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About the Guide

Teacher’s Guide editors William Bleam, Regis Goode, Donald McKinney, Barbara Sitzman and  Ronald Tempest created the Teacher’s Guide article material. E-mail: bbleam@verizon.net
Susan Cooper prepared the anticipation and reading guides.
Patrice Pages, ChemMatters editor, coordinated production and prepared the Microsoft Word and PDF versions of the Teacher’s Guide. E-mail: chemmatters@acs.org
Articles from past issues of ChemMatters can be accessed from a DVD that is available from the American Chemical Society for $42. The DVD contains the entire 30-year publication of ChemMatters issues, from February 1983 to April 2013.
The ChemMatters DVD also includes Article, Title and Keyword Indexes that covers all issues from February 1983 to April 2013.

The ChemMatters DVD can be purchased by calling 1-800-227-5558.

Purchase information can be found online at www.acs.org/chemmatters.
Student Questions

1. Why was Jilly Dos Santos concerned about the school board’s pending decision?

2. In what ways did Jilly use technology in her quest for more sleep time?
3. Was Jilly successful in her quest to delay the time for opening school?  Explain.

4. How does the chemical melatonin help regulate our sleep cycle?

5. Where is melatonin produced in the body?
6. What is the role of NAT in the production of melatonin?
7. When is NAT activity the greatest?
8. Why does melatonin production often result in teens receiving less than nine hours of sleep per night?
9. Give three examples of positive results reported from school districts that adopted later start times.

10. If your school has an early start time, what is one way that you can help signal your body that it is time to go to sleep?

11. How did understanding the chemistry in this article help Jilly and her friends improve their lives?

12. Circadian rhythms regulate our sleep schedule. Are other life forms controlled by these cycles?

Answers to Student Questions
1. Why was Jilly Dos Santos concerned about the school board’s pending decision?

Jilly’s concern about the school board’s decision centered on her worry about not being able to handle the earlier 7:20 a.m. start time they were suggesting.

2. In what ways did Jilly use technology in her quest for more sleep time?

Jilly set up a Facebook page and a Twitter account to enlist help from her friends to attend the school board meeting and make a case against an earlier start time.

3. Was Jilly successful in her quest to delay the time for opening school?  Explain.


Yes, Jilly was successful; she and her friends presented their scientific research to the board and in a final decision, the school board decided to begin school at 9:00 a.m.
4. How does the chemical melatonin help regulate our sleep cycle?

Melatonin is a hormone that builds up during the day and makes us feel sleepy at night.  It decreases by morning so that we feel refreshed when we wake up.

5. Where is melatonin produced in the body?

Melatonin is produced in the pineal gland, a small organ in the brain, shown in Figure 2.
6. What is the role of NAT in the production of melatonin?

NAT is the enzyme that catalyzes the formation of melatonin from serotonin (see Figure 3).
7. When is NAT activity the greatest?

NAT is most active at night (in the dark) when its concentration is greatest, thus producing the maximum amount of melatonin.
8. Why does melatonin production often result in teens receiving less than nine hours of sleep per night?

Teens often get less than nine hours of sleep because their 24-hour cycle differs from the cycle for adults and young children. This is due to the fact that their melatonin production is about three hours later than for others, keeping them up later and making them feel sleepy when they awake early in the morning.

9. Give three examples of positive results reported from school districts that adopted later start times.


Districts that adopted later start times found 

a. students got more than five extra hours of sleep per week;

b. attendance and enrollment rates improved; 

c. student alertness increased and rates of depression decreased; and 

d. the number of car crashes was reduced significantly.

10. If your school has an early start time, what is one way that you can help signal your body that it is time to go to sleep?


To signal to your body that it is time to sleep, you can reduce the stimulation of artificial light by turning off your TV, computer, and cell phone. 

11. How did understanding the chemistry in this article help Jilly and her friends improve their lives?


Jilly and her friends researched and learned the chemistry required to convince the school board to improve their lives by changing their school’s schedule to a later start time.
12. Circadian rhythms regulate our sleep schedule. Are other life forms controlled by these cycles?

Research shows that circadian rhythms are present in many forms of life, including plants, animals and bacteria.
Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Light exposure affects release of melatonin, a chemical that signals our bodies to sleep.

	
	
	2. Melatonin production occurs at the same time in the sleep cycle for everyone, including children, teens, and adults.

	
	
	3. The pineal gland is found in the brain.

	
	
	4. High schools that have switched to later start times have seen measurable benefits.

	
	
	5. Melatonin is an amino acid.

	
	
	6. The only elements found in melatonin are carbon, hydrogen, oxygen, and nitrogen.

	
	
	7. Artificial sources of light interfere with melatonin production.

	
	
	8. Circadian rhythms are found only in humans.

	
	
	9. Caffeine affects melatonin production.

	
	
	10. Sleeping late on the weekends is a good idea if you want to catch up on sleep lost during the week.


Reading Strategies
These graphic organizers are provided to help students locate and analyze information from the articles. Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies: 

1. Links to Common Core Standards for writing:

a. ELA-Literacy.WHST.9-10.2F: Provide a concluding statement or section that follows from and supports the information or explanation presented (e.g., articulating implications or the significance of the topic).
b. ELA-Literacy.WHST.11-12.1E: Provide a concluding statement or section that follows from or supports the argument presented.
2. Vocabulary and concepts that are reinforced in this issue:

a. Lethal dose (LD)

b. Amino acid

c. Enzyme

d. Organic molecular structure

e. Metric system

f. Electromagnetic radiation

g. Redox reaction

h. Pheromones 

i. Volatility
3. To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles.

Directions:  As you read the article, complete the graphic organizer below to describe the structure and role for each molecule in governing your sleep schedule.

	Molecule
	Structure
	Role

	Melatonin
	
	

	Tryptophan
	
	

	Serotonin 
	
	

	Caffeine
	
	

	Adenosine
	
	


Background Information
(teacher information)

On average, humans spend about one third of their lives sleeping. From early times, scientists have asked:

· Why do we need so much sleep?

· In what ways is sleep beneficial to our health?

· What happens when we are sleep deprived?

More on scientific theories on the need for sleep


The first reported evidence of brain activity during sleep was based on animal observations and studies. With current technology, neural scientists are able to use human brain scans to accurately determine the areas of the brain where activity occurs.  Further, these studies identify the periods during human sleep when brain wave activity is the most robust (see later sections on REM and NREM sleep). Several theories have been proposed to explain our need for so much sleep. Harvard Medical School groups them as:

· Inactivity Theory─One of the earliest hypotheses was based on safety. While animals are quiet during the night, they are less likely to be attacked by predators.

· Energy Conservation─While awake, the body is frequently very active, the metabolic rate is high and the demand for body energy is at its peak. During sleep, the body has the opportunity to restore the energy that it has lost during waking hours. In addition, the metabolic rate is lower during sleep so less energy is used. 

· Restoration Theory─During sleep the brain remains active, directing body functions. (See section below: “More on the biochemistry of sleep”.) This is the time for most muscle growth, tissue repair, protein synthesis, and growth hormone release. While awake, adenosine builds up in the brain causing sleepiness. A cup of coffee may trigger alertness because caffeine blocks the action of adenosine. For further information on caffeine and the effect of adenosine, see ChemMatters article “Caffeine” in the “References” section of this Teachers’ Guide.

· Brain Plasticity Theory─Changes in how the brain organizes memories and the relationship between memory and decision making occur during REM sleep. Current brain studies at the University of California, San Francisco (UCSF) and the Massachusetts Institute of Technology (MIT) show sharp-wave ripples (SWRs) that link memory and decisions occur only during sleeping, under anesthesia or during periods of immobility. (For more information see Quanta Magazine on neurological research: 

http://www.quantamagazine.org/20141022-mental-leaps-cued-by-memorys-ripples/.

