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What are executive functions?
“The only thing that separates us from the animals is our ability to accessorize.”  Olympia Dukakis, as Clairee Belcher, Steel Magnolias, 1989.
Executive functions can be described as a collection of processes that are responsible for guiding, directing and managing our cognitive, emotional and behavioral functions. In the assessment of executive functions, we are particularly interested in their manifestation during active, novel problem-solving. Executive functions represent a collection of inter-related skills that are responsible for purposeful, goal-directed problem-solving behavior. In other words, it represents the person’s ability to maintain certain aspects of problem-solving (such as anticipation, goal selection, planning, monitoring and use of feedback) in order to attain a goal.  These abilities differ from the more basic cognitive functions (such as language, visual-spatial and memory abilities) in that they are more related to directive, cognitive control.
The reason that humans are able to engage in executive functions is simple: our brains are developed in a way that allows us to do complicated things. Humans have a better developed prefrontal cortex than other species. This is a brain region that interconnects with every distinct and functional cortical region. It is the command center of our brain, and it governs most aspects of independent, purposeful and self-regulating behaviors.

Briefly, the prefrontal cortex connects with the following brain “circuits”, in order to help us to do certain things:

The dorsolateral circuit-the primary projections of this circuit go through the basal ganglia (the part of the brain that is responsible for, among other things, purposeful movement). This circuit helps us to organize a behavioral response to solve complex problem-solving  tasks. 

The orbito-frontal cortex-this mediates empathic, civil and socially appropriate behaviors. It interconnects with the limbic system (responsible for emotional responses). Problems in this area frequently are manifested as acute personality changes.

The anterior cingulate cortex-this serves many functions, including motivational factors and linking attention capabilities with a given cognitive task. This part of the brain helps to divert the brain’s conscious energies toward either internal cognitive events (like studying) or external incoming stimuli (like listening to a lecture). 

So, even though executive functions are primarily regulated by the prefrontal cortex, you can see that they are dependent upon many complex circuits of the brain, most of which are housed within the frontal lobes. The frontal lobes direct our behavior, helping us to decide what we should pay attention to and what we actions we should take. The frontal lobes link our behaviors together so that we can use past experiences to guide our behavior and make future decisions. They help us to control our emotions and our behaviors; they help us to meet our needs and desires without causing problems for others. The frontal lobes help us to observe, assess and fine tune, allowing us to correct our behavior or choose a new strategy, based upon feedback.

Executive functions are involved, to varying degrees in many aspects of  human behavior, including learning, attention, organizational skills and emotional  functioning. They help us to selectively attend to stimuli in our environment, then they assist us in formulating both a physical and emotional response to what is happening. They help us to sift through information, and separate what is important from what is not. They help us to evaluate data and connect what we are figuring out to what we already know. Therefore, executive functions play a huge role in learning (and in teaching!). 

There are many, many aspects to address when discussing executive functions. For the purpose of this presentation, I’m organizing them into two basic categories: those involved in Behavioral Regulation, and those in involved in Metacognition. I will try to explain each “function,” and give examples of its effect upon learning. In addition, I will try to offer some strategies to address each area.

Executive Functions and Behavioral Regulation

Behavioral Regulation represents a child’s ability to shift cognitive set and modulate emotions and behavior via appropriate inhibitory control. This skill set is comprised of the ability to utilize Inhibition, Shifting Set and Emotional Control. It is thought that a child must first be able to regulate his/her behavior, before they can engage in such metacognitive processes as active, systematic problem-solving. 

Difficulties in Behavioral Regulations are often associated with attention deficit disorders of the hyperactive kind. These are the kids that are frequently out of their seat, are motorically active, have emotional outbursts, cannot move on, etc.

Inhibition
Inhibition refers to the ability to inhibit, resist, or choose not to act on an impulse. A failure to inhibit impulses is a hallmark feature of ADHD, Predominantly Hyperactive-Impulsive type. It is also referred to as Response Inhibition, and is basically the ability to think before you act. It is the ability to resist the urge to say or do something before you’ve had a chance to evaluate the situation. 

In school, children who have difficulty in this area often: need to be told “no” or “stop that”; do not think before doing; interrupt others; are impulsive; get out of their seats at the wrong time; get out of control more than their friends; act wild or out of control; cannot seem to “put on the brakes” on their actions; get in trouble if they aren’t supervised by an adult; and simply do not think about the consequences before acting. 

