children need to be successful in school and life? Tomorrow’s adults will
need a high level of proficiency in their executive functions (EFs), a group of cognitive processes necessary for the cognitive
control of behavior[1] (Diamond, 2013). Just as an air traffic control system at a busy airport safely manages the arrivals and
departures of many aircraft on multiple runways, we need this EF skill set to filter distractions, prioritize tasks, set and achieve
goals, and control impulses[2]. In this brief, “executive functions” and “self-regulation skills” are treated as synonyms because
both depend on working memory, inhibitory control, and mental flexibility. There is some agreement that these are three
basic components of EFs[3]. These components (and their neural bases) are described in detail in another brief in this series
(https://solportal.ibe-unesco.org/articles/executive-function/). This brief focuses on training EF skills in the kindergarten
classroom.

It is important to develop EF skills because they are building blocks for later academic achievement, socioemotional
adaptation, and general well-being (https://solportal.ibe-unesco.org/articles/executive-function/). Therefore, it is a desirable
objective of kindergarten to promote the development of EFs. In fact, some kindergarten curricula include EF skill
development as an explicit objective (e.g., [4]). This objective may be particularly significant for children growing up in poverty,
for two reasons. First, poor children’s EF achievements tend to be lower than their more wealthy peers’ when entering
kindergarten[5]. Factors associated with living in poverty (for example, higher stress, lower parental education, and fewer
educational resources available) are also associated with lower scores on EF tasks. Second, lower socioeconomic status
children tend to benefit the most from interventions aimed at EF training (e.g., [6]). Indeed, in studies that have reported
positive effects of EF training, the training was more (and sometimes only) beneficial for disadvantaged children or children
with lower EF development[7]. Thus, knowing how to improve EFs in kindergarten classrooms seems to be important for all
educators and policymakers, but especially for those working with poor children.

EF training outside the curriculum

Before looking at some curricular studies, it is important to note that research studies involving other forms of EF training
have confirmed that EFs are trainable. Numerous outside-the-classroom studies have reported improvements in EFs in young
children after training, most using computerized EF training programs (for example, 8-10). For example, in a study conducted
in Sweden[10], 4- and 5-years old children were divided into four groups: one of them received computerized working memory
training, the second one received inhibitory control training, the third one played computerized games requiring low EF and
the fourth group did not receive any intervention. All children were evaluated before and after the training or control activities
various with EF tests. Activities in all groups lasted 15 minutes a day for 5 weeks and working memory, as well as inhibitory
control training, consisted in games that continuously adapted the difficulty to each child’s performance: three correct trials
were required in order to advance to the next level. Results showed that working memory training improved children’s scores
in all working memory tasks significantly more than the control groups; also, children in the inhibitory control group improved
their inhibition scores in two out of three tasks more than controls.
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In addition to evidence for change in EF behaviors with outside-the-classroom training in young children, there is some
evidence for change in EF-related neural processing. One study[11] measured the behavioral and neural impact of a laboratory
computerized cognitive training program based on promoting reflection on a computerized version of a widely used cognitive
flexibility task (named Dimensional Change Card Sort). The task requires classifying draws according to one rule (e.g., color)
and later flexible change to classify according to a second rule (e.g., shape), inhibiting the first rule. A group of 18 preschoolers
played one session of that while receiving reflection training (consisting of questions to think about the rules of the game);
two comparison groups of 16 and 17 children received also one session of corrective (i.e., “right/no”) or no feedback at all. After
those activities, a change in a brainwave measure of inhibitory control (called the reduction of the N2 amplitude) was seen
only in the reflection training group, not in the comparison group. Also, children in the reflection training group improved their
scores in the game significantly more than the other groups. In sum, this study shows there is neuroplasticity associated with
EFs improvements.

EF training as part of the curriculum

The Tools of the Mind curriculum for preschoolers[12] includes numerous brief activities that were designed, in theory, to
promote EF development. For example, activities encourage students to tell oneself out loud what one should do. This is also
known as “private speech”, an important component of planning[13]. The curriculum also includes dramatic play, which requires
a child to remember the role they will play while playing it (thereby using the EF working memory) without becoming
distracted (thereby using the EF inhibitory control), and to adapt to the contingencies of the play (thereby using the EF
flexibility). The dramatic play activities include the use of aids to facilitate memory and attention; for example, when children
have to listen to a story, they are shown an image of an ear to help them to remember that they need to be listening.