(from http://healthysleep.med.harvard.edu/healthy/matters/benefits-of-sleep/why-do-we-sleep)
More on teen sleep research

Research done by the University of California, Los Angeles (UCLA) Sleep Disorders Center (http://sleepcenter.ucla.edu/body.cfm?id=63) shows that “Most teenagers do not get the sleep that they need on a daily basis.” When lifestyles, early class start times, and obligations conflict with their ability to obtain the recommended nine hours of sleep, teens show signs of sleep deprivation.  It is often difficult for them to learn to manage their out-of-class time. There may be excessive homework, exhausting and time-consuming sports and other activity obligations coupled with social demands from friends and families. In addition, some teens have to cope with work schedules and caring for younger siblings after school.


Daily schedules need to be finely tuned to accommodate all these demands and leave at least nine hours for sleep. To alleviate some of the student stress, school districts and teachers are discussing limits on homework and, as demonstrated in this article, later times for the beginning of classes.

More on sleep requirements for adolescents


The National Sleep Association 2014 “Sleep in American Poll” shows that only 42% of 12–14 year olds and even less—35%—of teens 15–17 years old, are sleeping for nine hours or more according to their parents. Their research states that this is the amount of sleep that teens require to remain “healthy, focused and productive”. 
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More on the 2014 “Sleep in America Poll”

The full 2014 “Sleep in America Poll” results contain information in the following sections: 
· Learn about why your family's sleep suffers when technology invades the bedroom─ Even small electronics like cell phones and computers involve mental activity and alert the retina to sense that it is daytime. Using electronic devices may keep teens awake far into the night, thus disrupting the natural sleep cycle and depriving them of the hours of sleep needed to function optimally.
· Understand the importance of designing a healthy sleep environment─An environment that promotes healthy sleep should go beyond powering down electronic devices. While clinical studies on temperature, noise, and light have been focused on adults, this data may also have implications for teen health. Optimal temperature is cool, but not cold. Studies recognize that some families may not have the option of air conditioning and sufficient heating. In high crime areas, leaving an open window for cooling may be a dangerous option. Household noise and light caused by work schedules and food preparation may retard the beginning of sleep as well as disrupting later sleep. Outside noise and light from traffic, industry, commerce, or neighbors may disturb sleep.

· Explore why children and teens need sleep rules─Sleep rules monitored by parents are necessary for the health, focus and productivity of teens. Teens need consistent routines for sleep including a set time for bed that provides nine hours of sleep plus half an hour away from cell phones, TVs, and computers. This section also discusses some teen health problems such as anxiety and depression created by lack of sufficient sleep.

· Data from prior years of the Sleep in America Polls is given under: Catch up on past Sleep In America® polls
(http://sleepfoundation.org/sites/default/files/2014-NSF-Sleep-in-America-poll-summary-of-findings---FINAL-Updated-3-26-14-.pdf)
More on consequences of teen sleep deprivation—behavior problems


Teens who are not receiving sufficient sleep each night will begin to show signs of sleep deprivation. In the classroom, they fall asleep, become irritable by afternoon, and their grades may drop due to lack of ability to concentrate on lessons. Lack of sleep may also impair teen athletic ability and cause drowsiness when driving. At home, teens who need more sleep may find it difficult to wake up in the morning and sleep for long periods on the weekend.


The UCLA Sleep Center has found that signs of lack of sleep in teens may be confused with those of ADHD (attention-deficit/hyperactivity disorder). ADHD may be characterized by trouble concentrating, mood swings, hyperactivity, nervousness, and aggressive behavior.


To promote good sleep habits, UCLA stresses the importance of a regular, relaxing routine that includes exercise and a healthy diet. An atmosphere conducive to a good night’s sleep for teens should be quiet. Caffeine and video games before bedtime should be avoided. Their studies also suggest that short naps (less than one hour) are beneficial, longer ones simply leave the teen groggy and may make it harder to fall asleep at night. (http://sleepcenter.ucla.edu/body.cfm?id=63) 

More on the politics of later start times for schools


On August 25, 2014, the American Academy of Pediatrics issued a new policy statement, “School Start Times for Adolescents”, that “urges high schools and middle schools to aim for start times that allow students the opportunity to achieve optimal levels of sleep (8.5–9.5 hours).” See the full policy statement at: (http://pediatrics.aappublications.org/content/early/2014/08/19/peds.2014-1697)


Political advocacy for delaying the time of the first period bell was spear-headed by New Jersey State Senator Richard Codey. He supports the recommendation of the American Academy of Pediatrics that school start times be delayed. Codey introduced a bill asking the state Department of Education to study how following this recommendation will benefit students.  Codey said, “This is more than a matter of teenagers dozing at their desks. This is about their health and ability to learn, retain information and succeed.” (http://www.app.com/story/news/education/education-trends/2014/10/15/state-senator-richard-codey-calls-later-school-start-times/17337981/) 


To date, only seventy school districts throughout the United States have developed plans to delay the beginning of high schools until 8:30 a.m. or later. Both the logistics and politics of this type of change prove to be severe stumbling blocks. There are school budgets, bus schedules, and athletic programs. In addition, the needs of parents on fixed work schedules to transport children to classes each morning must be considered.


Successful school start delays have usually occurred within small districts where task forces composed of the various stakeholders discuss both the data supporting the need for additional/later sleep for teens and the logistics of accomplishing this change. There are two large districts, Seattle and Fairfax County (Virginia), in the planning stages. (http://blogs.seattletimes.com/educationlab/2014/09/30/be-heard-on-school-start-times-for-teens-seattle-forms-task-force/)

More on the biochemistry of sleep

Sleeping is an active, endothermic process. While sleeping, the body uses energy to maintain metabolic processes such as breathing, digestion, and pumping blood.  In addition, energy is being used to keep the brain active. Scientists use electroencephalograms (EEGs) to measure electrical changes in the brain; electrooculograms (EOG) to measure eye movements; and electromyograms (EMG) to measure muscle tension. These activities during sleep lead to the identification of two basic patterns of brain waves, characterized by different sleep patterns: 

· REM—Rapid Eye Movement

· NREM—Non Rapid Eye Movement
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Figure 2. Placement of electrodes to determine EEG, EOG, and EMG.
(https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm)

During sleep, the body cycles between NREM (non-rapid eye movement) and REM (rapid eye movement) sleep. As you fall asleep, NREM begins the cycle.  For approximately 75% of the night the body is in the NREM mode. The body switches into the REM portion of the cycle about 90 minutes after you fall asleep. The table below summarizes the difference in the processes that occur during the sleep cycle.

	Table 1. Comparison of Physiological Changes During NREM and REM Sleep 

	Physiological Process
	During NREM 
	During REM 

	brain activity 
	decreases from wakefulness 
	increases in motor and sensory areas, while other areas are similar to NREM 

	heart rate 
	slows from wakefulness 
	increases and varies compared with NREM 

	blood pressure 
	decreases from wakefulness 
	increases (up to 30 percent) and varies from NREM 

	blood flow to brain 
	does not change from wakefulness in most regions 
	increases by 50 to 200 percent from NREM, depending on brain region 

	respiration 
	decreases from wakefulness 
	increases and varies from NREM, but may show brief stoppages (apnea); coughing suppressed 

	airway resistance 
	increases from wakefulness 
	increases and varies from wakefulness 

	body temperature 
	is regulated at lower set point than wakefulness; shivering initiated at lower temperature than during wakefulness 
	is not regulated; no shivering or sweating; temperature drifts toward that of the local environment 

	sexual arousal 
	occurs infrequently 
	increases from NREM (in both males and females) 


(https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm)


Additional information on details of the function of the endocrine and renal systems and alimentary activity can be found at the National Institutes of Health Teacher’s Guide (see the URL above).


