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Abstract
Our senses help shape how we behave and react to our environment.  They also provide input about our environment and help us encode what we learn into our memory.  Much of the knowledge that we receive through visual, oral, auditory, olfactory, and tactile/psychomotor processes provide a database for us that can be retrieved for later use or be integrated with our previous experience.  The purpose of this research is to determine the effects of sensory experiences on cognition and memory retention in literacy.  Knowledge obtained from this investigation can benefit those who find it difficult to gain thorough and in-depth knowledge of a topic, or to retain and recall information, especially in the area of life sciences.  Many topics taught require spatial thinking: the ability to analyze, problem solve, and predict patterns.  An individual has to develop the ability to imagine what a phenotype of a heterozygous pea plant might look like if it is dominant red.  She may need to remember major arteries and veins and then be able to describe their path and what they carry. How do pupils understand and retain such information?  One key component is developing several connections to a concept, and the second key is employing sensory experiences that support the recall of subject matter.  Research has indicated that engaging our senses to learn and “see” a concept greatly enhances our ability to understand and retain what we have learned.  Engaging our senses while learning results in the encoding of what we have experienced into something that can be processed, retrieved and recalled from our short and long-term memories. This study also aims to determine which sensory experience(s) can aid and cue for cognition and memory retention/recall and if an accumulation of sensory experiences further enhances learning and memory.
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Introduction
The Effects of Sensory Experiences on Science Literacy Learning and Retention

All of us live in a world filled with wondrous things to see, touch, smell, taste, and hear.  Our senses bring richness to our lives and help us to interpret and connect to our universe and all living and non-living things that encompass it.  Based on previous experiences, if someone speaks the word “butterfly,” we are quick to recall that it is a flying creature.  If we see a butterfly, we add more data to our working memory.  We are able to precisely pinpoint its color, size, and how it moves.  If we hold it, we can add more details to our knowledge base.  Is it frightened?  Does it have prickly or tickly legs?  Is it fragile or heavily armored?  Smelling it or tasting it will give us yet another set of connections to increase our burgeoning information file on this animal.  Further, our senses can help us retrieve and recall information that includes details and specifications about that particular experience. Research of visual, auditory, tactile/psychomotor, olfactory, and oral senses indicate that each sense has value for increasing cognition and/or short and long term memory retention. Studies have shown that students learn multi-dimensionally and can benefit from curriculum that incorporates activities related to different learning styles, such as visual, auditory, oral, olfactory and tactile. Including several of the senses can help insure the success of the entire class and not just a select few (Gilakjani and Ahmadi, 2011). This study aims to determine which of the senses plays the strongest role in memory retention and recall and which senses increase cognition.  The research also attempts to determine if some, or an accumulation of sensory experiences, can specifically increase cognition and memory recollection.
Literature Review
How Hearing Music Affects Our Memory

How many of us can recall the alphabet and use the “alphabet song” to do it?  Music is an important tool for improving learning, comprehension, and increasing literacy retention, yet it continues to be under utilized in the classroom as a learning aid (McKee, 2011).  The type of music a student listens to can play an important role in learning, since it affects arousal and mood of the listener.  In recent years, a phenomenon called, “The Mozart Effect” was discovered when individuals who listened to music composed by Mozart appeared to have an increase in spatial-temporal ability to create mental images and recall number sequences (Rauscher, Shaw, Levine, and Ky, 1994). However, other research indicates that any music or any aural stimulus, such as a story, that increases arousal and mood in an individual, also achieves enhanced cognitive performance, as well as spatial-temporal skills when listeners listen to their preferred stimulus (Nantais and Schellenberg, 1999).  Further, listening to music that a listener favors and that also fulfills the requirements of elevated energy (arousal) and mood does more than just increase skills in spatial temporal measures and cognition.  It also has the ability to extend into the realm of creative endeavor (Thompson and Schellenberg, 2001).  Technological advances and higher educational goals in our society equate to a heavier burden on teachers and students to “up the ante” in preparing to live and work in a highly complex environment.  Children and youth now have greater access to a variety of music and can stream it from their computers to their iPods, and other devices, instantly.  Teachers can take advantage of familiar millennial-age technology by tapping into what students are listening to on the Internet and pairing it with literacy lessons.
Can Specific Smells Trigger Recall?

It has been well documented that smells can provide a portal to memories when they have been present during the manufacture of those memories.  Lovers across continents and throughout history have judiciously worn perfumes and spices to attract suitors and remind loved ones of who keeps the home fire burning for them.  We burn incense to initiate meditation or perform a sacred ritual because the scent cues us to become contemplative.    We buy or make cleaning products that are lemon scented because we have learned that the smell of lemon is associated with the smell of “clean.”  Our olfactory sense is a powerful tool in memory and recall. When an experience is remembered because of a smell that was present at the time the experience was created, it is called context-dependent learning (Raudenbusch, 2004).  Smells have the ability to encode data which can later be recalled when the same odor is detected. Hence, scents in the learning environment play a significant role in the recall of important information (Raudenbush, 2004).  Studies show that peppermint has memory-boosting attributes and it accelerates greater cognition and improved mental performance and focus.   In a study conducted by Moss and Hewitt (Moss, Hewitt, Moss, 2008), 144 undergraduate students and general public participants were given word, number, and picture memory tasks to complete while an aroma diffuser dispersed peppermint oil into the air of each of the participant’s cubicle.  Participants were tested on their reaction time and quality of recall from a word list of two-and three-syllable words and from a presentation of twenty images they had previously viewed. Spatial-working memory, numeric working memory, word and picture recognition, and immediate and delayed word recall tests were performed on the participants.   The results of these tests indicated that peppermint significantly increased cognitive performance, quality of memory, alertness, and attention (Moss, 2008).
How Chewing Gum Can Aid in Learning

Certainly there are physical aspects that help us think and remember information.  An increased heart rate pumps more oxygen to the brain, which is important in cognition.  Activity in the hippocampus region of the brain is related to memory, and certain activities like chewing stimulate this part of the brain to function (Scholey, 2000).  It is not surprising to understand that our energy levels cycle throughout the day and that we may not always be running at our optimal learning capabilities.  This is where gum can be useful.  The physical aspect of chewing gum engages several areas of the brain and affects neurotransmitter functions.  Various studies have conflicting results as to whether or not chewing gum helps a student learn or remember.  However, it has been shown that gum chewing does increase the alertness of an individual, allowing for a more sustained focus on tasks (Smith, 2010).  The arousal factor that results from increased alertness when chewing gum also improves mental thought processes (Smith, 2009).  This makes gum a valuable component in the classroom because students’ ability to stay on task could parlay into better test taking and play a part in preparing the student for learning.
The Eyes Have It
One of the most researched of all the senses in relation to memory and learning is the use of pictures as an aid for cognition and memory retention.  Pictures are produced in many forms and can now be viewed on many devices. Among the many benefits that images have is the ability to create connections between picture and text.  Further, a good picture can go beyond the meaning of text and provide detail and fuller meaning to a story or concept.  It can fill in gaps and create nuances that the reader may not be able to derive from the story alone.  Even before we learn to speak, images have helped us understand the world. Previous research shows that specific illustrations that relate to text help students to process information. One researcher, Levin, noted five types of illustrations affiliated with text: decorational, representational, organizational, interpretational and transformational.  Of these, representational, organizational, interpretational, and transformational are keys to learning.  
Decorational text simply adorns the pages with generic picture and offers little to no value to the text.  Representational illustration helps to portray scenes from text.  Organizational illustration helps readers develop a framework of text content.  Interpretational illustration helps students figure out hard-to-understand written concepts.  Transformational illustration provides the reader with mnemonic, or memory enriching “bits,” that aid in recalling key information in a text.  The “bits” help an individual to “pull up” other pieces of related information that form a more complete picture of information (Levin, 1981). 

Pictures can be motivational, help student’s focus their attention, help clarify and process text information, and provide mnemonic coding for memory recall. The more complex the text, the more beneficial relevant illustrations are (representational, organizational, interpretational and/or transformational). It has been suggested that transformational pictures facilitate great text-to-meaning gains in students and higher order application gains through mnemonic memory recall (Carney and Levin, 2002).  Carney’s and Levin’s research (2002) offer ten commandments for quality and purposeful illustrations [See Appendix A]. They are listed here in Appendix A because they are important when choosing images that will help students learn and promote retention in what they read.  