What level of response inhibition is developmentally appropriate? 
               By the time a child is in kindergarten, he/she should be able to act appropriately in a situation where danger is obvious (like not running into the street). He/she should be able to share toys without grabbing and should be able to wait for a short period of time when asked to do .

               By the time they reach grades 1-3 children should be able to follow simple classroom rules (like raising their hands to speak), and should be able to be in close proximity to another child without the need for physical contact. They should be able to wait until a parent gets off the phone before telling the parent something (but may still need reminders).

                  By grades 4-5 children should be able to handle conflicts with peers without a physical fight. They should be able to follow rules at home and at school without an adult being present, and should be able to calm down or deescalate from emotionally-charged situations when prompted by an adult.

                 By Middle School, they should be able to walk away from a confrontation or provocation by a peer, and should be able to say no to a fun activity if plans have already been made. They should be able to resist saying hurtful things when they are with a group of friends.
Strategies:
· Always assume that, the younger the child, the less impulse control they will have
· Help students to learn to delay gratification by using formal waiting periods for things they want to do or have. Set a timer, or use “first/then” schedules
· Require students to earn things that they want to do. Graphs or sticker charts may help here.
· Help children understand that there are consequences for poor impulse control. 
· Prepare students for situations that require impulse control. E.g., ask them, prior to recess, “OK, what will you do if there is a line for the swing?”
· Practice responses through role-playing. Using the above, practice how they will react appropriately.
· Cue the student to potential  situations that will require impulse control. E.g., before they go outside, ask “what behavior are you working on?”
· Try to identify, with the student, the triggers for the impulsive behavior, and agree on a rule to address it. The rule should focus on what the student can do to control the impulse and should have choices built in, if possible.
Shifting Set

Shifting Set refers to the child’s ability to move freely from one situation, activity or aspect of a problem to another, as circumstances demand. It encompasses the ability to make transitions, problem-solve in a flexible manner, switch or alternate attention, and change one’s focus from one mindset or topic to another.
It refers to the ability to “go with the flow” and the ability to adapt to changing conditions. It is also referred to as cognitive flexibility, or the student’s ability to revise plans in the face of obstacles, setbacks, new information or mistakes. 

In school, kids who have difficulty shifting set often: cannot get disappointments or scoldings off their minds; become upset with new situations; resist or have trouble accepting a different or new way to solve a problem; acts upset by changes in plans; are disturbed by changes of teachers or classes; resist changes in routines, foods, places, etc.; think or talk too much about the same topic; and get stuck on one topic or activity. In writing, these are the kids who get stuck on one topic throughout the passage, and have difficulty incorporating different ideas into an essay or assignment.

What level of set-shifting is developmentally appropriate?


By Kindergarten, a child should be able to recover quickly from minor disappointments, willingly share toys, and adjust to changes in plans or routines (although they may need a warning).


In grades 1-3 they should be able to play cooperatively with others and tolerate redirection by the teacher when they are not following directions. They should be able to adjust to an unplanned situation (such as a substitute teacher).


By grades 4-5, children should not become “stuck” on things, such as disappoints, slights, etc. for long periods of time. They should be able to “shift gears” when plans are changed, due to unforeseen circumstances. They should be able to do “open-ended assignments” (with some teacher assistance).


By middle school, they should be able to adjust to a variety of teachers, classroom rules and routines. They should be willing to adjust in a group situation when a peer is behaving inflexibly. They should be willing to adjust to, or accept a younger sibling’s agenda.

Strategies

· Try to emphasize environmental modifications with children who have significant difficulties with flexibility

· Try not to introduce a lot of change all at once; this reduces the novelty of the situation

· Keep to schedules and routines wherever possible

· Give the child a “script” for handling the situation; rehearse the situation in advance and walk the child through what is likely to happen and how they can use their script

· Reduce the complexity of the task. Break it down into manageable pieces.

· Give students choices; this gives them some feeling of control over the situation

· Walk the student through the anxiety-producing situation; the key is to offer the minimum support necessary for the student to feel successful

· Help the student to come up with a default strategy for handling situations where their inflexibility causes the most problems (counting to 10, walking, away, etc.)

· Have students predict different endings to a story while reading; or ask them to come up with alternate endings to books that they have already read.