Studies on rats show that their normal life spans of two to three years have been shortened to five months when they are deprived of REM (see section below on sleep). When deprived of all sleep, they may die in as little as three weeks. Some scientists consider lack of sleep as injurious to health as lack of food. (https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm)

More on the quality of sleep and the NREM/REM cycles

It is not only the nine hours of sleep before the alarm that are important for teens, but it is also the adequate quality of this sleep time that is required to produce a refreshed and alert morning wake up. There are four main stages of sleep:

The Stages of Sleep

	Non-REM sleep


	Stage N1 (Transition to sleep) – This stage lasts about five minutes. Your eyes move slowly under the eyelids, muscle activity slows down, and you are easily awakened.

	Stage N2 (Light sleep) – This is the first stage of true sleep, lasting from 10 to 25 minutes. Your eye movement stops, heart rate slows, and body temperature decreases.

	Stage N3 (Deep sleep) – You’re difficult to awaken, and if you are awakened, you do not adjust immediately and often feel groggy and disoriented for several minutes. In this deepest stage of sleep, your brain waves are extremely slow. Blood flow is directed away from your brain and towards your muscles, restoring physical energy.

	REM sleep


	REM sleep (Dream sleep) – About 70 to 90 minutes after falling asleep, you enter REM sleep, where dreaming occurs. Your eyes move rapidly, your breathing shallows, and your heart rate and blood pressure increase. Also during this stage, your arm and leg muscles are paralyzed.


	


(http://www.helpguide.org/articles/sleep/how-much-sleep-do-you-need.htm)


During deep sleep (NREM), the body restores the physical energy burned during the day, repairs muscles and tissues, and strengthens the immune system. A disruption during this time can be very damaging. The REM period is the time when the brain’s neural connections are renewed. In quality sleep, the NREM/REM sleep patterns cycle throughout the night. A quiet, stress free environment is necessary to maintain this pattern. Sleep disorders may occur when sleep is repeatedly interrupted.  For example, when noise inside or outside the home, lights turned on and off, or other disturbances, repeatedly wake a person, the body cannot cycle normally through the NREM and REM patterns seen in the graph below:
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When you chart the sleep stages over the course of the night, the result looks like a city skyline—
which is why it is called "sleep architecture".
(http://www.helpguide.org/articles/sleep/how-much-sleep-do-you-need.htm)


Both disruption in the sleep cycles shown above and/or the lack of sufficient hours of sleep may lead to problems related to sleep deprivation. The National Sleep Foundation published an article written directly for teenagers. Sleep is described as “food for the brain”. Below are lists of the “Facts” about sleep and the “Consequences” of inadequate sleep:

FACTS:

· Sleep is vital to your well-being, as important as the air you breathe, the water you drink and the food you eat. It can even help you to eat better and manage the stress of being a teen.
· Biological sleep patterns shift toward later times for both sleeping and waking during adolescence -- meaning it is natural to not be able to fall asleep before 11:00 pm. 
· Teens need about 9 1/4 hours of sleep each night to function best (for some, 8 1/2 hours is enough). Most teens do not get enough sleep — one study found that only 15% reported sleeping 8 1/2 hours on school nights. 

· Teens tend to have irregular sleep patterns across the week — they typically stay up late and sleep in late on the weekends, which can affect their biological clocks and hurt the quality of their sleep. 

· Many teens suffer from treatable sleep disorders, such as narcolepsy, insomnia, restless legs syndrome or sleep apnea. 

CONSEQUENCES:

Not getting enough sleep or having sleep difficulties can: 

· Limit your ability to learn, listen, concentrate and solve problems. You may even forget important information like names, numbers, your homework or a date with a special person in your life; 

· Make you more prone to pimples. Lack of sleep can contribute to acne and other skin problems; 

· Lead to aggressive or inappropriate behavior such as yelling at your friends or being impatient with your teachers or family members; 

· Cause you to eat too much or eat unhealthy foods like sweets and fried foods that lead to weight gain; 

· Heighten the effects of alcohol and possibly increase use of caffeine and nicotine; and 

· Contribute to illness, not using equipment safely or driving drowsy. 
(http://sleepfoundation.org/sleep-topics/teens-and-sleep)

More on the biological clock of teens


During adolescence, the circadian rhythm of the body changes. A teen’s clock signals a later time for sleep. Actually this is only about one hour later but, in addition, many teens postpone bedtime for an additional two hours to keep up with the demands of academics, extracurricular activities, work schedules, social pressures and the tempting technology of video games and social media. Teens find it difficult to balance the needs of their bodies for sleep with outside time commitments. Life styles and biology combine to create a three hour sleep deficit for many teens, leaving them feeling groggy and tired when the morning alarm sounds. (http://sleepcenter.ucla.edu/body.cfm?id=63) 


The National Sleep Foundation refers to the changes in the circadian rhythms that occur during adolescence as “sleep phase delay”. The Cleveland Clinic defines “sleep phase delay” as a condition where a person’s sleep is delayed two or more hours beyond their usual bedtime. (http://my.clevelandclinic.org/services/neurological_institute/sleep-disorders-center/disorders-conditions/hic-delayed-sleep-phase-syndrome)


Research done at the National Sleep Foundation shows:

This shift (sleep phase delay) in teens' circadian rhythm causes them to naturally feel alert later at night, making it difficult for them to fall asleep before 11:00 pm. Since most teens have early school start times along with other commitments, this sleep phase delay can make it difficult to get the sleep teens need—an average of 9-1/4 hours, but at least 8-1/2 hours. This sleep deprivation can influence the circadian rhythm; for teens the strongest circadian “dips” tend to occur between 3:00–7:00 am and 2:00–5:00 pm, but the morning dip (3:00–7:00 am) can be even longer if teens haven’t had enough sleep, and can even last until 9:00 or 10:00 am.

(http://sleepfoundation.org/sleep-topics/sleep-drive-and-your-body-clock)
More on the enzymatic production of melatonin from serotonin and the use of melatonin supplements


The production of melatonin is catalyzed by the hormone, serotonin N-acetyltransferase. 
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Crystallographic structure of serotonin N-acetyltransferase
(http://upload.wikimedia.org/wikipedia/commons/thumb/b/ba/SNAT_PDB-code_1KUX.png/220px-SNAT_PDB-code_1KUX.png

As described in the Harper sleep article, light detection by the eye’s retina signals the pineal gland in the brain to produce melatonin. According to the abstract for “Melatonin Biosynthesis” published in the journal Molecular Cell the structure of serotonin-N-acetyltransferase (SNAT) shown above and in the third structure of Figure 3 of the Harper sleep article suggests a catalytic mechanism for this biosynthesis as follows:


Conversion of serotonin to N-acetylserotonin, the precursor of the circadian neurohormone melatonin, is catalyzed by serotonin N-acetyltransferase (AANAT) in a reaction requiring acetyl coenzyme A (AcCoA). AANAT is a globular protein consisting of an eight-stranded beta sheet flanked by five alpha helices; a conserved motif in the center of the beta sheet forms the cofactor binding site. Three polypeptide loops converge above the AcCoA binding site, creating a hydrophobic funnel leading toward the cofactor and serotonin binding sites in the protein interior. Two conserved histidines not found in other NATs are located at the bottom of the funnel in the active site, suggesting a catalytic mechanism for acetylation involving imidazole groups acting as general acid/base catalysts.

