
Brain Research: An Incredible Journey 
Chunk 1
      Adults interacting with adolescents often encounter emotions that can be described in two words, bewilderment and exasperation.  Research, as well as experience, tells us that integrity is not always important to them. If you are the parent of both a younger child and an adolescent, you might notice that the younger child’s decision-making skills outweigh those of the adolescent.  Often adults blame this mind boggling reality on hormones. Recent neuroscience discoveries found that hormones are not completely at fault; actually, the brain is undergoing massive structural changes that result in peculiar behaviors. These sporadic actions are due to significant sections of the brain changing at different times. Adolescents that look grown up, although actions are childish, are experiencing direct results of their brains’ developmental stages. They have not yet matured into adulthood even if physical appearances give reason for us to think otherwise. These are years when adolescents directly experience the result of growth spurts (just before puberty) later followed by the pruning of unused connections. The brain cells thicken between ages 11 and 13 and then undergo pruning by 7 to 10 percent between the ages of 13 and 20; thereby giving validity to why adolescents’ reasoning and thinking abilities are sometimes inferior to those of younger children. The frontal lobe, a huge part of the brain’s gray matter, is the area responsible for thoughtful, reflective reasoning capabilities and judgment. This area is the last section of the brain to fully mature (Jensen, 2005).   
Chunk 2
     In the area of adolescent brain research, neuroscientists have captivated the minds of educators. These astounding findings link brain functions with teaching and learning.  Precise information clarifies how the brain consolidates learning in the prefrontal cortex by pruning away synapses and wrapping white matter (myelin) around other connections to stabilize and strengthen them. Pruning takes place most dominantly in the prefrontal cortex. This area of the brain is critical to information synthesis such as: planning, working memory, organization and mood modulation. Short term memory is also impacted by synaptic pruning. Consequently, a middle school student can generally retain from five to seven bits of information at one time (Gasser & Palfrey, 2009). The prefrontal cortex is not mature until about 18 years of age (Spinks, 2002).  The saying “use it or lose it” is applicable to this period of brain development. Throughout this critical period, “If a teen is doing music, sports or academics, those are the connections that will be hard wired. If they’re lying on the couch, playing video games, or watching TV those are the cells and connections that are going to survive” (Spinks, 2002, p.2).  
Chunk 3
     The lives of American adolescents have never been so jam-packed. With school taking up most of the day, extracurricular activities or jobs stretching into the night, and piles of homework to be done, adolescents are often the last members of the family to fall into bed and the first to rise. During adolescence, changes in the brain’s biological timing system trigger a shift in sleep patterns.  Their brains are not ready to wake up until 8:00 or 9:00 in the morning (Carskadon & Wolfson 1998). 
     Adolescents may need time to catch up with what‘s happening in the brain. Sleep is when this catch-up time takes place. In fact, the adolescent brain organizes and stores new learning during sleep time (Wolfe, 2005). During sleep time, tremendous amounts of branching and learning take place, growth hormones in the body are especially active, and the majority of neurotrophic work is occurring simultaneously. In fact, a significant amount of sleep is required following the learning of new information if we want that information stored in long-term, complex networks of neutron branches. Sprenger (2005) reminds us that learning a skill (to 80 percent mastery) is achieved after a minimum of 24 practices. For transfer to long term memory, multiple rehearsals and experiences in unexpected or unusual situations are essential. Lack of sleep and drowsiness interfere greatly with the brain’s work process.
  Chunk 4
     Various findings from brain research inform us there are more changes the brain is undergoing than what we once thought. We now know the prefrontal cortex is where memory, attention, and inhibitions are altered as a result of synaptic pruning. Because this action is occurring in the brain, it is feasible to apply particular strategies and methods during instruction. The brain in itself is amazing. It uses inhibitions to get rid of distracters when it wants to pay attention. It also screens out interferences that lead to better memory storage (Wilson, & Horch 2002). For teachers, researchers suggest a slew of practical implications regarding mood, attention, sleep, learning and memory:
· Offer a safe environment:  When adolescents feel safe to ask questions, make mistakes, and connect with their peers, “Adolescents use their cerebral cortex rather than the ‘fight or flight’ part of their brain, and they can better reflect on mistakes” (Inlay, 2005).  Setting the groundwork for safety and clear expectations set up situations in which students can question and learn from each other.  
· Be concise:  Adolescents’ frontal lobes are not effective at storing many ideas at one time.  “Chunking is one of many instructional strategies supported by recent research about the human brain” (Wormeli, 2002). Giving students an opportunity to summarize the information and make connections after each chunk allows time for processing important neural connections. Also, educators should be mindful of this by giving one direction at a time (Jensen, 2005).
· Be a facilitator:  Educators should repeat directions and offer brainstorming options to help guide students through difficult tasks. The pure lecture format has been proven as an ineffective form of delivery (Sprenger, 2005).  Teachers should purposefully plan activities that allow students to ask significant higher-order questions and make “authentic” decisions in order to organize information in the brain for long-term use (Caine & Caine, 2006; Inlay, 2005).
· Use hands-on activities and modeling: Adolescents need concrete and realistic models in the classroom. Use hands-on, working models, and let students debrief and think through explanations in guided instructions.  Research points out that it is important to interact with new material within 24 hours of learning it; since our brains throw out information otherwise (Wormeli 2002 & Wolfe 2005).

· Engage students:  “The brain pays attention to what it has been primed to receive” (Wormeli, 2002).  This, along with research on how information is retrieved in the brain, reinforces the idea that educators should activate prior knowledge and allow students to make choices about their learning. These suggestions enable students to make critical connections (Inlay 2005).  Critical connections can be made through creative and novel interactions such as: Socratic seminars, debates, plays, project-based learning, labs, incorporating music, etc. (Wormeli, 2002).  
· Allow movement:  Sprenger (2005) suggests that moving is good for the cerebellum, which not only coordinates physical exercise, but also coordinates thought development.  Movement also increases oxygen flow to the brain, facilitating memory.  Physical exercise will improve the way the brain treats information.  
· Allow social engagement:  During adolescence, students are extremely social and have a developed limbic system in the brain.  One educational implication would be to allow time for students to talk about their learning with partners or groups. This helps them understand how both they and their partner(s) are learning.  During adolescence, students are capable of thinking about how they think (metacognition).  Teachers encourage this by modeling “think alouds” as text is read or questions are asked and answered (Armstrong 2006). 
· Allow multiple encounters with a concept:  Students need adequate time to rehearse learning; therefore, teachers should allow opportunities to encounter the material many times in order for it to transfer to long-term memory.  This can be as simple as incorporating previous learning when teaching something new to keep the neural pathways open (Sprenger 2005).  Teachers and parents should encourage and strengthen those connections which will help adolescents be successful later in life.  Sprenger (2005) cites research from the Social Cognitive Laboratory at North Carolina State University “strongly suggests that writing can affect working memory capacity in general” as well.
Adolescents can be compared to a river.  Teachers and other educators take the role of directing the “course of the river that flows through a narrow, ever-changing channel toward a greater purpose yet to be discovered” (Wormeli, 2006).
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