· In writing, try to emphasize how to shift from the main ideas to supporting ideas; graphic organizers can help here.

· In the area of study skills, teach students to rephrase topic sentences as questions. Encourage them to use context clues to understand ambiguities and interpret questions.

· Present ambiguous words and sentences in the form of riddles or jokes; this is an enjoyable way to help explain that words have multiple meanings, and will help them to use context clues to find the correct meaning. This will aid in comprehension

· Encourage students to identify different ways to use a common object (like a brick, a cardboard box, etc.). This will help them to shift approaches and understand different uses and applications for things.

· Ask students to categorize vocabulary or spelling words into as many different categories as they can.

· Ask students to identify several different ways in which a word can be used (such as “cut”)

· Encourage students to write a story from the perspective of a common object; this teaches a shift in perspective

· Playing word and math logic games helps to develop flexible thinking, such as Boggle, Magic Squares, Sudoku, Bananagrams (my personal favorite!!!).
Emotional Control
Emotional Control refers to a child’s ability to modulate emotional responses. It is the ability to manage emotions in order to achieve goals, complete tasks, or control and direct your behavior. It is the ability to handle the ups and down of life. Poor emotional control can often be expressed as emotional lability or emotional explosiveness. It helps us modulate between our “public self” and our “private self.”

Excessive displays of emotion, or overly-controlled affect can have a negative impact upon student-teacher relationships and with peer relationships. In addition, emotional control is strongly connected to other executive functions, especially planning, organizing, self-monitoring and shifting. Conversely, students who are weak in these areas are often emotionally vulnerable.

Children who have difficulties with emotional control often: overreact to small problems; have explosive, angry outbursts; have outbursts for little reason; have frequent mood changes; react more strongly to situations than other children; their moods are easily influenced by the situation; have angry or tearful outbursts that are intense, but end suddenly; small events trigger big reactions in them; and they simply become upset too easily.

What are developmentally appropriate levels of emotional regulation?

By kindergarten, a child should be able to recover fairly quickly from a disappointment or change in plans. They should be able to use a nonphysical solution when another child takes a toy, and they should be able to play in a group without becoming overly excited.

By grades 1-3, a child should be able to tolerate criticism from an adult (such as a reprimand). They should be able to deal with perceived “unfairness” without becoming overly upset. And they should be able to adjust their behavior quickly, depending upon the situation (calming down after recess).

By grades 4-5, a child should not overreact to losing a game or not being selected for an award. He/she should be able to accept not getting their own way when playing in a group, and should be able to act with restraint in response to teasing.

By middle school, students should be able to read reactions from peers and adjust reactions accordingly. They should be able to anticipate outcomes and prepare for possible disappointment. The child of this age should be appropriately assertive (asking for help, inviting someone to dance at a school dance).

Strategies

· With younger children, regulate the environment. Avoid overstimulating environments, and have a plan to remove the child if he/she is getting out of control.

· Prepare a student by talking about what they may encounter in a situation and what they can do if they start to feel overwhelmed

· Give a student coping strategies. This may be a signal to the teacher that he/she needs a break or needs to remove themselves from the situation.

· Give the child a script to follow for problem situations

· For younger students, reading books about students who were able to use coping strategies is a good idea. This may also work for older children, if appropriate material can be found.

· Address test anxiety in specific ways. Talk to the teacher ahead of time, explaining the issues and exploring some coping mechanisms.

· In cases of poor sportsmanship, meet with the student and discuss scenarios and how he/she will handle them.

· Implement emotion-based lessons in the curriculum (like MARK, anti-bullying, etc). Have a morning meeting to discuss these topics.

· Establish classroom rules that discourage bullying and criticism of other’s ideas

· Use “stop and think” techniques.” (Turtle Technique)

· Give special attention to transition times; prepare students for expectations, etc, during transitions

· Encourage students to use self-talk and self-reflection. Have students create a list of “self-statements” to address emotional responses that impede their progress. E.g., when faced with a math test, have the student use self-talk (I’ve done these before, I can do them again; I’ll do the easy ones first, etc.)

· Intervene quickly at the first sign of distress; have a written intervention plan for kids who have significant difficulties in this area. Be calm and supportive, offer choices, reflect back feelings.