In many cases, we are more likely to create greater insight and meaning from complex material by using visual images, such as illustrations and graphics.  Some data actually presents better as a visual rather than as text or computations (Stokes, 2001).  Quality visual aids, which are related to the studied text, help us in our reading to learn process.  The use of visual aids can also enhance the creativity and motivation of students and lead to greater cognitive results.
Using Tactile Skills Enhances Cognition and Memory Retention

Theorists such as Jean Piaget and John Dewey had been strong proponents of hands-on learning because they believed that children learn through experiences.  Exploring concepts and objects through touch and manipulation integrate several sensory experiences, such as visual, oral, olfactory, and auditory.  Each sense contributes its own set of memories and when brought together, provides stronger and more easily retrieved information (Adams, 1976).  A hands-on approach develops critical thinking and problem- solving skills.  In a study developed by Korwin and Jones (1990), 50 eighth graders enrolled in math and industrial arts classes were divided into two groups.  Each received instruction in the concept of geodesic domes. Group A was given a hands-on project of geodesic dome building, as well as a reading.  Group B was given a reading and a lecture that included illustrations.  Both were tested for any measurable differences in their knowledge of the instruction.  Group A’s scores were significantly higher than Group B’s. This reflected that a greater amount of information was gleaned from the hands-on approach. Each group was also tested two weeks later to measure retention of knowledge.  Korwin and Jones concluded that even though group A scored slightly lower than Group B, group A’s knowledge of the subject was still greater than group B’s, indicating that individuals that learn more, also retain more by using psychomotor (tactile) skills (Korwin and Jones, 1990).

If our senses can help our ability to make connections to our diverse world and how we perceive it, why, as teachers and educators, do we limit our students, particularly as they get older, to sterile classrooms, dry lectures, and dull textbooks?  Many teachers try to discover the “magic bullet” in helping students learn by scouring the educational magazines for the latest tool or buying into a “new methodology” when simply, the best tools for learning and remembering what we learn, may well be under or on, our students’ noses, eyes, ears, hands, or mouths—literally. 
This research is comprised of studies I did the Spring of 2013 and the Fall of 2013. The Spring data is listed first, with the Fall data following under its own separate header.
SPRING  2013
Materials and Methods

All sessions were done during the regular class hour of the middle school general science class and the high school biology and chemistry classes.  Each session lasted forty-five minutes. During the course of several weeks, all groups received one current science-related article on a chosen day that was read silently by each participant and lightly discussed as a class.  In the study groups, a different sensory experience was incorporated before the reading of the same article.  After the reading of each article, all participants took a quiz that asked content questions about the article.  Each group retook the same quiz, a week later, with the test groups having the same sensory cues as they did when they first read that article. 
Participants for Research of Sensory Cues #1:
20 seventh grade science students (control group), with an average age of 13 years

15 seventh grade science students (study group), with an average age of 13 years

24 high School junior/senior chemistry students (control), with an average age of 17 and 18 years

22 high school sophomore biology students (control), with an average age of 16 years  

8 high school sophomore biology students (study), with an average age of 16 years

Each of these groups were students of actual school classes at St. Croix Central Middle and High Schools 

*Not all study group students turned in their permission slips, so there were less study participants than control participants.

Each study group received a pre-survey questionnaire [See Appendix B] that asked about each student’s own perception of how they best studied and retained information, as well as if there was a preference for gum flavor (to be used in the oral sensory experiment). 
Pre-Assessment Survey

The actual survey can be found as Appendix B. Below, is a breakdown of student responses indicating through which sense they believe they learn best. Each number represents all students who turned in the survey.
Pre-Assessment Survey of Students’ Perceptions of Sense Linked to Learning
	Grade
	Auditory
	Oral
	Smell
	Tactile
	Visual

	7 th Grade 
	7
	14
	4
	26
	25

	High School
	28
	7
	6
	40
	36


Senses Ranked in Order That Students Believed Helped Them Learn Best:


The seventh graders ranked the senses, from the most helpful to the least helpful for learning, in the following order:  Tactile/Kinesthetic, Visual, Oral,  Auditory, Smell.
The high school students ranked the senses, from the most helpful to the least helpful for learning, in the following order: Tactile/Kinesthetic,  Visual,  Auditory, Oral, Smell.
Gum Preference: 

Students were asked to rate what gum flavor they preferred to chew from the following choices: peppermint, watermelon, strawberry, cinnamon, and apple.  Peppermint was rated as the first preference, followed in order by watermelon, strawberry, cinnamon, and apple flavor.
Music Session (Auditory)



Experimental study groups listened to 3 consecutive pieces of music that were familiar to the students and had mood elevating and stimulating elements.  The music was played on a computer. They were: 


“300 Violin Orchestra” (Quintero, 2013) 


“Trashin’ the Camp” (DisneyWorldMusic, 2013).
Gum Chewing Session (Oral)

Study/Experimental students were allowed to choose either peppermint or watermelon gum to chew while reading the article and taking the quiz. 
Duck and Oil Spills Session (Visual/Tactile)

A mature Pekin duck was used for observation and for students to pet while the animal was held. White craft feathers, motor oil, Dawn dish detergent, and water were used in a student hands-on activity sensory experience.
Peppermint Oil Session (Olfactory)



A white cotton cosmetic pad, permeated with two drops of peppermint essential oil, was applied to the front neckline of each study participant. 
Quiz Elements


Each quiz consisted of the following elements: two true/false questions, two multiple choice questions, two fill-in-the-blank questions, and one short answer question.  Each quiz was worth 10 points.  
Articles


Each article was composed of recent news events related to science.  Each student read the following article topics silently:
1. Music Session, Article 1: “Dolphin Therapy Fights Depression” [Appendix C]
2. Oral Session, Article 2: “Cloning Record Broken-Next Up: Cloning From Faeces” [Appendix D]
3. Olfactory Session, Article 3: “Reap the Whirlwind” [Appendix E]

4. Visual/Tactile Session, Article 4: “Huddled Messes” [Appendix F]
Procedure
Music Session


While the two songs played, study group students were given an article to read on dolphins and depression [Appendix C].  After all the students had read the article, “Trashin’ the Camp” was played as the quizzes were handed out. The control groups received no sensory experience during the reading of the article or the taking of the quiz. 

One week later, experimental students listened to “Trashin’ the Camp” while taking the identical quiz. 
The control groups were given the quiz, but received no sensory experience.
Oral Session

A recent article about cloning in mice [Appendix D] was handed out while each study group student chewed their choice of peppermint or watermelon gum.  After students had read the article, students were given a quiz while still chewing gum.  Control groups were given the same article and quiz, but they were given no sensory experience.
One week later, the study groups chewed the same flavor of gum and took the same quiz.  The control groups took the identical quiz without any sensory experience. 
One week later, the experimental and control students took the identical quiz.  The study groups chewed the same flavor of gum during the quiz.  The control groups received no sensory experience during the quiz.  
Olfactory Session



A white cotton cosmetic pad, permeated with two drops of peppermint essential oil, was applied to the front neckline of each study participant.  A current article about a new energy efficient windmill, called a Solar Vortex, [Appendix E]was handed out for each student to read. After a student flipped the article over, she received a quiz on the article.  Control groups were given the same article and quiz, but they were given no sensory experience. 

One week later, both groups took the same quiz.  The study groups had peppermint oil diffused into the air while the control groups received no sensory experience.
Visual/Tactile Session

Students were given a recent article to read about oil spills and how volunteers removed oil from waterfowl [Appendix F].  A live Pekin duck was held and each student was able to observe and pet the duck.  The duck was put back in its enclosure, and white craft feathers, motor oil, Dawn dish detergent, and water was used in a student hands-on activity whereby each student was given a dry, white craft feather to observe.  Then each student dipped his/her feather into motor oil that was contained in a plastic condiment cup.  Students observed what happened to the feather.  The oiled feather was placed in a plastic tub of soapy water (Dawn dish soap and water) and each student scrubbed his/her feather until it no longer felt oily to touch, dried it, and combed the feather with his/her fingers to get the barbs on the feather to reattach. Each student was then immediately given a ten-point quiz on the article.  Control groups were given the same article and quiz, but they were given no sensory experience.
One week later, the study groups took the same quiz with the visuals present.  The control groups were given the same quiz with no sensory experience.
Statistics
Each quiz was worth ten points. Because study groups were smaller than control groups, averages from each class were taken.  Class averages were calculated by adding all quiz scores and dividing that total by the number of students in class on that given day. Scores from the first quiz in each category were used to analyze cognition and recall.  Scores from the quiz given a second time and a week later were used to determine the retention rate for each student group in each sense category.  In each sensory category, percent changes for each group was calculated by subtracting the group’s lower quiz score from the higher class average quiz percentage.  The resulting percent change was recorded as either a positive or negative change between the first time and second time the quiz was administered.  The results were used to compare any differences in retention between quizzes per group and then also used to compare changes in retention for each sensory category.


Research Results
*For efficiency, “HS J/S” represents the high school junior/senior chemistry class.

“HS Soph” represents the high school sophomore biology class.

“7” represents the general science seventh grade class.

“Quiz Score %” refers to scores from each quiz in percent. 