(http://www.ncbi.nlm.nih.gov/pubmed/10024876)  


Scientific research shows that melatonin is the hormone that helps control our sleep-wake cycle. Some studies suggest that melatonin supplements may be useful in treating severe sleep disorders and jet lag by helping people fall asleep. Common side effects associated with the use of melatonin supplements include dizziness, headaches, and sleepiness in the daytime; and, less commonly, short-term feelings of depression, stomach cramps, and irritability. Additional information about the use and warnings associated with the use of melatonin supplements can be found on the Mayo Clinic website below. (http://www.mayoclinic.org/healthy-living/adult-health/expert-answers/melatonin-side-effects/faq-20057874)

The circadian rhythm of people who are totally blind is permanently disrupted because the retina cannot detect light. Melatonin supplements may help regulate the biological clocks of the blind, thus improving their ability to follow normal sleep patterns. The National Institutes of Health warns: “Since the high doses of melatonin found in most supplements can build up in the body, long-term use of this substance may create new problems. Because the potential side effects of melatonin supplements are still largely unknown, most experts discourage melatonin use by the general public.” (http://www.ninds.nih.gov/disorders/brain_basics/understanding_sleep.htm)

Melatonin is sold as an over-the-counter supplement and considered safe for most adults when taken by mouth for a short period of time. Labels warn about the use for children. Due to its effects on other hormones, melatonin supplements may interfere with development during adolescence. (http://www.rxlist.com/melatonin/supplements.htm)
More on jet lag, body clocks, and coping with jet lag


Sports competitions, visits to grandparents, vacations, and school field trips that cross time zones often deliver tired and fatigued teens to their final destinations.  In addition to the expected changes in eating habits and the effect of being squashed into small, dry airplane spaces, circadian rhythms are disrupted. Traveling from west to east creates more sleep problems because the body clock has to advance rather than delay the time to sleep. The medical journal The Lancet published a list comparing normal travel fatigue and jet lag:  

Differences between travel fatigue and jet lag

· Travel fatigue is associated with any long journey; jet lag generally needs three or more time zones to be crossed rapidly.

· Travel fatigue abates by the next day, the traveler having had a good night’s sleep; jet lag after eastward flights lasts for several days, roughly equal to two-thirds of the number of time zones crossed, and about half the number of time zones crossed after westward flights. Again, there are obvious differences between individuals.
To reduce the effects of jet lag it is recommended that you:

· Begin resetting the biological clock a few days before leaving by gradually changing bedtimes to adapt to adapt to the new time zone.

· Upon arrival, set your watch to the new time.

· Stay hydrated, drink plenty of water.

· If tired, take just a short nap, then get up, go for a walk, or talk to others staying awake until dark.

· Get up and be active as soon as the sun shines in the morning.
(The Lancet. 369 (9567), pp 1117–1129, 31 March 2007 doi: 10.1016/S0140-6736(07)60529-7.  Available online at:  http://www.v2020la.org/pub/PUBLICATIONS_BY_TOPICS/VARIOUS/Jet%20lag.....pdf)
More on the effects of daylight saving time on the circadian rhythm


It has been shown that sleep deprivation and the change of circadian rhythm can trigger mental illness and cause higher accident rates. While daylight saving time affects millions of people annually, the impacts of dealing with only a one hour change are still widely unknown. While the transitions into and out of daylight saving time change the circadian rhythm, daylight saving time results in a very small loss of sleep.


The major study on the effects of the one hour transitions for daylight saving time was based on data from the Finish Hospital Discharge Register. Nationwide, during a time period including two weeks after and two weeks before daylight saving time for the years 1987-2003, there was no significant increase in hospital cases involving accidents, manic episodes, or signs of major sleep deprivation. The following website contains the abstract and free access to the full report: (http://www.ncbi.nlm.nih.gov/pubmed/18302734).


In 2007, Till Roenneberg published the results of a study of 55,000 people in central Europe in the journal, Cell Biology. Roenneberg’s data came from surveys completed by the subjects in his study. His group concluded: “For both morning larks and night owls, their timing for sleep and peak activity easily adjusted when daylight saving time ended in the fall. However, it never adjusted to the return to daylight saving time in spring. This was especially true for night owls -- those who stay up late and sleep late.”

(http://consumer.healthday.com/mental-health-information-25/behavior-health-news-56/body-s-clock-never-adjusts-to-daylight-saving-time-609394.html)

More on teen sleep deprivation behaviors


Sleep disorders may occur when there is insufficient time for sleep and/or when sleep is repeatedly interrupted and the body cannot cycle normally through the NREM and REM patterns. The Cleveland Clinic lists the following three signs that may indicate teen sleep deprivation:

· Excessive daytime sleepiness─Falling asleep in class may not indicate boredom or disrespect for the teacher. This may be the result of inadequate sleep.   

· Irritability, hyperactivity, depression, impatience, mood swings, low self-confidence, low tolerance for frustration and other impulse control problems─These behaviors may also indicate attention deficit hyperactivity disorder (ADHD) discussed below.

· Falling grades and reports of drowsy driving─Sleep deprived teens have difficulty focusing on their learning. Their low grades may be indicative of this. Sleep deprivation can seriously impair the ability to drive safely.
(https://my.clevelandclinic.org/ccf/media/files/Sleep_Disorders_Center/09_Adolescent_factsheet.pdf)

The behaviors above are similar to those found in students diagnosed with ADHD.  According to Dr. Thakkar, professor of psychiatry at the New York University Langone Medical Center, many of the symptoms of ADHD are indistinguishable from those seen in sleep deprivation. Unfortunately, this frequently leads to a misdiagnosis of ADHD.


In the article “ADHD or Sleep Disorder: Are We Getting it Wrong?” (Psychology Today, May 1, 2013) the author cites “lack of focus, agitated, excitable, impulsive” as behaviors common to both sleep disorders and ADHS. This article continues to state: “These behaviors associated with A.D.H.D. interfere with a child’s social and intellectual development, causing problems with relationships with peers and adults, at school and at home. But what if A.D.H.D. isn’t always the underlying cause of these symptoms? Signs of poor quality and insufficient sleep in children can look remarkably like symptoms of A.D.H.D., as a number of recent studies show.”

(http://www.psychologytoday.com/blog/sleep-newzzz/201305/adhd-or-sleep-disorder-are-we-getting-it-wrong) 
More on some severe sleep disorders and medical diagnosis


The American Association of Pediatrics (AAP) has expressed concern regarding the lack of screening children for sleep problems by pediatricians. This is necessary to reduce the incidence of misdiagnosis of behaviors and subsequent unnecessary treatment for ADHD. A 2012 study of sleep screening practices, Screening for Sleep Disorders in Pediatric Primary Care Are We There Yet?, published in CLIN PEDIATR (December 2012 vol. 51 no. 12 1125-1129) showed inadequate patient screening for sleep problems that might account for behaviors similar to sleep deprivation.  It was found that less than 20% of the pediatricians surveyed had received training in the diagnosis of sleep-disorders.  The study demonstrates the need for better training for physicians and more effective screening for sleep disorders to be certain that a medical diagnosis is accurate. Results and conclusions of the study show:

Although guidelines were published by the American Academy of Pediatrics (AAP) a decade ago recommending routine screening of sleep-disordered breathing (SDB) in primary care settings, it remains unclear to what extent such guidelines have been implemented and resulted in effective SDB screening. The aim of this study was to determine if AAP guidelines are adhered to in pediatric primary care.

Of the children screened for sleep-related issues, 34.1% (n = 86) snored, but the majority of them (61.6%, n = 53) received no further evaluation. In the present sample, 0.5% (n = 5) had a diagnosis of OSA. The low prevalence of obsessive sleep apnea (OSA) may be explained by the relatively low frequency of sleep-related problem screening by pediatricians and thus the inordinately low adherence to the AAP guidelines. Modification and transition to electronic medical records as well as expanded efforts to educate health care providers and caregivers may improve detection and timely treatment of children at risk for SDB.
(http://cpj.sagepub.com/content/51/12/1125.abstract)


The Mayo Clinic, the National Institutes of Health, and the UCLA Sleep Disorders Center provide similar lists of severe health effects attributed to sleep deprivation caused by both the number of sleep time hours (sleep quantity) and the disruptions during sleep (sleep quality). Excessive daytime sleepiness may be a sign of serious medical problems such as:

· Side effects─Medications used to treat hyperactivity may cause daytime sleepiness, insomnia, and aggressive behavior. These side effects mimic sleep deprivation behaviors as well as lead to increased sleep deprivation. (http://www.nimh.nih.gov/health/topics/attention-deficit-hyperactivity-disorder-adhd/index.shtml) 

· Insomnia─The inability of teens to fall asleep at night or difficulty falling back to sleep after waking up at night may be caused by stress, environmental noise, physical discomfort, excessive sleeping during the day, or a reaction to medication or excessive caffeine. (http://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm)