· Make students aware of the typical course of anxiety; anxiety is normal, it tends to rise, peak, then diminish. Encourage students to “ride out the feeling until it passes.” Riding the “worry wave” until you get to shore is another example.

· Use a real or imagined safe place to calm down
EXECUTIVE FUNCTIONS AND METACOGNITION

Metacognition, simply put, is thinking about thinking. With regard to executive functions, Metacognition represents the child’s ability to plan, organize, and sustain future-oriented problem-solving in working memory; it reflects a child’s ability to self-manage tasks, and monitor his/her performance. It is comprised of the ability to Initiate, Working Memory, Organization, and Planning, and Self-Monitoring.

Initiation

Initiation refers to a child’s ability to begin a task or activity, as well as their ability to independently generate ideas, responses, or problem-solving strategies. It is also called task initiation, and is the ability to begin projects or activities without undue procrastination. 

Students who have difficulties with task initiation often: are not self-starters; need to be told to begin a task, even when willing; do not show creativity in solving problems; have problems coming up with different ways to solve problems; have trouble getting started on homework or chores; and do not take initiative. In writing, they often have difficulty beginning a writing activity; they display poor idea generation, are unfocused and have problems writing independently.

What is developmentally appropriate task initiation?


By kindergarten, a child should be able to follow an adult directive right after it is given. He/she should be able to stop playing to follow an adult instruction when directed. He/she should be able to start getting ready for bed at a set time with one reminder.


By grades 1-3, he/she should be able to follow simple one or two step routines. He/she should be able to get right to work on a classroom assignment following the teacher’s instructions to begin. They should be able to start homework at an agreed-upon time with a single prompt.


By grades 4-5, a student should be able to follow a three or four-step routine that has been practiced and should be able to complete three to four classroom assignments in a row. They should be able to follow an established homework schedule (with a reminder to get started).


By middle school, they should be able to make and follow a nightly homework schedule with minimal procrastination. They should be able to start chores at an agreed-upon time and set aside a fun activity when they remember a promised obligation.

Strategies

· Reinforce prompt task initiation throughout the day

· Provide a visual cue to remind the student to begin the task. A visual schedule is an example. 

· Break overwhelming tasks down to manageable, do-able pieces.

· Have the student make a plan for when and how a task will get done

· Let the student decide how they want to be cued to begin a task e.g., a secret signal)

· For older students, provide a “coach” who will help to establish grade objectives, spell out roadblocks, and meet regularly to check progress, review teacher feedback.

· For writing, use graphic organizers or storyboards to generate ideas. For younger children, allow them to draw a picture first.

Working Memory

Working memory refers to the capacity to hold information in mind for the purpose of completing a task. It is essential in order to carry out multi-step activities, complete mental arithmetic, or follow complex instructions. Working memory can be thought of as the “blackboard of the mind,” or a kind of cognitive workspace in our brain that allows us to respond to tasks in a reflective manner, as opposed to just a reactive manner of  “spitting back what we hear.” It requires a flow of information into awareness to perform a given mental function. Short-term memory preserves information for a brief amount of time, while active working memory extends, modifies, or combines information with previously stored knowledge to perform a given cognitive task. In school, the ability to juggle multiple cognitive demands at once, such as listening and taking notes, reading and comprehending, and writing grammatically correct sentences to convey our thoughts, comes under the direct command of our working memory systems.
Students who have issues with working memory often: when given three things to do, remember only the first or last; have a short attention span; have trouble concentrating on schoolwork; are easily distracted by noises, etc.; have trouble with tasks that have more than one step; need help from an adult to stay on task; forget what they are doing, often in middle of a task; when sent to get something, forget what they were sent to get; have trouble finishing tasks; and have trouble remembering things, even for a minute.

In math, working memory deficits result in a tendency to lose place in the middle of solving a math equation. In the process of performing one computation, a student forgets what to do next.

In reading, working memory affects comprehension. Working memory allows us to remember as we read, and to relate the details of what we are reading to what we have previously read. This allows us to better predict what will happen next, and make inferences regarding character development, motivation and other important factors in understanding a story or text.
In writing, working memory deficits result in problems recalling the simultaneous skills needed for effective written production. These include remembering spelling, punctuation, spacing, organization and clarity.

Working memory affects listening, as deficits will result in confusion and comprehension problems during extended explanations (or classroom lectures) or multi-step directions. It affects speaking, as deficits result in poor word finding, or losing one’s train of thought.