“Post Quiz %” refers to quizzes given a second time and a week later after each reading.

Ten point quiz scores were converted to percentages.
Comparisons of Immediate Quiz Score Percentages and Score Percentages of Same      Quizzes-One Week Later

	Group
	Auditory
	Oral
	Visual/Tactile
	Olfactory

	
	Quiz Score %
	Post Quiz %
	Quiz Score %
	Post Quiz %
	Quiz Score %
	Post Quiz %
	Quiz Score %
	Post Quiz %

	Control HS J/S
	88.3%
	72.0%
	94.2%
	88.2%
	79.1%
	79.1%
	71.2%
	57.0%

	Control HS Soph
	69.3%
	54.0%
	78.2%
	73.2%
	79.0%
	82.0%
	62.3%
	55.9%

	Control 7
	53.1%
	28.6%
	77.2%
	48.3%
	62.0%
	37.6%
	53.0%
	40.5%



	Study HS Soph
	78.5%
	54.0%
	72.5%
	88.7%
	71.2%
	68.5%
	51.2%
	41.2%

	Study 7
	76.0%
	69.0%
	75.3%
	73.3%
	71.8%
	61.3%
	50.0%
	47.3%




Auditory: Both study groups scored higher than their control groups in cognition and recall on the initial test.

Post Test: Both study groups scored higher than their control groups in retention.
Oral: All control groups scored higher than their study groups in cognition and recall on the initial test.

Post Test: Both study groups scored higher than all the control groups in retention.
Tactile/Visual: The control groups in high school scored better than the high school study group in cognition and recall on the initial test.

The 7th grade study group scored better than the 7th grade control group in cognition and recall on the initial test.

Post Test: The high school control groups scored higher than the high school study group in retention. The 7th grade study group scored higher than the 7th grade control group in retention.
Olfactory: Both control groups scored higher than their study groups in cognition and recall on the initial test.

Post Test: The high school control group scored higher than the high school study group in retention. The 7th grade study group scored higher than the 7th grade control group in retention.
Score Percentage Changes-Specific to Group:

	
	Auditory
	Oral 
	Visual/Tactile
	Olfactory

	Control HS J/S
	-16.3%
	-6.0%
	0%
	-14.2%

	Control HS Soph
	-15.3%
	-5.0%
	+3.0%
	-6.4%

	Control 7


	-24.4%
	-28.9%
	-24.4%
	-12.5%

	Study HS Soph
	-6.3%
	+16.2%
	-2.7%
	-10%

	Study 7


	-7.0%
	-2.0%
	-10.5%
	-2.7%


In the music category, both study groups had the smallest change of scores between quizzes, with the sophomore study group having the least change in retention of all groups, at -6.3%. The greatest negative retention change was displayed by the seventh grade control group, with a percentage change of -24.5%.

In the oral category, both study groups had the smallest change of scores between quizzes, with the sophomore study group actually achieving a gain in retention by +16.2%. 

The greatest loss of retention was in the seventh grade control group at -28.9%.

In the visual/tactile category, the two high school control groups had either no change or an increase in retention from the first quiz over all the study groups.  The high school sophomore study group had an increase of retention by three percent. One, seventh grade control group had a negative retention change of -24.4%, showing the greatest loss of retention of all groups. 

In the visual/tactile category, the groups with the least change in retention was the high school junior/senior control group (0% change), followed by the sophomore control group at a gain in retention of +3%.  The greatest retention loss was with the seventh grade control group at -24.4%.

In the olfactory category, there was minimal retention loss, with the sophomore control group at -6.4%, followed by the seventh grade study group with -2.4%.  The greatest retention deficit was found in the high school junior/senior control group with -14.2%, followed by the seventh grade control group at -12.4%.
FALL 2013

Expanded Research Using Specific Senses for Cognition and Recall as a Layered Approach
In the fall of 2013, I expanded my research to ascertain whether certain senses tagged for their specific ability to help learn or recall information could offer greater cognition or recall of text and if a cumulative effect of sensory experiences would further enhance the ability to learn and remember literacy information. From my previous study, it appeared that peppermint oil may help students focus and concentrate on a given topic if the oil were diffused into the air while learning about a topic.  Music, (meeting the parameters of mood elevation and stimulation), as well as visual and tactile aids, could develop cues for learning information and chewing gum (oral) could help retrieve information from one’s memory. In my follow up study, I diffused peppermint oil before and throughout each reading session to hone students’ concentration and to use auditory, visual, and tactile aids during the learning/reading portion of each text article.  Peppermint gum, a possible oral aid for memory recall, was employed in the review/test phase of my research. As I was a long-term biology substitute teacher at St. Croix Central High School, I was able to gather data from two junior/senior high school biology classes there.
Procedures and Materials

Participants #2 for Expanded Research: Specific Senses for Learning/Recall:
16 junior/senior students, consisting of males and females, with an average age of sixteen in the study (experimental) group

16 junior/senior students, consisting of males and females, with an average age of sixteen in the control group
Both groups were actual students that attended St. Croix Central High School and were enrolled in Biology 11 classes.

* Not all students were present in class during research times, so scores for each group were averaged according to the number in attendance.

All sessions were done during the regular high school biology II classes.  Each session lasted forty-five minutes. During the course of two weeks, all groups received one current science- related article on a chosen day that was read silently by each participant and lightly discussed as a class.  In the study group, peppermint oil was diffused into the air before and during the reading of each article.  The first day, the control group read the same article without the diffusion of peppermint oil.  In order to control the number of variables within each session and to learn whether or not a specific sense was the cause for a learning or recalling cue, the control group also received sensory experiences in the same order, but one sense short, of the study group. Both groups read the same articles in the same order of events. 
The sequences are listed in their order, below:
Study Group, Session 1: 

Article 5, (“View to a Cell”), [Appendix G]-Peppermint Oil diffusion

Control Group, Session 1:

Article 5, [Appendix G] -No peppermint oil diffusion
Study Group Session 2:

Article 6, (“32,000-Year-Old Plant Brought Back to Life: Oldest Yet”), [Appendix H]-Peppermint oil diffusion, music : “Trashin’ the Camp” (DisneyWorldMusic, 2013), Piano Concerto No 10, K365 (Kazuma, 2013)
Control Group, Session II

Article 6, [Appendix H]-Peppermint oil
Study Group, Session III:

Article 7, (Opinion: The Case for Reviving Extinct Species”), [Appendix I]-Peppermint oil, music, visual aids

Control Group, Session III:

Article 7, [Appendix I]-Peppermint oil, music
Study Group, Session IV:

Article 8, (“Free Range Eggs vs Caged Eggs-What’s the Difference-Nutritionally?”), [Appendix J]-Peppermint oil, music, visual aids, tactile aid
Control Group, Session IV:

Article 8, [Appendix J]-Peppermint oil, music, visual aids
Study Group, Session V;

Review Test of all articles, [Appendix K]-Peppermint gum
Control Group, Session V:

Review Test of all articles, [Appendix K]-No sensory experiences
Articles for Expanded Research Sessions
The following articles were obtained from kid-friendly websites and were current science related stories meant for middle school-high school reading levels. 
Article 5, paired with olfactory session: “View to a Cell” [Appendix G]
Article 6, paired with music session: “32,000-Year-Old Plant Brought Back to Life: Oldest Yet” [Appendix H]
Article 7, paired with visual session: “Opinion: The Case for Reviving Extinct Species”, [Appendix Q]
Article 8, paired with tactile session: “Free Range Eggs-What’s the Difference Nutritionally?” [Appendix R]
Music

“Trashin’ the Camp” (Collins, P. and N’Sync, 1999)


“Concerto for Two Pianos in E-Flat, K. 365:1. Allegro,” (Mozart, W. A. 1770)
Procedure
Each group silently read a current science related news article. 
Olfactory Session (Session 1)

For the first session of students in the study group, several cotton pads with peppermint oil were diffused in the classroom before and during the reading of the article.  The control group did not have a sensory experience in the first session.  Both groups received peppermint oil diffusion for the rest of the reading sessions.  Neither group received peppermint oil diffusion for the review test session. Both groups were quizzed on the reading material immediately following the session.
Music Session (Session 2)

The study group listened to two pieces of music that was mood elevating and stimulating during the second, third, and fourth sessions.  Music was delivered on a computer before, during, and after reading a current science-related article, as well as during the quiz of the article. The control group listened to the same music for the third and fourth session. No music was played for either group during the review test session. Both groups were quizzed immediately on the reading material following the session.