· Obstructive sleep apnea (OSA)─OSA is a potentially life-threatening sleep disorder that affects as many as 25% of the adult population. OSA is characterized by snoring and numerous brief pauses in breathing that can seriously disrupt the sleep cycle. During normal breathing, air goes passes down the throat, through the windpipe, and continues into the lungs. The back of the throat is the narrowest part of this pathway. While awake, the muscles actively keep the air passage open. During sleep, muscles relax and this path narrows. Clinical research describes what happens during OSA. As the air passes through, the narrow passage may become partially blocked. There are pauses in breathing and throat vibrations that produce a snoring sound. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3021364/) 

· Restless legs syndrome (RLS)─Approximately 10 to 15% of the population experiences leg sensations and movements that disrupt sleep. This uncomfortable and even painful urge to move the legs usually occurs in the late evening or during the night. Sitting for long time periods of time such as on an airplane may initiate symptoms; movement such as walking may alleviate them. This is a neurological disorder that can sometimes be successfully treated by exercise, leg massages, and elimination of caffeine and alcohol from the diet. Studies find low levels of iron and dopamine in the brain of RLS patients. Scientists also suspect that the genes that manage iron concentrations in the brain may play a role in RLS, but according to the John Hopkins report, there remain, “gaps in our knowledge”. (http://www.hopkinsmedicine.org/neurology_neurosurgery/centers_clinics/restless-legs-syndrome/what-is-rls/) 

· Narcolepsy─The on-set of narcolepsy often occurs between the ages of 15 and 25 years. In narcolepsy, the brain is unable to control the sleep-wake cycles.  This chronic sleep disorder is characterized by sleep attacks in the middle of the day. The person may suddenly feel overwhelmingly tired and fall asleep for a short period of time (a few seconds to a few minutes) even while eating or holding a conversation. Sometimes there is an emotional trigger such as a response to laughter, anger or surprise. The National Institutes of Health (NIH) “Teacher’s Guide” suggests that narcolepsy may be linked to an immune system attack on the nervous system as described below:


REM sleep in people with narcolepsy frequently occurs at sleep onset instead of after a period of NREM sleep. Consequently, researchers believe that the symptoms of narcolepsy result from a malfunction in some aspect of REM sleep initiation. Some scientists believe that the immune system causes narcolepsy by attacking the nervous system (that is, an autoimmune response). In this view, exposure to an unknown environmental factor results in an immune response against nerve cells in the brain circuits that control arousal and muscle tone. 
(https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm)

More on sleep apnea (OSA) and obesity’s role in OSA


The illustration below compares normal breathing with partial obstruction and complete blockage during OSA.
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(http://stanford.edu/~pdjones/sleepapnea/sleep-apnea/causes.html)


OSA occurs when the soft tissue in narrow back of the throat collapses and physically blocks the airway preventing the air from reaching the lungs. Excessive body weight may exacerbate this condition due to the additional soft tissue present in the nasal area. These obstructions can occur frequently and may last from 10 to 30 seconds, severely disrupting the sleep cycles and the oxygen levels throughout the night. When breathing resumes, it is often accompanied by gasps or body jerks. These pauses in breathing severely disturb the quality of sleep resulting in fatigue and sleepiness in the morning. The reduction and irregularity of oxygen flow may cause heart arrhythmias. Swollen tonsils or adenoids or enlargement of soft tissue from excessive weight can further obstruct the air pathway. (http://www.aasmnet.org/resources/factsheets/sleepapnea.pdf)

The Mayo Clinic produced a short video for YouTube to show the mechanics of OSA. (http://www.mayoclinic.org/diseases-conditions/sleep-apnea/multimedia/obstructive-sleep-apnea/vid-20084717)

Various treatment methods include changing sleeping positions and diet; using mechanical devices that force air through the nasal passages and dental appliances designed to lower the jaw and tongue; and undergoing surgery to remove tonsils or to widen the pathway. (http://www.sleepapnea.org/treat/childrens-sleep-apnea.html)


Sleep deprivation is often accompanied by weight gain. When sleep deprived, people frequently crave calorie-rich, sugary food to provide a quick boost of energy. In addition, those who stay awake late into the night are more prone to snacking in the long hours following dinner. The helpguide.org discussion, “How sleep deprivation can add to your waistline”, discusses the hormonal regulation of hunger:

There are two hormones in your body that regulate normal feelings of hunger and fullness. Ghrelin stimulates appetite, while leptin sends signals to the brain when you are full. However, when don’t get the sleep you need, your ghrelin levels go up, stimulating your appetite so you want more food than normal, and your leptin levels go down, meaning you don’t feel satisfied and want to keep eating. So, the more sleep you lose, the more food your body will crave.

(http://www.helpguide.org/articles/sleep/how-much-sleep-do-you-need.htm) 

More on dreams and nightmares


Dreaming usually takes place during REM sleep, but it may also occur during NREM, usually soon after sleep begins. Most people spend about two hours dreaming during the night. Dreams may vary from fairly ordinary experiences to the very bizarre, but they rarely portray realistic experiences. (http://www.ninds.nih.gov/disorders/brain_basics/understanding_sleep.htm#dreaming)
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Scanning studies of the brain show the areas that are active during REM dreaming. The active areas are shown shaded in the image to the right. The areas responsible for higher level thinking skills such as planning, organizing, and problem solving reside in the frontal lobe of the brain (see diagram below). The frontal lobe is not active during dreaming. Many people speculate, but scientists have not determined, the meaning of dreams or the reasons for dreaming.

(https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm)
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(http://www.cancerresearchuk.org/prod_consump/groups/cr_common/@cah/@gen/documents/image/cr_116646.jpg)

Nightmares are often considered within a collection of sleep disorders designated as parasomnias. This group also includes walking and/or talking during sleep and bed-wetting. Nightmares usually occur during the REM stage, but extreme nightmares may occur during NREM sleep. Nightmares may be vivid and disturbing; often involve an instant wake-up and recall of the content; and result in feelings of stress, anxiety, and fear. Quality sleep is often disrupted during nightmares, thus leading to sleep deprivation. Nightmares usually relate to a traumatic event that involved emotions similar to those experienced at the time of wakeup.

More on risky teen behaviors when coping with lack of sleep


Teen sleep disorders, both mild and severe, may lead to behavioral problems, poor athletic and academic performance, and emotional problems. The United States Center for Disease Control and Prevention (CDC) study found that the probability of risky behaviors increased, when teens were sleep deprived.  These behaviors include substance abuse, lack of physical exercise, excess computer use, consumption of excess caffeine, and suicide attempts. (http://www.cdc.gov/media/releases/2011/a0926_insufficient_sleep.html)


In a study published in the American Journal of Health Behavior, the weekday and weekend sleep patterns of 242 teens (average age, 16.4 years) were compared to their risky behaviors. It was found that adequate weekday sleep was directly related to fewer incidents of substance abuse, depression, and school truancy. In contrast, those teens that lacked sufficient quality sleep during the week and/or whose weekly sleep schedule was erratic, displayed a larger percentage of risky behaviors. The study summary, published in the American Journal of Health Behavior, shows:
In conclusion, adequate sleep during the school week appears to be associated with lower risk behaviors and lower levels of depression in youth. However, this research suggests that parents need to pay attention not only to sleep patterns and amount of sleep that their teens get during the school week, but they also need to be alert that late bedtimes and rising times on weekends may be signaling risk-taking behaviors. Setting weekend curfews may help reduce a variety of risk behaviors. Given the demands of adolescence and the importance of this developmental period, it is critical that we better understand how lack of sleep, in addition to changing sleep patterns, may influence risk behaviors and the health of adolescents. 