What are developmentally appropriate working memory skills?


By kindergarten, students should be able to run simple errands (get shoes from the bedroom) and remember instructions that were just given. They should be able to follow a simple routine (like putting their backpack in the right place after arrival) with only one prompt per step.


By grades 1-3, children should be able to run an errand with two to three steps, and remember instructions that were given a couple of minutes earlier. They should be able to follow two steps of a routine with only one prompt.


By grades 4-5, students should be able to perform a routine chore after school or within the classroom without a reminder. They should be able to take books, papers and assignments to and from school and should be able to keep track of a changing daily schedule (going to specials, speech, etc.).

By middle school, children should be able to keep track of assignments and classroom expectations of multiple teachers. They should remember events or responsibilities that deviate from the norm (permission slips for field trips, special instructions regarding extracurricular activities, etc.). they should be able to remember multi-step directions, given sufficient time or practice.

Strategies
· Make eye contact with the child before telling him/her something he/she has to remember.

· Keep external distractions to a minimum, in order to gain maximum attention.

· Use written reminders (picture schedules, lists, other types of schedules, depending upon the student’s age).

· Rehears what you want the student to remember, just before the situation (what are you supposed to get signed?)

· Help the student to think of ways that will help them to remember what they need to do. If the child has a hand in developing strategies, they will buy in more.

· With middle and high school students, parents can use texts, IM’s , etc. to remind them of what they have to do.

· Focus upon attending to details; the brain’s ability to make connections is enhanced by heightened attention. Use highlighters or other tools to draw attention to important details.

· Repetition, rehearsal and review are key strategies to enhance working memory. Easier said than done, and very time-consuming, but it works.

· Attaching meaning to what is to be remembered is a powerful memory tool. Create connections by using associations with what the student already knows. Use acronyms, rhymes, mnemonics, crazy phrases, whatever it takes.

· Chunking of information is helpful, in both learning information and retrieving it.

· For reading comprehension, use the STAR strategy, which focuses upon the five W’s of comprehension (who, what, when where and why)

· Chapter summary organizers are also helpful in reading

· Title and Why: ask the student to rewrite the title of chapters to convey their understanding of the main idea. They also record important facts on post-it notes or index cards.

· Writing notes in the margins of books

· Use of graphic organizers in writing

· Sentence starters can also be used un writing (One of the most remarkable….; The most significant…; Another important factor…)

· For editing use the SPORTS strategy (Sentence structure, Punctuation, Organization, Repetition, Tenses, Spelling)

· Partial outlines for note-taking are helpful

· Use the KNOW strategy for math word problems (Key words or phrases, Numbers that I need, Operations, Work it out)

Planning/Goal-Directed Persistence

Planning/Organization refers to a child’s ability to manage current and future-oriented task demands. Planning relates to a child’s ability to imagine or develop a goal or end state and then strategically determine the most effective method or steps to attain that goal. It requires sequencing or stringing together a series of steps (as may be required in a long-term project or assignment), without getting side-tracked by competing interests. 
Students who have difficulties in this area often: do not bring home homework, assignment sheets, materials, etc.; have good ideas, but cannot get them down on paper; forget to hand in homework, even when completed; get caught up in details and misses the big picture; lacks follow-through; become overwhelmed by large assignments; underestimate the time needed to finish tasks; start assignments at the last minute; do not plan ahead for school assignments; and their written work is poorly organized.

What is developmentally appropriate planning/goal-directed persistence?


By kindergarten, a child should be able to direct other children in play or pretend activities, and seek assistance in conflict resolution. They will try more than one solution to attain a simple goal.


By grades 1-3, children can stick with a challenging task to achieve the desired goal, and will come back to a task if interrupted. They will work on a project for several hours or over several days.


By grades 4-5, students can save up allowance for a desired purchase, and can follow a practice schedule to get better at a desired skill. They can maintain a hobby over several months.


By middle school, a student can increase effort to improve performance (work harder in a certain subject in order to earn a better grade). They are willing to engage in effortful tasks to earn money and are willing to practice without reminders to improve a skill.

Strategies

· Start with tasks that students want to work on and improve

· Give the student something to look forward to when the task is finished (earning computer time, a pizza party, etc.)