The Tools of the Mind curriculum has been tested in research studies to see if it does actually affect the development of
children’s EF skills. For example, in one study, the curriculum was implemented by regular teachers, in regular low-income
schools in the US[14]. The teachers spent ∼80% of each day promoting EF skills through the curriculum because the training
was embedded in most classroom activities[14]. Classrooms with a total of 147 preschoolers were divided into two groups:
About half of the classrooms used the Tools of the Mind curriculum for a school year, while the other half used a curriculum
focused on literacy. EF skills were measured at the beginning and end of the school year with two computerized tasks (called
the Dots task and the Flanker task, both of which are unlike any of the classroom activities so it could not be claimed that
some children had been trained directly on these tasks). These tasks address working memory, inhibition, and flexibility.
Children who had learned with the Tools of the Mind curriculum significantly outperformed children who had learned with the
literacy curriculum across the most demanding conditions in both tasks; that is, differences between groups became evident
only when EFs were hardly challenged. It is probably reflecting that various curricula demand EFs to some extent but only
some of them strongly demand EFs.

Another study analyzed whether the Tools of the Mind curriculum changes not only children’s EF behaviors but also their
neuroendocrine functioning (that is, hormone levels)[15]. In this study, researchers divided 79 classrooms (including 759
kindergarteners) from poor schools in the US into two groups: one receiving the Tools of the Mind curriculum and the other
receiving regular education for a school year. Measuring hormone levels through samples of saliva, the researchers found
higher levels of one hormone (cortisol) and lower levels of another hormone (alpha-amylase) in children in the classrooms
implementing Tools of the Mind at the end of the year – but only in high-poverty schools; the effect was not seen in medium-
poverty schools. Measuring behavior through standardized tasks and tests, the researchers also found that children in the
Tools of the Mind classrooms showed better EF performance and higher scores on language and mathematics tests, in
comparison with children receiving regular education. The researchers conducting the study interpreted these results as
positive effects of Tools of the Mind on children’s stress response physiology (physiological support for engagement in
learning activities), EF skill development, and academic skill development.

Beyond Tools of the Mind, other curricula have also been shown to affect the development of EF skills. For example, a study
conducted in the US involving 2,018 four- and five-year-old children found that a prekindergarten curriculum that
implemented a coaching system and consistent literacy, language, and mathematics programs produced small
improvements on children’s EF skills[16].

Another study conducted in Norway found that a structured kindergarten curriculum impacted EF skill development[17]. This
study involved 691 five-year-olds in 71 schools who were exposed to a curriculum modeled on a playful learning approach[18]

and emphasizing a warm and responsive child-teacher relationship[19] for a school year. In comparison with the comparison
group, significant improvements in EFs mathematics and language were observed only in the preschool centers identified as



low-quality at baseline, suggesting that a structured curriculum can reduce inequality in early childhood learning
environments.

In addition, use of various other curricula has been associated with improvements in some EF behavioral outcomes in
preschoolers (e.g., [20-22]). However, other studies have reported no effects of curriculum on EF development and still others
have reported mixed effects (see [23] a critical review on this issue). Further, even the Tools curriculum did not always reach
significant positive effects (see [24] for a review). Evidently, not all curricula significantly train EFs, and one curriculum showing
positive effects does not guarantee that the same curriculum will be equally effective in another context.

Key aspects of EF training in the classroom

Across studies (e.g., [1,23]), the key characteristics of successful EF training for young children appear to be:

(a) Challenging activities: Activities that train EFs should not be too easy, and not too difficult, to solve.

(b) Practice: Although a limited number of activities can be useful to train EFs, greater improvements were seen for curricula
that demand EFs across all activities, offering repeated opportunities for practice[14,20]

(c) When a certain mastery level is reached, EF demands should be incremented: As in any training, the difficulty of the task should
be progressively increased across the sequence of activities and/or within the same task for continuous improvement. If EF
demand is not incremented, few further gains will be seen[25]. Table 1 shows examples of kindergarten activities designed by
teachers and neuroscientists with the aim of training EFs in classrooms[26], with options to increase and decrease EF demand.
Thus, EF training is not about a specific exercise, but rather about a way of presenting and solving any exercise[1,23].

Table 1. Examples of kindergarten activities aimed at training EFs, with options to increase and decrease EF demands

 

Conclusion

Although kindergarten classroom activities are not the only way to train EF skills[8-10], they can be an effective way[14,16].
Training EFs in the kindergarten classroom may have some advantages. First, improving EFs early may have increasing
benefits over time and may reduce the need for costly special education later[1]. Second, with enough training, it can be done
by regular teachers in regular public schools (e.g., [14-17]). Third, no content needs to be replaced to conduct EF training; on the
contrary, effective in-classroom training can be embedded in regular language, math, or science curricula[17]. And finally, EF
training inside the classroom seems particularly important for disadvantaged children, who tend to show poorer EF skills and
tend to benefit the most from EF training[1]. Thus, it is important for teacher training programs to include information about
early EF training and for educators of young children to understand EF training.
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