(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3086400/) 

To cope with lack of sleep, teens frequently turn to coffee or other caffeine-laden energy drinks or products. The Mayo Clinic suggests that teens should limit themselves to 100 mg of caffeine per day, which is equivalent to one 5-oz cup of coffee. (http://www.mayoclinic.org/healthy-living/nutrition-and-healthy-eating/in-depth/caffeine/art-20045678)

The cover story of the February 4, 2013 issue of Chemical and Engineering News 
(C&E N) is “Caffeine Jitters”. (http://cen.acs.org/articles/91/i5/Caffeine-Jitters.html)

As the title infers, there are serious side effects associated with the consumption of too much caffeine. The symptoms are similar to those produced by amphetamines: nervousness, headache, rapid heartbeat, and possible death. The graph below shows the rapid increase in emergency room (ER) visits associated with the overconsumption of caffeine from foods and energy drinks from the year 2007 to 2011.
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(http://cen.acs.org/articles/91/i5/Caffeine-Jitters.html)

The article “Caffeine” in ChemMatters, October 2013 introduces the multitude of caffeine laden products on supermarket shelves; discusses how caffeine is metabolized in the body; and describes the dangers involved in the consumption of excess caffeine. This article is cited in the “References” section of this Teacher’s Guide.

Connections to Chemistry Concepts
(for correlation to course curriculum)

1. Rates of Reaction: Catalysis—In the brain’s pineal gland, the hormone NAT catalyzes the production of melatonin from serotonin. Figure 3 in the Harper sleep article shows the chemical reaction. Concentration of the hormone NAT increases when it is dark, thus increasing the rate of catalysis to form melatonin.
2. Biochemistry: Cycles—This article provides a basis for studying cycles in the human body that directly reference teen interests and concerns. The biochemistry of circadian rhythms and the triggers involved are explained and illustrated.
3. Biochemistry: Neural Pathways—During study of the brain, students can trace the process from the retinal trigger to the pineal gland where the hormone melatonin is produced.  

4. Organic Chemistry: nomenclature, structure—The production of melatonin from serotonin shown in Figure 3 of the Harper article, can be used to reinforce student understanding of organic nomenclature, structure, and functional groups.
5. Chemical Kinetics: Reaction mechanisms—The process shown in Figure 3 in the Harper article shows the four step mechanism involved in the organic synthesis of melatonin from serotonin.
Possible Student Misconceptions
(to aid teacher in addressing misconceptions)
1. “I can catch up on lost sleep during the weekend.” This is not the way to change your biological clock. Sleeping late all weekend tends to confuse your internal diurnal rhythm and may make it even more difficult to fall asleep during the week.
2. “During sleep, the body and the brain shut down to rest.” Actually, sleep is an active process. The average teenager burns one calorie per minute while sleeping. In addition to metabolic functions of the body, studies of brain waves show various stages of brain activity during sleep.
3. “I can cheat a bit on the amount of sleep each night.” Even if you just cut 20 minutes off the amount of sleep time that you require each night, sleep debt will gradually accumulate and can’t be easily repaid. This may affect your daytime performance in school, sports, and even your mood.
4. “My young body is very adjustable and can quickly adapt to different sleep schedules.”  One’s biological clock is set to familiar day and night schedules. Trying to quickly change this by working, studying, or playing all night, and sleeping during the day leaves one with decreased ability to solve mental problems and may reduce athletic skills.
5. “If I just pay attention to my body and go to bed when I feel sleepy I’ll get enough sleep!” For active teenagers, feeling sleepy may be at 10:00 p.m. This would be fine except when school begins at 8:00 a.m. (or earlier!) The teen body needs nine hours of sleep, so count backwards and allow an extra hour to get ready for school. This is a total of ten hours so if this is your schedule, you will have to go to sleep by 9:00 p.m.
6. “Teens need about the same amount of sleep as adults.” Teens actually need more sleep than adults, at least nine hours or more per night. So, they must carefully plan their sleep schedule to be certain that they are fully functioning and not sleepy during the day.
7. “Caffeine will take care of everything.” While drinking a cup of coffee or an “energy shot” may wake up a sleepy teen, this is a temporary situation, and too much caffeine can send you to the emergency room.

8. “If I feel sleepy while driving, I can just turn up the music loudly, open the windows, and lower the air conditioner setting, then I’ll be fine.” False, this will only temporarily reduce sleepiness and lull one into a false sense of security. The solution is to take a thirty minute nap, or better yet, get a good night’s sleep before a long road trip.
9. “Teens who fall asleep in class are lazy!” Sleeping in the morning is usually a sign that teens have not had enough sleep the night before.
10. “Counting sheep will help me fall asleep.” Relaxing thoughts or images better induce sleep than the activity involved in counting sheep. If you are still awake after 15-20 minutes, go into another room if possible to read or listen to music until you are relaxed and sleepy, then return to bed.
Anticipating Student Questions
(answers to questions students might ask in class)
1. “My little brother wakes up naturally before 7 a.m., so why am I still half asleep when the alarm rings?” Melatonin, the sleep inducing hormone, is produced about three hours earlier in children than in teens.  While the melatonin concentration in your brother’s system has diminished, concentration in your system is still high enough to keep you asleep at 7 a.m.
2. “What can I do to fall asleep more quickly at night?” The most important thing you can do to help you fall asleep at night is to create a quiet, light free environment for sleeping. Turn off your phone and television at least half an hour before bedtime and find something quiet like reading to help you relax and fall asleep quickly.
3. “Why do I feel groggy and still sleepy after a long nap?” After about 20 minutes of sleep, your brain goes into a deep sleep phase. Waking from deep sleep during a long nap may leave you feeling disoriented and groggy. Short naps, 10-20 minutes, are best.

4. “What happens to your biological clock if you are totally blind?” Since the retina in a blind eye cannot respond to light, the production of the sleep producing hormone, melatonin, is not initiated, so there will be no signal to regulate the biological clock. Melatonin supplements are available to help blind people maintain normal sleep/wake cycles.

5. “Will dreaming upset my sleep cycle?” Dreaming is normal and usually will not affect your sleep cycle and the quality of your sleep. Even if you don’t remember your dreams, studies show that most people dream for about two hours every night. On the other hand, violent nightmares may disrupt your sleep cycle, leaving you feeling tense and tired.
6. “How can I reduce my jet lag when I go to visit my grandparents in Asia?” Jet lag is the extreme tiredness that you feel after flying across several time zones. Before traveling to Asia, you can begin to reset your biological clock by changing your bed time by one or two hours each night to correspond more closely to Asian time.

7.  “Why does my uncle suddenly fall asleep in the middle of dinner?” Your uncle may have a condition called narcolepsy. If so, he has no control over when he falls asleep because his brain is unable to control his sleep-wake cycles.
In-Class Activities

(lesson ideas, including labs & demonstrations)
1. Students could debate the “pros” and “cons” of delaying start times for schools.  The student “pro” team can research the Internet and use scientific data to advocate for later school start times. The “con” team can gather community information regarding the societal effects and problems associated with later start times. This site provides a format for high school student mini-debates: http://www.proquestk12.com/productinfo/pdfs/MiniDebate_Teachers.pdf.
Additional details for debates are located at: http://www.educationworld.com/a_lesson/lesson/lesson304b.shtml. 
2. Ask students to carefully examine the structures shown in Figure 3 in the Harper sleep article and identify the organic functional groups. The molecules shown contain benzene rings, cyclohexene, amino groups, organic (carboxylic) acids, aldehydes and hydroxyl groups.  This Purdue University site provides a list of organic functional groups and their structural formulas: http://chemed.chem.purdue.edu/genchem/topicreview/bp/2organic/2org_frame.html.
3. The “Iodine Clock Reaction” lab can be used to give students hands-on laboratory experience with multi-step reactions: https://www.flinnsci.com/media/621293/91549.pdf.
Out-of-class Activities and Projects
(student research, class projects)
1. Before reading the Harper sleep article, students could watch this YouTube video at home, “Matt’s Story Rethinking School Start Times” (https://www.youtube.com/watch?v=9aqopRzY2MA) by Kelley Ditzenberger, and complete a questionnaire similar to the one that Matt used in the video, such as:
Answer the following questions based on your sleep schedule last week.