Visual Session (Session 3)

The study group was given reading material with images that correlated with the text they were reading during the third and fourth sessions.  The article was about extinct animals and the visual aids were pictures of extinct animals that were mentioned in the text. The control group received the same reading material and images that the study group obtained for the fourth session only. No images were presented for the review test session for either group. Both groups were quizzed on the reading material immediately following the session.
Tactile Session (Session 4)

The study group was given illustrated reading material on the differences between free-range and caged hen eggs.  During this time, students were given free-range and caged hen eggs to crack open and they were allowed to investigate the differences between the two kinds of eggs while reading the correlated material. The control group received only the same illustrated reading material as the study group.  No tactile artifacts were given during the review test session. Both groups were quizzed on the reading material immediately following the session.

Oral Session (Session 5)

To test for recall, I gave each group a review test two days after the fourth session. The review test was comprised of two questions from each of the prior quizzes. The study group was given peppermint gum to chew during the review test.  The control group was not given gum during this session.  No other sensory experiences were given to either group during the review test. 
Statistics
Because there were student absences during some of the sessions, I used class averages as an equalizing factor. Class averages were calculated by adding all quiz scores and dividing that total by the number of students in class on that given day. Scores from the first quiz in each category were used to analyze cognition and recall when a specific sense was employed for learning.  The use of peppermint oil as an olfactory aid was administered during each session because of its suspected ability to create alertness and focus in individuals. Because auditory, visual, and tactile senses have been shown to develop cues for making learning connections, these senses were used during the actual reading of new text material. Scores from the review test were used to analyze the use of peppermint gum as an oral aid in enhancing the recall of text information. To limit the number of variables being tested, both groups were given the same sensory experiences, with the control group not receiving the tested variable during that sense session.

Expanded Research Results

Scores Earned by Junior/Senior Biology II High School Students on Quizzes after Multi-Sensory Experiences

	Study Group
	Study Group Quiz Score in % Correct
	Control Group
	Control Group Quiz Score in % Correct

	Session 1: Peppermint Oil (Olfactory Sense)

Quiz
	      57%
	No Peppermint Oil

Quiz
	        60%

	Session 2:Peppermint Oil/Music (Auditory Sense) Quiz


	      68%
	Peppermint Oil Only

No Music

Quiz
	        67%

	Session 3: Oil/Music/Visual Aids

(Visual Sense) Quiz
	      59%
	Oil/Music Only

No Visual Aids

Quiz
	        53%

	Session 4: Oil/Music/Visual Aids/Tactile (Tactile Sense) Quiz
	      69%
	Oil/Music/Visual Aids Only 

No Tactile

Quiz
	        69%

	Session 5: Peppermint Gum (Oral Sense) for

Recall of all Readings (Review Test)
	55%
	No Peppermint

Gum 

Recall of all Readings

(Review Test)
	        53%


The Study Group scored higher in all the quiz scores except for Session 1, which was testing peppermint oil vs no peppermint oil.  Both the Study Group and the Control Group scored the same for Session 4, which was testing tactile vs no tactile aids.

% Change in Quiz Scores Observed Between Study Group and Control Group
	
	Session #1

Olfactory:

Peppermint Oil vs No Peppermint Oil
	Session #2

Auditory:

Music vs No Music
	Session #3

Visual: 

Visual Aids vs No Visual Aids
	Session #4

Tactile:

Tactile vs No Tactile
	Session#5 

Oral: Peppermint Gum  vs No Peppermint Gum 

	Study Group vs Control Group
	       - 3%
	       +1%
	      +6%
	No change
	    +2%


In the Peppermint oil olfactory session, the study group scored 3% lower on the reading material quiz than the control group which did not receiving the peppermint oil diffusion.  For the auditory, visual, and oral peppermint gum sessions, the study group scored higher in the reading quiz scores in this sequence: 1%, 6%, and 2%.  There were no differences in the average reading material quiz scores for the tactile session.
Discussion 
It appears that each sense category is unique in its ability to affect memory retention.  In this study, students listening to familiar music that had mood elevating and stimulating elements scored higher in literacy cognition and recall and in retention than any of the control groups. Technology is more accessible to students because of portable devices and the kinds of devices young individuals use.  Music that is familiar, pleasant and enjoyable to the listener helps make learning fun.  Music also makes meaningful connections to information and helps individuals to create symbols for remembering and interpreting content (Lynch, 2007). Existing data seems to support the results obtained for music from this study. 
For the oral sense that incorporates the use of chewing gum to improve cognition and recall, my findings did not completely correlate with this information, as all control groups scored higher in cognition and recall after the first quiz.  It is possible that a particular flavor gum may affect cognition and retention more than another flavor.  The number of students who chose to chew peppermint gum versus the watermelon flavor were not recorded during either quiz. As there has been some evidence that peppermint gum may increase cognition and retention, perhaps more control students chewed watermelon gum during the first quiz, and more study group students chewed peppermint gum after the second quiz.  A more accurate log of gum flavor chewed or just offering one flavor gum would be beneficial in future research. Interestingly, both the sophomore and seventh grade study groups outscored all the control groups for retention on the second quiz.  This supports the research indicating that gum chewing may aid in improving retention when the material learned is familiar.
Visual aids are powerful learning cues for many people.  There is some evidence that visuals may be more helpful when individuals have prior knowledge of the subject (Chanlin, 1998).  This may explain the disparity in scores of the study groups in this research, as the high school control groups had the least amount of retention variance, yet the seventh grade control group displayed the largest retention deficit at -24.4%. Perhaps some of the students lived on farms or had ducks as pets, and the visuals and hands-on experience may have given them an edge.  It may be that some individuals disliked ducks (some were hesitant to touch the animal) or had no prior experience with poultry and that may have affected the ability of these students to make connections between the visual, hands-on, and the article.  There is also evidence that retrieval of learned information benefits from multiple strategies employed in recall and that spacing reinforcement of knowledge over time enhances the encoding process of remembering and retrieving information (de Winstanley, 2002), so seeing the duck and the oil-cleaning demonstration after the first quiz may have formed more links to memory cues in some students. There was also a picture attached to the article itself, which was a photograph of oil-slicked pelicans.  This may have influenced the control groups in some way.  Also, after the control groups took the first oil spill quiz, they were allowed to observe the duck (it was quacking in the science lab) and were given a demonstration of the feather cleaning process.  This may have influenced their results the second time they took the quiz a week later.  However, this possibility does not account for the large gap of retention in the seventh grade control group.
Olfactory cues often are associated with memories, and studies indicate that smells can be cues for retention of information.  The olfactory portion of this research was inconclusive.  Results of the olfactory research here showed that the seventh grade study group did in fact have the least change in retention at -2.7%.  However, the high school sophomore control group had the second least retention deficit at – 6.4%.  Surprisingly, the high school sophomore study group had a substantial retention deficit of -10%. These results seem inconsistent and may be due to unseen variables.  Some students may have disliked the aroma of peppermint, or the smell may have been too strong for some. The seventh grade science teacher had to cover her nose while other students wanted to put the cotton pad right next to their noses.  Peppermint has been shown to increase cognition, quality of memory, alertness, and attention (Moss, 2008).  There were some students in this research study that indicated they felt more alert, which corresponds to studies showing that peppermint oil generates a feeling of alertness.  Inconsistent scores here may have resulted from peppermint oil being associated with another memory for some students and therefore not benefiting these students as a cue for an article on wind power.  For more accurate results, future studies on sensory experiences affecting cognition and memory retention may need to take into account variables such as making sure that students are not sharing information, implementing a pre-assessment survey on students’ prior knowledge, repeating sensory experiences for more qualitative results, and ensuring that groups are fairly equal in literacy and science knowledge.  Overall, the first part of my research supports findings that music and chewing gum can increase memory retention.  
In my follow up research, I specifically tested whether olfactory, visual and tactile sensory experiences can help make learning connections to text and if olfactory and oral sensory experiences can aid in recall or text information.  My quiz and test results seemed to indicate that music and visual aids did increase the probability of creating cues to learning information in text. Although there was no change in scores between the study and control groups for the tactile session, having a hands-on experience did not create a negative impact on learning, either.  Using peppermint oil as an olfactory experience to instill focus and retention of a text appeared to decrease the study group’s ability to recall text in the first session.  A possible explanation for the lower average quiz score could be that I did not have a set strength of air/peppermint scent in the classroom and that the smell of the essential oil was too strong, causing distraction instead of focus of learning for some pupils.  In fact, two individuals in the Session One study group complained that there was a “strong peppermint smell in the air” and one of those individuals asked to take ibuprofen for the headache she said she developed from smelling the peppermint oil. In the following sessions, I endeavored to use less peppermint soaked cotton pads in the classroom to reduce the essential oil odor. Despite this adjustment, one of the pupils confessed to not liking the smell of peppermint at all.  Using peppermint gum as a recall aid continued to be useful throughout my entire research study.  One student in the study group did not want to chew peppermint gum because of the peppermint flavor, but acquiesced for the “experiment”.  It can be noted that when students unwrapped and chewed the gum, peppermint scent could be detected in the classroom and the smell/chew combination of peppermint could have acted as a recall aid together.  My expanded research did not show significant percentage gains in any of the sensory sessions.  Nevertheless, survey results indicated that students in both groups felt that they made more connections to the text material and had better memory retention when sensory experiences were employed.  Simply because students believed that their senses could help them learn and remember concepts could be reason enough to integrate these experiences during teaching.  In test taking, even small increases in quiz/test scores would give individuals an advantage in learning, retaining, and recalling information. Repeated approaches to learning one concept may create more connections for cognition and memory retention.  Multiple sense experiences could enhance our ability to develop those cues. 
Applications
When material is familiar to a pupil, chewing gum may be a good thing to use when testing.  Peppermint, in particular, helps to improve cognition, alertness, and quality of memory. Thus, it makes sense to chew peppermint gum or allow peppermint oil to be diffused in the classroom air, especially right after lunch, when consuming food tends to make students sleepy, or at the end of the day, when students are tired and eager to go home.  Music that is both stimulating and mood elevating could be used when pupils are first introduced to a new concept to promote learning and memory retention.  Perhaps the best time would be to have music playing as students first enter your class for the day or hour.  Visuals and tactile experiences would be used to enhance subjects first being taught and then later used as a cue for recall and review as the teacher progresses through the topic or adds more data.  Finally, chewing gum, and most notably peppermint gum, could give an advantage to students for recalling information for quizzes and tests, as these individuals would have more alertness and focus from the smell of peppermint, as well as the oral action of chewing gum to help recall what they have learned.
Limitations
Because I did not have my own classroom to conduct this research, it made it difficult to assess student abilities in each class.  Without more background knowledge of individual participants, I could not ascertain if classes were equal in knowledge and capability for reading and understanding science-based literature.  The teachers of the science classes were very gracious to allow me into their classes and conduct my research, and I am grateful.  However, I was operating during their teaching time with their students, and this limited the days, times, and accessibility I had with each class.  Also, the novelty of having a “stranger” entering their class for experimental purposes may have indirectly affected the results of this study.  
Although the science articles I used were current and newsworthy, they did not necessarily correlate with the particular topic being studied in each class, so the article’s contents were not reinforced during the duration of this study.  Perhaps the impact of the research would have been more obvious had the articles been directly related to the unit being taught or as part of the unit itself.  I also believe that more time for longer, ongoing research in engaging sensory experiences, such as employed during an entire unit or year, would be beneficial instead of a two week period of interrupted class hour study.  I also feel that if I had a better understanding of the precise amount of peppermint essential oil to be diffused in the air to aid in student alertness and focus, I may have seen a higher percentage outcome in quiz and test scores.  In my expanded research, I believe I may have also had an increase of quiz score percentages for the study group if the tactile experience was more dramatic in showing the differences between caged hen eggs and free-range hen eggs.  Not all the eggs the study group cracked open had conclusively different looking whites and yolks between the two types of eggs.  This may have led to students penciling in wrong answers on the quiz when asked about the differences between caged hen and free-range hen eggs because they received conflicting data from the tactile experience and the text material information.
Reflections/Conclusion
Overall, this research supports findings that music, visual aids, and chewing gum can increase learning and memory retention.  It would be beneficial to incorporate sensory experiences in the classroom because individuals learn information through a variety of techniques, with some senses taking precedence over others, depending on the material learned.  There is also an indication that sensory experiences provide mental scaffolding to encode information, as well as help to reinforce written text, as observed in the visual/tactile category.