· Gradually increase the complexity and time needed to complete goals

· Remind the student what he/she is working toward

· Make sure that a reward is something that the child really wants and does not have free access to.

· In reading, use monthly calendars to plan and break down the reading of longer texts

· In writing, monthly and weekly calendars can also be used to plan writing assignments and set short-term “due dates.”

· Have students plan a study schedule for upcoming tests

· Help students to identify or envision the end-product of an assignment; this helps them to see the “big picture.”

· Provide rubrics and samples of finished projects

· Prioritize highly valued strategies in the classroom; post a list of strategies that are “tried and true.”

· Provide enough time and opportunity for students to practice the strategies.
Organization

Organization refers to the orderliness of work, play and storage spaces (such as desks, lockers, backpacks and bedrooms). It assesses the manner in which the child organizes their world and their belongings. It is the ability to establish and maintain  a system for arranging or keeping track of important items. It eliminates the need to spend lots of time looking for things or have to straighten up a workspace before getting started.

Students who have difficulties in organization often: loses lunchboxes, lunch money, permission slips, homework, etc.; cannot find their personal belongings; have disorganized backpacks and desks; leave a trail of belongings wherever they go; and leave messes that others have to clean up.

What are developmentally appropriate organization skills?


By kindergarten, children can hang up their coat in an appropriate place, put toys in proper locations and clear a place setting after eating, although they may need reminders.


By grades 1-3, a child can put his/her coat, winter gear, or school supplies in proper locations (may need reminders) and they have and know specific places in the classroom for their own belongings. They should be able to keep track of permission slips and other information from school.


By grades 4-5, a child can put their belongings in the appropriate places in school and at home and can bring in toys from outdoors at the end of the day or after use (may need reminders). They can keep track of homework materials and assignments.


By middle school, they can maintain notebooks in school, keep track of sports equipment and keep their study area at home reasonably tidy.

Strategies:

· Put a system in place and supervise students in using the system

· Use charts and check-off systems for homework and class work

· In reading, use Post-it notes to summarize each chapter of a novel or text book

· Use story organizers to summarize stories for book reports

· In writing, provide templates or specific guidelines for writing thesis statements, introductions, body paragraphs and conclusions.

· Have students take notes from a textbook in a question-answer format for later use as a study tool.

Elementary school: model strategies

· Provide explicit instruction and guided practice

· Provide systematic spiraling and review of strategies

· Have students develop strategy notebooks

Middle school: promote independence

· Continue guided practice and cueing to promote independence

· Systematic spiraling and review

· Have students maintain and add to strategy books

High school: support independence

· Continue cueing until strategies are fully integrated and internalized

· Encourage students to personalize strategies

· Continue to encourage the use of strategy notebooks as needed.

Self-Monitoring

Self-monitoring refers to work-checking habits, or whether or not a child can assess his/her own performance during or shortly after finishing a task. It also assesses whether or not a child is able to keep track of the effect his/her behavior has on others. 

Children with difficulties in this area often will rush through their work, make careless mistakes and are reluctant to check their work. They often: are unaware of how their behavior affects others; leave work incomplete; do not notice when their behavior causes negative reactions; are unaware of their behavior when in a group; have a poor understanding of their own strengths and weaknesses; talk or play too loudly; their work is sloppy; and they do not realize that certain actions bother others.

Developmentally, this skill often develops late, however, we can foster self-awareness and self-monitoring in very young children, as well as older students.

Strategies

· Help students develop their own daily checklists to remind them to complete homework, bring homework to school, and hand in their assignments to teachers

· Encourage students to tape prompts to inside of their lockers or on their subject folders, to remember to take the appropriate books home and to each class

· Help students to internalize the reasons for success or failures appropriately

· Base feedback to students on their strategy use and effort, rather than on their final answers

· Make self-monitoring and self-correcting requirements, rather than options

· Require students to use strategy reflection sheets to list the strategies they have used

· Give extra credit or bonus points for finding and correcting mistakes.

· Allow students to refer to their strategy note cards during tests

· Give students additional time to check and correct their work

· Help students to shift into a self-checking mindset-use a different color ink when checking work (shifting materials); change from the computer to a hard copy when checking work (shifting the medium); or have a student switch from silent to oral reading to detect mistakes.

· Have students develop personal editing checklists, based upon previous assignments