	Question
	Sunday

night
	Monday

night
	Tuesday

night
	Wednesday

night
	Thursday

night

	What time did you go to sleep?
	
	
	
	
	

	What time get up?
	
	
	
	
	

	How many hours did you sleep?
	
	
	
	
	

	Did you feel awake and rested when the alarm went off?
	
	
	
	
	


Collate the class results and discuss, or use this survey as a springboard for the next activity.

2. This activity is based on results from a class survey similar to the one above.

· Students construct a histogram or bar graph to organize class answers to the third question, “How many hours did you sleep?

· Students answer the question: “Do you see a correlation between the numbers of sleep hours shown in the histogram and the feeling of being rested?”

· Add a horizontal line above the bars on their graph to show the area where the numbers of hours of sleep match where students felt rested.

3. An extension to the previous activity: Ask students to share the reasons that prevented them from sleeping for nine hours each night and to answer the following questions as they reflect on this activity. 

· Based on your own experience, are you receiving enough sleep each night? 

· What can you do to alter your personal schedule to be certain that you allow enough time for sleep?

4. Ask students to investigate and collect Internet research on the myths surrounding the importance of sleep.  One place to begin is the Sleep Foundation web site: “Myths—Facts—About Sleep” (http://sleepfoundation.org/how-sleep-works/myths-and-facts-about-sleep). If students work as groups in class, assign each group a different myth to investigate, such as these listed on the above web site:

· Snoring is a common problem, especially in men, but it isn’t harmful.

· You can “cheat” on the amount of sleep you get.

· Turning up the radio, opening the window, or turning on the air conditioner are effect ways to stay awake when driving.

· Teens that fall asleep in class have bad habits and/or are lazy.

· Insomnia is characterized by difficulty falling asleep.

· Daytime sleepiness always means a person isn’t getting enough sleep.

· Health problems such as obesity, diabetes, hypertension, and depression are unrelated to the amount and quality of a person’s sleep.

· The older you get, the fewer hours of sleep you need.

· During sleep, your brain rests.
5. Students could prepare creative posters that explain and use scientific facts to dispel these myths. Additional information on myths can be found in the National Institutes of Health (NIH) Teacher’s Guide on “Information about Sleep”: (http://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm).
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Web Sites for Additional Information
(Web-based information sources)
More sites on sleep requirements for humans


This site from the Harvard Medical School covers age related stages of sleep requirements for people from infants to adults. Videos are included to illustrate the stages. REM and NREM patterns are discussed as well as sleep disorders. (http://healthysleep.med.harvard.edu/healthy/science/variations/changes-in-sleep-with-age)


The Sleepy Teenager is a health publication of Harvard Medical School. This article explains why teenage schedules don’t allow time for sufficient sleep and well describes the possible consequences of sleep deprivation. This article might be considered as a reading or research assignment for chemistry students. (http://www.health.harvard.edu/newsweek/The_Sleepy_Teenager.htm)

More sites on advocacy for later start times for high schools

The American Academy of Pediatrics (AAP) released a policy statement on August 25, 2014: “AAP recommends middle and high schools delay the start of class until 8:30 a.m. or later.” AAP rationale for the statement is discussed on this site: http://www.aap.org/en-us/about-the-aap/aap-press-room/Pages/Let-Them-Sleep-AAP-Recommends-Delaying-Start-Times-of-Middle-and-High-Schools-to-Combat-Teen-Sleep-Deprivation.aspx.

A good YouTube video, “Matt’s Story Rethinking School Start Times”, by Kelley Ditzenberger shows a story similar to Jilly’s experience in the Harper sleep article. Matt, an advocate for later school start times, takes data from student polls to his high school principal. (https://www.youtube.com/watch?v=9aqopRzY2MA)


The Seattle Times “Education Lab Blog”, reports that even though it is logistically challenging to change school start time, nationwide 70 school districts have accomplished this.

(http://blogs.seattletimes.com/educationlab/2014/09/30/be-heard-on-school-start-times-for-teens-seattle-forms-task-force/)  
More sites on myths about sleep


“Nine Sleep Myths that Make You Tired” in Prevention Magazine describes nine myths about sleep that will make you feel tired. The article suggests: “Ignore these myths and get more energy, sleep better and longer, and wake up happier.” Find the list at http://www.prevention.com/health/sleep-energy/9-sleep-myths-make-you-tired/1-many-people-are-short-sleepers.
More sites on consequences of teen sleep deprivation

Detailed information on sleep disorders is available from the Mayo Clinic and National Institutes of Health (NIH) at http://www.mayoclinic.org/healthy-living/tween-and-teen-health/in-depth/teens-health/art-20046157 and https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm.
More sites on the biochemistry of sleep


The chemistry of the synthesis of melatonin from serotonin is discussed on the web page for the chemistry department of Imperial College, UK. Structural formulas for this multi-step process are shown. (http://www.ch.ic.ac.uk/local/projects/s_thipayang/synth.html)


The International Journal of Endocrinology paper, “Sleep and Metabolism: An Overview”, provides a comprehensive review of the links between sleep and metabolism. (http://www.hindawi.com/journals/ije/2010/270832/)

More sites on the NREM/REM cycles of sleep


University of California, Berkeley (UCB) describes “short-term euphoria” as a lesser known side effect of sleep deprivation leading to “poor judgment and addictive behavior”. This may occur as a result of NREM/REM sleep disruption. (http://newscenter.berkeley.edu/2011/03/22/pulling-an-all-nighter/)
More sites on jet lag


The journal Current Biology contains the article “Social Jetlag and Obesity” that describes the relationship between adult social jetlag and potential obesity. This can easily be compared to teen social jetlag. (Current Biology 22: 939–943, 10 May 2012; http://www.sciencedirect.com/science/article/pii/S0960982212003259)
You can find a 4:56 abstract of the article about jetlag cited above, “Social Jetlag and its Consequences”, on YouTube: https://www.youtube.com/watch?v=iZ_VH2Zh1lU. The video describes human life controlled by three clocks: alarm, social, and body (internal). The difference between the social and body clocks lead to sleep deprivation behaviors.
More sites on severe sleep disorders: insomnia, restless leg syndrome, narcolepsy


A comprehensive presentation of insomnia can be found on this Mayo Clinic website. Following a definition, causes, risk factors, and complications that are similar to those of other sleep disorders are listed.  

(http://www.mayoclinic.org/diseases-conditions/insomnia/basics/definition/con-20024293)

An in depth discussion of the symptoms and known causes of Restless Leg Syndrome (RLS) leaves the reader with the understanding that there are still gaps in our knowledge of gene function in the brain. This website shows an overview; the left margin contains links for other sections of the report. (http://www.hopkinsmedicine.org/neurology_neurosurgery/centers_clinics/restless-legs-syndrome/what-is-rls/)

A “Narcolepsy Fact Sheet” is located at the National Institute of Neurological Disorders and Stroke (NINDS). In narcolepsy, the brain fails to control the sleep cycle. Interference with normal NREM and REM patterns affects daily activities such as concentrating on studies, driving safely, and interacting socially.