In retrospect, having my own classroom to conduct this type of study would have helped me to better monitor the engagement of the students and given me the opportunity to incorporate sensory experiences throughout the unit being studied.  This would also have allowed me to control when I could implement the sensory experience and its linked article, instead of coming in on a day when the teacher had available time during a particular unit that may have had little relevance to the subject being taught.  Nevertheless, I believe there is enough evidence from my research results to confirm that integrating sensory experiences can have a positive effect on learner outcomes. Further research on how sensory experiences can influence cognition and memory retention should be explored.  With one reading of an article, paired with a sensory experience, there were positive gains in cognition and memory results, especially with music and chewing gum. In particular, it would be valuable to continue research on a longer timeline and during an entire unit or school year and integrate the use of sensory experiences in a specific order, such as implementing peppermint aroma and music to introduce a topic, then incorporating multiple visual aids and tactile sessions during the learning of a single concept, followed by gum chewing to retrieve learned information during quizzes and tests. 
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Appendix A

The Ten Commandments of Illustrations

Pictures shalt be judiciously applied to text, to remember it wholly.

Pictures shall honor the text (correspond with the text).

Pictures shalt not bear false witness to the text. Conflicting pictures are most likely not helpful and may hinder learning.

Pictures shalt not be used in the presence of “heavenly bodies” of prose.  If the text is highly memorable to begin with, there is no need to add pictures.

Pictures shalt not be used for text cravin’ for images.  (If the text content already elicits useful mental images, pictures tend to be superfluous).

Pictures shalt not be prepared in vain—readers need basic reading skills for the benefits from pictures.  Pictures should not be text substitutes.

Pictures shalt be faithfully created from generation to generation.

· Pictures shalt not be adulterated.  (Pictures should be of excellent quality).

Pictures shalt be appreciated for the art they “art”. They should be distinguished from graphs or flow charts, etc.

Pictures shalt be made to perform their appropriate functions, dependent on the type of text involved.
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Appendix C
Article 1: Dolphins and Depression

          

Swimming with dolphins is an effective treatment for mild to moderate depression, say researchers in this week's BMJ.

Their findings support the theory of biophilia, which shows how human health and wellbeing are dependent on our relationships with the natural environment.

The study was carried out in Honduras and involved 30 patients diagnosed with mild or moderate depression. Half were assigned to the experimental group and half to the control group.

Over a two-week period, participants in the experimental group swam and snorkeled in the water with dolphins for one hour a day. Participants in the control group were assigned to the same water activities, but in the absence of dolphins, to control for the influence of water and the natural setting.

All participants discontinued antidepressant drugs or psychotherapy at least four weeks before entering the study, and were not allowed to take drugs during the study. Depression scores were measured before the study and at the end of treatment.

Although some participants dropped out of the study, the average severity of the depressive symptoms was more reduced in the experimental group than in the control group.

Animal facilitated therapy with dolphins is more effective than water therapy in treating people with mild to moderate depression, say the authors. Despite some study limitations, the effects exerted by the animals were significantly greater than those of just the natural setting.

The echolocation system, the aesthetic value, and the emotions raised by the interaction with dolphins may explain the mammals' healing properties, they suggest.

Three months after the study, participants in both groups also reported lasting improvement and did not require treatment. This suggests that in patients with mild or moderate depression, using drugs or conventional psychotherapy may not be necessary when biophilic treatment with animals is used, they conclude.
Appendix D
Article 2: Cloning In Mice
Cloning Record Broken-Next Up: Clones From Faeces
By Andy Coghlan and Robert Gilhooly
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Appendix E
Article 3: Windmill energy and Solar Vortex

WHIRLWINDS are associated with destruction, not sustainable energy. Now it seems we can harness their power to generate renewable electricity.

The Solar Vortex system is the brainchild of Mark Simpson and Ari Glezer at Georgia Institute of Technology in Atlanta. It relies on the temperature difference between hot air close to the ground and cooler air just a metre or so above it. As the hot air rises and cool air falls, convection currents form between these layers, leading to small whirlwinds or dust devils.

Solar Vortex channels these currents with an array of fixed blades or vanes. They funnel the airflow into a vortex, which turns a turbine at the device's centre. No power is needed to kick the process off as the position of the vanes helps the vortex to start spontaneously. As the warm air rises, more air rushes in, fuelling the artificial whirlwind.

Maintenance and installation costs are much lower than for a conventional wind farm because there is no need to put turbines on high towers to catch the wind. Since ground temperature varies slowly through the day, the system's energy output is more constant too, and stays steady for a few hours after sunset, when consumer demand is often highest.

Glezer had the idea after living in Arizona. "He had experienced naturally occurring dust devils and the kinetic energy they contain, and wanted to create a method for extracting that power," Simpson says.

Simpson has tested a small, 1-metre version of the vortex that drives a turbine to create a few watts of power using nothing more than a hot, sunbaked metal sheet. However, the power output scales up rapidly as you increase the turbine's diameter. Simpson calculates that a 10-metre turbine will produce 50 kilowatts of power using the same method. The team says that an array of these vortex turbines could produce 16 megawatts for every square kilometre they cover. This is not bad considering conventional wind turbines yield just 3 and 6 megawatts per square kilometre. In fact, the team estimates that the electricity produced by a Solar Vortex will be 20 per cent cheaper than energy from wind turbines and 65 per cent cheaper than solar power.

The US government's clean energy start-up shop is convinced: the Advanced Research Projects Agency Energy (ARPA-E) announced its decision to fund some large-scale trials last week. Simpson is due to present a paper in July detailing the trials at the ASME International Conference on Energy Sustainability in Minneapolis, Minnesota. Working with ARPA-E, Simpson and Glezer plan to have a 10 kW model running within two years, with tests on intermediate models scheduled for July. They want to build a 50kW model in the future.

"The science is solid," says Nilton Renno, who researches thermodynamics at the University of Michigan. "Once you induce circulation nearby, the vortex can be self-sustaining."

Steven Chu, the outgoing energy secretary, is interested; he visited the team briefly at the ARPA-E conference in Washington DC last week. "We would like to start with building a small-scale farm of these things," Simpson says. "At that point we start to produce real energy, and can begin to sell some of that energy and convince people of our system.
Appendix F

Article 4: Oil Spills and Wildfowl
Jpeg Photo plus article
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Huddled Messes (published June 8, 2010)

Coated in il from the Aprl 2010 Gulf of Mexico spll,brown pelicans huddle in
a cage at he Inemational Bid Rescue Research Center in Buras, Louisiana.
Rescued birds are washed with detergent—including inside thei beaks and
gullets, according o the research cenler's executive direcor, Jay Holcomb,
speaking to USA Today.

‘A coating ofcrude o on feathers makes them heavy and birds strugle o fy.
Scientsts and voluniers clean ofled birds with 1 percent Dawn dish soap and
warm water. Itcan take up fo 15 tubs of warm water (300 gallons) to clean one.
pelican, "Bird feathers are naturally waterproof but afer washing, each feather
must be aligned properly.” wes Jay Holocomb on the organization's website.
"Each feather is made up of microscopic barbs and barbules that hook
together ke Velcro. Once hooked together, they become a tght waterproof
barier. Bids can fyafer they have been washed, although s diffcult after
they get wet. When coated in il from a spil birds also have a hard time
Keeping warm, since their feathers are stuck {0 thei bodies. Rescue workers
wash, thoroughy dy, and warm birds before they are released back nto the
environment

Even aftercleaning, many bids die as a result ofver and kidney damage due
to.ilngestion, according to German biologist Syia Gaus, speaking to Spiegel
Online. The birds use theirbeaks and tongues (o clean oxic oil rom thei
feathers, which are vial 1o keeping the animals warm and afloat.

Gaus said the “middle term” survval rate of leaned birds is under 1 percent,
and he therafor advocates tha rescuers 'kl don' clean.”

But Nils Warnock, a wilfe specialistvith the Oiled Wildife Care Network at
the Universityof Calfornia, Davis, said: The public demands that something
be done. s heart-urenching—you see ths totally oi-covered animal, the only
way you can see thattheyre alive is that their e eye blnks, Wamock told
National Geographic News. That kils me every time.”





National Geographic News

Christine Del’Amore
Oil-Coated Gulf Birds Better Off Dead?
Part of an ongoing series on the environmental impacts of the Gulf oil spill.
Since late last week a flood of pictures of oil-coated Gulf of Mexico birds—and conservationists painstakingly cleaning them—has added new emotional impact to the BP oil spill.
Some experts—citing traditionally low survival rates for rescued birds—are controversially arguing it would be better to immediately and humanely kill the suffering birds.
In a Spiegel Online article last month, German biologist Silvia Gaus argued that workers helping birds caught in the Deepwater Horizon oil spill, should "kill, not clean." Gaus said studies show that more than 99 percent of rehabilitated birds will die anyway as a result of oil exposure, mainly due to kidney and liver damage caused by oil ingestion.

Each oil spill is different, however, and survival rates often depend on factors such as climate and species, according to Nils Warnock, a wildlife specialist with the Oiled Wildlife Care Network at the University of California, Davis.

No one knows what the survival rate will be for the Gulf species affected by the oil spill. But, Warnock said, "I don't believe that all these birds that are being rehabilitated for the Deepwater Horizon spill will end up dying."

He added that Gaus's statistics are related to past North Sea oil spills, where birds are more prone to freezing after oil has compromised their natural waterproofing.

Conducted in the 1980s and 1990s, the studies also represent an "old paradigm" of bird rehabilitation, Warnock said. More recent work contradicts their conclusions of poor survival rates, he added.

For instance, a January 2009 study published in the African Journal of Marine Science said that only 27 percent of oil-rescued penguins had been unable to breed following their release—a relatively low rate.

And other recent studies found that, in the United States, 40 to 60 percent of some species of rehabilitated birds had survived after release, thanks to improved treatment, according to Roger Helm, chief of environmental quality for the U.S. Fish and Wildlife Service (USFWS).

Over the years, rehabilitators have learned—mostly from trial and error—how better to care for injured birds, which is particularly important for rare species, Helm added.

But biologist J.V. Remsen is skeptical of the higher survival rates, at least in the context of the Gulf oil spill. That's because the birds may have ingested toxic oil before they ever reach a rescue center.

"If the rehabbers can convince me that 25-50 percent are going to be successfully cleaned and released back into the environment and not die subsequently and painfully from the oil they have ingested, then OK, let's give it a try," said Remsen, ornithologist and professor at the  Louisiana State Department of Biological Sciences in Baton Rouge.

But, he said, "emotionally painful as it is, I would be for euthanizing those birds if it can be shown that the probability of them being successfully rehabbed is low."

As of Monday, 594 dead oiled birds and 413 live ones have been collected along the Gulf Coast since the Deepwater Horizon oil rig exploded on April 20, according to the joint federal-industry response team.

Thirty-nine birds have been released back into the wild, some of them to Florida's Pelican Island National Wildlife Refuge, which is currently outside of the oil's trajectory, according to the National Audubon Society.

Emotional Case for Rehabbing Oiled Birds
Of course, the decision to kill or clean is tough to make on mathematics alone.

"The public demands that something be done," the Oiled Wildlife Care Network's Warnock said. "It's heart-wrenching—you see this totally oil-covered animal. The only way you can see that they're alive is that their little eye blinks. That kills me every time."

Added USFWS' Helm, "We have responsibility for the birds, so we make the choice to do rehabilitation."

Saving even a few birds of rare species can make a real difference, said David Mizejewski, a naturalist at the Virginia-based National Wildlife Federation, a conservation nonprofit.

For instance, in the case of the brown pelican—a Gulf native only recently taken off the U.S. endangered species list—"every individual counts," Mizejewski said. 
Gulf Oil Toxic to Birds
Oil harms birds in two ways: internally and externally.

Oil-soaked birds vigorously preen their feathers to remove the toxic crude, accidentally ingesting it, which can cause internal ailments.

"Try removing crude oil from your arm with your mouth and not getting any of it into your body," Louisiana State's Remsen said.

"How much damage has already been done [by the time the bird is rescued]? That's the big unknown in all of this rehabilitation."

Externally, oil degrades the birds' waterproofing oils, allowing cold water to touch skin and making the animals vulnerable to hypothermia, especially in cold regions, the Oiled Wildlife Care Network's Warnock said. "It's like surfing in the Northern Pacific—if your wet suit gets a hole, you're going to be cold fast."

Fortunately many of the hard-hit Gulf species, such as brown pelicans and laughing gulls, don't spend much time at sea, making their waterproofing less critical, Warnock pointed out. (Gulf Oil Spill Pictures: Ten Animals at Risk.)

But addressing the external effects is still an especially tricky task right now in the Gulf.

For instance, the Deepwater Horizon crude is especially sticky, which requires workers to clean the birds with more "intense" detergent, which in turn strips more of the birds' waterproofing oils, according to USFWS' Helm.

Conservationists have to wait weeks or even months for the birds' waterproofing to be naturally replenished, further stressing the animals and reducing space for incoming patients, Helm said.

Rescued Birds' Homing Instincts May Backfire
When a bird is rehabilitated, finding locations to release the animal so it won't get re-oiled is "problematic," Helm added.

That's why rehabilitators tend to choose oil-free habitats far away, Louisiana State's Remsen said. Yet many seabirds are "notorious for exceptional homing abilities, even over completely unfamiliar territory and vast distances.

"Many bird biologists would wager that the released birds would head right back where they came from, back into harm's way, especially during breeding season," Remsen said.

There's also the possibility that the birds won't adjust to their new homes, noted the National Wildlife Federation's Mizejewski. "If you're moved 500 miles [about 800 kilometers] away, even if you're following your instincts, you don't know the topography or where to look for food."

There's "no easy solution to clean up this mess," Mizejewski added. "We can't just take a few birds and put them in dish detergent and say we fixed the problem.

"It's a tragic, real example, in our face, [of the fact] that this problem is going to be with us for decades."