(http://www.ninds.nih.gov/disorders/narcolepsy/detail_narcolepsy.htm)

More sites on obstructive sleep apnea (OSA), misdiagnosis, and obesity


To show your students exactly how OSA occurs, visit this site, scroll down to the illustration of the sleeping man, and click on the start button.  An excellent animation with audio description shows the normal breathing process, snoring, and complete obstruction of the air passage. Written text of the audio portion is shown on the right of the screen.
(http://www.nhlbi.nih.gov/health/health-topics/topics/sleepapnea/)

There are also two good videos that show OSA in action. The first, a Mayo Clinic site video, is a one-minute video clip with the script written under the video, creating a very nice teaching tool. (http://www.mayoclinic.org/diseases-conditions/sleep-apnea/multimedia/obstructive-sleep-apnea/vid-20084717) 
The second YouTube video on OSA, produced by Nuclear Medical Media, is more detailed and includes the causes and prevention. (https://www.youtube.com/watch?v=i6lxO6W2-m8)


This site from the Sleep Apnea Association discusses the symptoms of OSA in children and how those symptoms are frequently confused with similar behavioral patterns of children with attention-deficit hyperactivity disorder (ADHD). (http://www.sleepapnea.org/treat/childrens-sleep-apnea.html)

The American Academy of Sleep Medicine page, “Obstructive Sleep Apnea (OSA)”, describes treatments for the OSA. (http://www.aasmnet.org/resources/factsheets/sleepapnea.pdf)


Some of the “overabundance” of ADHD cases may be explained by the misdiagnosis of OSA due to symptoms caused by swollen tonsils. This article from the Columbia Chronicle (Columbia College, Chicago) provides a good explanation of the effect on NREM/REM sleep patterns by OSA and the resulting sleep deprivation. (http://www.columbiachronicle.com/arts_and_culture/article_f05d529a-525a-11e4-ac54-001a4bcf6878.html)

Material in this web site looks at the interactions between body weight and OSA and the implications for treatment. The authors conclude that due to the complex nature of OSA symptoms and their causes, treatment requires a multidisciplinary approach. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3021364/)
More sites on dreams and nightmares


The following site suggests that taking a closer look at dreams may help the understanding of nightmares. The two website articles discuss sleep walking and acting out while dreaming or during a nightmare. (http://www.psychologytoday.com/conditions/nightmares) and (http://sleepfoundation.org/sleep-disorders-problems/abnormal-sleep-behaviors/nightmares-and-sleep)
More sites on teen at-risk behaviors as a consequence of sleep deprivation


On the Florida International University (FIU) site, sleep deprivation is linked to risky behavior in teens such as substance abuse, drunk driving, suicidal tendencies, and obesity.   (http://news.fiu.edu/2014/04/research-links-extreme-sleep-deprivation-to-health-and-behavior-problems-in-teens/76986)

The United States Center for Disease Control and Prevention (CDC) states that almost 70 percent of high school students do not sleep long enough each night. Listed are the risky behaviors associated with teen sleep deprivation.

(http://www.cdc.gov/media/releases/2011/a0926_insufficient_sleep.html)


The National Institutes for Health (NIH) provides additional details on risky behavior caused by sleep deprivation, specifically due to disruption of the NREM/REM cycle. The publication also states: “In addition, sleep deficiency has played a role in human errors linked to tragic accidents, such as nuclear reactor meltdowns, grounding of large ships, and aviation accidents.” 

(http://www.nhlbi.nih.gov/health/health-topics/topics/sdd/)
More sites on general references for sleep


Section 3.9, “Evolution of sleep”, found in the National Institutes of Health (NIH) Teacher’s Guide, Information about Sleep, compares the patterns, habits, postures, and places of sleep for various animals. Mammals usually follow NREM/REM cycles, but the time spent in each pattern is different (brown rats average 19.9 hours per day, while giraffes average only 1.9 hours) than that required for quality human sleep. Birds spend only 2.5 minutes in NREM and 9 seconds in REM; lizards have not demonstrated REM patterns in current studies.

(https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm)

Sleep deprivation in teens may lead to risky behaviors such as drug use, especially performance enhancing drugs such as steroids. The following references provide details on the increase in drug abuse visits to emergency rooms, the effects of steroid abuse, and what is being done to identify and reduce drug use at high schools and colleges.

Another interesting topic is the connection between lack of sleep and impaired memory. Since sleep deprivation is one of the tools used in the interrogation of prisoners, one could question the reliability of testimony obtained from a sleep deprived individual. The next sites provide information on memory loss or distortion due to lack of sleep. 

Sleep deprivation may lead to loss or clouding of memory. A University of California, Irvine (UCI) study led by Steven Frenda and published in Scientific American found that after hours of interrogation by the police, people who average less than 5 hours of sleep a night frequently mixed facts with imagination and even reported things that never happened. See more at http://www.scientificamerican.com/article/all-nighters-could-alter-your-memories/.
Frenda’s work on false memories is also discussed in “Let the Body Rest, for the Sake of the Brain”, published in The Atlantic Monthly, 2014. (http://www.theatlantic.com/health/archive/2014/10/let-the-body-rest-for-the-sake-of-the-brain/381582/) 
Frenda’s research was also published in the Journal of the Association for Psychological Science. (http://www.psychologicalscience.org/index.php/news/releases/sleep-deprivation-may-increase-susceptibility-to-false-memories.html)

Sleep Medicine at Harvard Medical School links types of memory with stages of sleep. (http://healthysleep.med.harvard.edu/healthy/matters/benefits-of-sleep/learning-memory)

Quanta Magazine, published an article, “Mental Leaps Cued by Memory’s Ripples”, that reports on studies of how the brain organizes memories. The studies show links between memory and decision making that involve sharp-wave ripples (SWRs). Studies on rats show that SWRs occur only during sleeping, under anesthesia, or periods of immobility. (http://www.quantamagazine.org/20141022-mental-leaps-cued-by-memorys-ripples/)

General Web References

(Web information not solely related to article topic)


The Drug Abuse Warning Network (DAWN) is a public health surveillance system that monitors drug-related visits to hospital emergency departments (ED). From 2005 to 2011, there was a 51 percent increase in drug related ED visits involving suicide attempts among people 12 and older. Data is charted and discussed here:

http://www.samhsa.gov/data/sites/default/files/DAWN-SR154-SuicideAttempts2014/DAWN-SR154-SuicideAttempts2014.htm.


This Cleveland Clinic article details many of the health effects of steroid abuse: http://my.clevelandclinic.org/health/drugs_devices_supplements/hic_Steroids_Anabolic-Androgenic.

The next three sites discuss banned substances and drug testing in schools:


This article from The School Administrator (online) highlights the effort of several school districts to test for steroids: http://www.aasa.org/SchoolAdministratorArticle.aspx?id=8104.

The National Institute of Drug Abuse frequently asked questions about drug testing schools can be found at http://www.drugabuse.gov/related-topics/drug-testing/faq-drug-testing-in-schools.

The National Collegiate Athletic Association (NCAA) site on banned and restricted substances is found here: http://www.ncaa.org/health-and-safety/policy/drug-testing.

Another interesting topic relates to the circadian rhythms of people who live at the far north and far south latitudes. They experience 24 hour days when the sun either shines or doesn’t shine. Researchers have found “evidence of clock gene alleles along latitudinal/photoperiod clines in humans”. The report of the study “Genetic Differences in Human Circadian Clock Genes among Worldwide Populations” can be found at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2579796/.
More Web Sites on Teacher Information and Lesson Plans

(sites geared specifically to teachers)

The National Institutes for Health (NIH) has posted a very comprehensive, well organized, and easy to read teacher’s guide, “Information about Sleep”: https://science.education.nih.gov/supplements/nih3/sleep/guide/info-sleep.htm#content. This publication begins with, “Sleep is not just something to fill time when a person is inactive. Sleep is a required activity, not an option.” The guide, designed for teacher use, proceeds to provide details on the physiology of sleep and the consequences of sleep deprivation.


An almost-companion guide, published by the National Heart, Lung, and Blood Institute of the National Institutes of Health (NIH) places additional emphasis on the problems associated with lack of sleep, “What are Sleep Deprivation and Deficiency?” (http://www.nhibi.nih.gov/health/health-topics/add/printall-index.html)


The Oregon Health Science University (OHSU) has designed training programs (ATLAS and ATHENA) for coaches that are specifically designed to discourage steroid use among student-athletes. The home page of the ATLAS program provides a basic description, research findings, and program materials. Further information on these programs can be found at
http://www.ohsu.edu/xd/education/schools/school-of-medicine/departments/clinical-departments/medicine/divisions/hpsm/research/atlas-and-athena-program.cfm.
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