Appendix F
Oil Spill Activity/Lab (Accompaniment to Oil Spill, Huddled Messes, article)
Objectives:  To expose students to different learning styles 

-To create working memory connections using sensory experiences, such as tactile, visual, oral and olfactory cues and to involve students in a shared social activity 

-To understand the role of field biologists and volunteers in real world environmental issues

-To use analytical thought processes and reflection of our impact in the ecosystem and our responsibility as a world citizen as earth caretakers

Materials

Live duck

Motor oil in plastic cups

Water

Dawn dish soap

Towels

Water basins

Feathers from craft supply or collected dropped waterfowl feathers

Procedure
Teacher holds a live duck and allows students to see, hear and touch the bird.  

Teacher initiates questions:

1. Have you ever seen a duck this close before?

2. How do the feathers feel? 

3. Why do you think the animal feels slick?

4. Notice how the feathers lay on the bird.  What do you see?  Are all the feathers the same? Why/ why not?

5. Put your hand into the feathers of the duck.  How do the inner feathers feel? Describe how the internal temperature of the bird feels as opposed to the surface of the bird.  Why do you think that is?  How does this explain waterfowl’s ability to swim in cold water?

1.  Students work in groups of four per water basin.  Each student receives a feather and discusses in their group how the feather is constructed.  They should pull the strands apart and notice the barbs connecting strands of a feather together.

2.  Have each student note the start and end time for cleaning his or her feather. Each student dips their feather in the cup containing motor oil and discusses in their group, what happens to the dry feather when dipped in oil.  They should notice that the feather becomes heavier and the strands become one mass and “glued together”.

3.  Students add Dawn detergent liquid to their water basin and wash their feather with their hands, using a vigorous side-to-side scrubbing motion.  Then feathers are rinsed with clear water and the process repeated, until the feather feels tacky (stripped of oil) and appears clear of oil residue.

4.  Each feather is dried with a towel and strands are smoothed, from base to tip direction, until each strand’s barbs are reconnected.

Oil Spill Activity Lab Activity:
Start time:_________
End time: _______  Total time: _______

Draw and describe the dry feather:

Draw and describe the oil-coated feather:

Draw and describe the cleaned feather:

How long did it take for you to clean the feather?

Do you think this method is a practical solution to cleaning and saving thousands of oil- slicked birds? Why or why not?

What do you think would happen to wildfowl that are not cleaned or oil?  Why?

Do you think wildfowl have value in our ecosystem and are worth saving?  Why/Why not?

How did this experience make you feel about oil pollution in waterways and affecting wildlife?
Appendix G
Extended Research Article 5: View to a Cell
View to a cell
New optics shatter the diffraction barrier, illuminating life within us

BY RACHEL EHRENBERG 
Imagine if your best knowledge of human anatomy came from viewing the body through binoculars from a mile away. You might make out the shape of a hand, but knuckles and fingernails would elude you. Experiments could tell you there’s a pumping heart inside, but to see that heart with any clarity you would have to fix it in formaldehyde or liquid nitrogen, blast it with electrons and add dyes to impart contrast. For a long time, that’s what it’s been like for biologists trying to observe cells.
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MAKING TWINS Mitosis, the cellular division that produces two genetically identical daughter cells, is perhaps the most fundamental process in biology. Without it, multicellular life wouldn’t exist, a broken bone would never heal, tissues would disintegrate. Cancer — essentially mitosis gone rogue — also wouldn’t exist. Scientists have been watching mitosis through a microscope for about 150 years, but new views are fleshing out the less-detailed pictures of the past (bottom, right). After DNA replicates, the nuclear envelope surrounding it dissolves. Spindle fibers (gold above, red at right) align pairs of chromosomes (blue) and then separate the genetic material into two daughter cells (shown forming, above).
TOP: L. SCHERMELLEH/UNIV. OF OXFORD; BOTTOM: J. STOUT/INDIANA UNIV.; BOTTOM, RIGHT: ANDREW SYRED/SCIENCE SOURCE
English scientist Robert Hooke coined the term cell in 1665 after examining a slice of cork through a light microscope. The plant parts he saw reminded him of the cells of a monastery. In the centuries since, we’ve learned that our bodies comprise some 200 different cell types and a total of several trillion cells, not counting microbes, at any given moment. (As you read this sentence, about 50 million have died and been replaced.) Within a single cell there may be 10,000 different proteins; thousands of the energy factories called mitochondria; and half a billion actin molecules, which provide scaffolding to support the cell and help it move and change shape.

The structures and activities within our cells are a major force in determining the stuff we’re made of, even though each of us begins with the humble fusion of just two. Following genetic instructions and taking cues from its environment, each cell realizes its fate — a fate that is inextricably linked to our own.

Until now this internal machinery has remained largely hidden from sight. Viewed through microscopes similar to Hooke’s, most cells are see-through and colorless; it’s hard to discern fine features. Due to diffraction, the bending of light, objects smaller than about 250 nanometers — the size of the smallest bacteria — are fuzzy when viewed through an optical microscope, if they can be seen at all. (Consider that most proteins are merely a few nanometers across.) This diffraction barrier, explicitly defined by German physicist Ernst Abbe in 1873, makes a smeared blur of much that happens in and on a cell.

That’s all changed in the last few decades. Scientists have developed a suite of new optical techniques that circumvent the diffraction barrier and show us a cell’s full guts and glory. With new fluorescent tags that light up structures in the dense darkness inside a cell these new optical approaches produce detailed images of what was once invisible. In the pages that follow, some of the most striking images are highlighted, all from animal cells that scientists use to understand basic cellular processes and disease.

By capturing the inner workings of a cell and interactions between cellular neighbors, scientists can now connect knowledge gleaned from genetic experiments to actual structures and activities they can see. Discoveries will lead to new hypotheses and experiments that will further our understanding of animal development and function — and how both can go awry.

Some of these super-resolution techniques are still so new and challenging that many scientists think the major breakthroughs they will yield are yet to come. But for now, we can all enjoy stunning, unprecedented views of the cellular world.
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Appendix H
Extended Research Article 6: Oldest Plant
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Appendix I
Extended Research Article 7: Extinct Species

Opinion: The Case for Reviving Extinct Species
Stewart Brand

for National Geographic News
Many extinct species—from the passenger pigeon to the woolly mammoth—might now be reclassified as "bodily, but not genetically, extinct." They're dead, but their DNA is recoverable from museum specimens and fossils, even those up to 200,000 years old.

Thanks to new developments in genetic technology, that DNA may eventually bring the animals back to life. Only species whose DNA is too old to be recovered, such as dinosaurs, are the ones to consider totally extinct, bodily and genetically.

But why bring vanished creatures back to life? It will be expensive and difficult. It will take decades. It won't always succeed. Why even try?

Why do we take enormous trouble to protect endangered species? The same reasons will apply to species brought back from extinction: to preserve biodiversity, to restore diminished ecosystems, to advance the science of preventing extinctions, and to undo harm that humans have caused in the past.

Furthermore, the prospect of de-extinction is profound news. That something as irreversible and final as extinction might be reversed is a stunning realization. The imagination soars. Just the thought of mammoths and passenger pigeons alive again invokes the awe and wonder that drives all conservation at its deepest level.

Then, there's the power of good news. The International Union for Conservation of Nature is adding to its famous "

HYPERLINK "http://www.iucnredlist.org/"
Red List

HYPERLINK "http://www.google.com/url?q=http://www.iucnredlist.org/&sa=D&sntz=1&usg=AFQjCNFsNdx92AphtrEDEA4o0Ut0kQ67yw"
"

HYPERLINK "http://www.iucnredlist.org/"
 of endangered species a pair of "Green Lists."

One will describe species that are doing fine as well as species that were in trouble and are now doing better, thanks to effective efforts to help them. The other list will describe protected wild lands in the world that are particularly well managed.

Conservationists are learning the benefits of building hope and building on hope. Species brought back from extinction will be beacons of hope.

Useful science will also emerge. Close examination of the genomes of extinct species can tell us much about what made them vulnerable in the first place. Were they in a bottleneck with too little genetic variability? How were they different from close relatives that survived? Living specimens will reveal even more.

Techniques being developed for de-extinction will also be directly applicable to living species that are close to extinction. Tiny populations can have their genetic variability restored. A species with a genetic Achilles' heel might be totally cured with an adjustment introduced through cloning.

For instance, the transmissible cancer on the faces of Tasmanian devils is thought to be caused by a single gene. That gene can be silenced in a generation of the animals released to the wild. The cancer would disappear in the wild soon after, because the immune animals won't transmit it, and animals with the immunity will out-reproduce the susceptible until the entire population is immune. 

Some extinct species were important "keystones" in their region. Restoring them would help restore a great deal of ecological richness.

Woolly mammoths, for instance, were the dominant herbivore of the "mammoth steppe" in the far north, once the largest biome on Earth. In their absence, the grasslands they helped sustain were replaced by species-poor tundra and boreal forest. Their return to the north would bring back carbon-fixing grass and reduce greenhouse-gas-releasing tundra. Similarly, the European aurochs (extinct since 1627) helped to keep forests across all of Europe and Asia mixed with biodiverse meadows and grasslands.

The passenger pigeon was a keystone species for the whole eastern deciduous forest, from the Mississippi to the Atlantic, from the Deep South clear up into Canada. "Yearly the feathered tempest roared up, down, and across the continent," the pioneer conservationist Aldo Leopold wrote, "sucking up the laden fruits of forest and prairie, burning them in a traveling blast of life."

Such animals can also serve as icons, flagship species inspiring the protection of a whole region. The prospect of bringing back the aurochs is helping to boost the vibrant European "rewilding" movement to connect tracts of abandoned farmland into wildlife corridors spanning national boundaries.

Similar projects to establish "wildways" joined across American eastern states could benefit from the idea of making the region ready for passenger pigeon flocks and flights of the beautiful Carolina parakeet, once the most colorful bird in the United States.

Wilderness in Tasmania is under pressure from loggers and other threats. The return of the marvelous marsupial wolf called the thylacine (or Tasmanian tiger), extinct since 1936, would ensure better protection for its old habitat.

The current generation of children will experience the return of some remarkable creatures in their lifetime. It may be part of what defines their generation and their attitude to the natural world. They will drag their parents to zoos to see the woolly mammoth and growing populations of captive-bred passenger pigeons, ivory-billed woodpeckers, Carolina parakeets, Eskimo curlews, great auks, Labrador ducks, and maybe even dodoes. (Entrance fees at zoos provide a good deal of conservation funding, and zoos will be in the thick of extinct species revival and restoration.)

Humans killed off a lot of species over the last 10,000 years. Some resurrection is in order. A bit of redemption might come with it.

Appendix I
Extended Research: Extinct Animal Images
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Pyrenean Ibex




Passenger Pigeon
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Dodo Bird
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Wooly Mammoth
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Tasmanian Tiger



Gastric Frog

Appendix J
Extended Research Article 8: Free Range Eggs

Free range eggs vs caged eggs – What’s the Difference Nutritionally?

· Written by Jim Dillan
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×
There are some compelling reasons to choose pastured free range eggs vs caged eggs, and not just for the welfare issues. The levels of nutrition in free range eggs are being shown to be significantly better as well. Here’s a breakdown of why it’s really worth rejecting caged eggs and choosing pastured free range for your family’s health.

Life As a Caged Chicken

Battery egg production is a sad indictment on human’s treatment of animals. Bred in huge production facilities, the male baby caged chickens are of no use and are disposed of like garbage. Female chicks are grown in extremely cramped and dark
conditions and fed a processed diet full of hormones, pesticides and antibiotics.[image: image27.jpg]



Once they reach laying age, they are put into cages less than half the size of an A4 sheet of paper. The wire floor in these cages slopes down on an angle. This prevents the hens from sitting properly and their feet often become deformed as a result.

They also have the tips of their beaks cut or burnt off to try and prevent them doing any damage to the other birds caged right beside them. In fact, some of these toxic, windowless warehouses can contain as many as 100,000 caged chickens, never seeing sunlight and fed a diet of corn waste and chemicals.

Even if you don’t have a problem with animals being treated like this (and I really hope you do – lack of empathy for the suffering of animals is one of the hallmarks of a sociopath), it isn’t hard to see why eggs coming from caged chickens kept in these conditions and fed this kind of diet are far from what they should be.

The Benefits of Pastured Free Range Eggs vs Caged Eggs

The best type of eggs come from pastured free range chicken, where the birds are allowed to roam freely and eat insects and plants. The nutrients from this varied diet can then be transferred into the eggs and, as you’ll see ahead, the nutritional profile of free range eggs are significantly better in many ways.[image: image28.jpg]



Unfortunately, some large-scale egg farmers have exploited lax definitions of free range chicken and have been able to use this label, even when they only allow their confined chicken out occasionally to concreted areas. These are not true free range eggs.

Real farmers that produce pastured free range and organic eggs will almost always be proud of the fact and promote it on their packaging. These eggs will usually have a much deeper yellow/orange yolk, avoid the inflammatory fat profiles and salmonella issues of caged eggs and I personally think taste much better too.

The best source of pastured free range eggs are smaller farmers in your local area and they deserve your support. The EatWild website also has a good state-by-state listing of grass fed meat, dairy and egg producers from the USA.This is a relatively inexpensive food and it’s worth a little more for all the free range egg benefits ahead.[image: image29.jpg]



Health Benefits of Free Range Eggs

A comparison of nutritional data for caged versus free range eggs found, on average, the free range eggs had:

· Twice as much omega-3 fatty acids.

· Three times more vitamin E.

· Seven times more pro-vitamin A beta-carotene.

· A quarter less saturated fat.

· A third less cholesterol.

Other tests have demonstrated that pastured eggs have up to six times more essential vitamin D than regular supermarket eggs. They have also been shown to have significantly more B vitamins than a factory egg.

Egg yolks are also a known source of lutein and zeaxanthin, but the pale, watery yellow yolks in eggs from caged chickens, fed the waste products of the grain industry, contain very little.

Lutein and zeaxanthin are two important antioxidants for the health of your eyes. They help to protect the delicate macula region of your eye from damaging UV and high-intensity blue light.

If you’d like to protect your vision as well as improve your overall health, look for the deep yellow/orange yolks you’ll find in real free range eggs. 

Conclusion

Social media gives us a unique opportunity to spread the word on these kind of issues. If enough people share articles like this and more of us choose free range eggs, industrial scale farmers will be forced to change their cruel production methods and hopefully free range eggs can go back to being the natural and healthy super food they’re designed to be.

Appendix K
Quiz 1: Dolphins and Depression
1. Swimming with dolphins was a treatment for what illness?

2. What is a control group?

_____________________________________________________________________

3. What were the activities in the experimental group?

4. Biophilia can be defined as (Circle one):

a) The study of guys named, “Phil”
(b) The fear of living things



c) The relationship between human health and the natural environment  (d) The interaction of humans and technology

5. Participants in the study were on medication during the research. 

True


False

6. Participants’ symptoms in the experimental group were more reduced than in the control group.

True


False

7. List 2 healing properties dolphins may have that benefit humans.

1. _____________________________
2. ___________________________

8. What did the study conclude?  (Provide a short answer)

Appendix L
Quiz 2: Cloning In Mice
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Appendix M
Quiz 3: Windmill Energy and Solar Vortex

Research Reap the Whirlwind

1. Whirlwinds, or “Dust Devils” are formed by

a.  atmospheric electrical energy
(b.) cool air rising and hot air falling

c. hot air rising and cool air falling
(d.)  surface currents

2. The Solar Vortex is cheaper to operate than conventional windmills because

a. ground temperatures vary slower throughout the day than air temps.

b. there is not need to put turbines in the air

c. both a and b are true

d. both a and b are false

3. One 10 meter Solar Vortex turbine can produce up to ___________kw of energy.

4. Solar Vortex turbines start spontaneously because of the position of its

________________________.

5. Solar Vortex energy is cheaper to produce than what two other kinds of energy?

(2 points)

6. The Solar Vortex continues to produce more energy as warm air rushes into its channels.

a)  True
(b) False

7. Consumer demand for energy is in higher demand during the day.

a)  True
(b) False

       8. (2 points) How did Ari Glezer get the idea for a Solar Vortex?

Appendix N
Quiz: Oil Spills and Waterfowl

1.  Birds can fly with oil coating their feathers.

a)  True 
(b)  False

2.  Although birds are coated in crude oil, they are able to stay insulated and warm.

a)  True
(b)  False

3.  Waterfowl, such as ducks,

a) have liver damage resistance    (b)  can easily fly while they are wet, though washed

(c) have natural waterproofing oils on their feathers    d) must keep moving to stay warm

4.   The “middle term” survival rate for cleaned birds is

a) over 1 percent
(b) over 50 percent
(c) less than 1 percent
     d) less than 50 percent

5.  (2 points) Many birds die from damage to their

a)  _________________________  (b)  ________________________

6.  (2 points) IN ORDER, name the first two things rescue workers do to clean oil coated birds:

a) _____________________________  (b)  _________________________

7. (2 points) Why do so many birds die from liver and kidney damage? 

Appendix O
Extended Research Quiz: View to a Cell
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Appendix P
Extended Research Quiz: Oldest Plant

Short Answer:

1. An ancient plant was regenerated from

a. heated leaves
b.  seed tissue

c. frozen stems


2. The oldest plant regenerated is over

a.  60,000 years old    b. 2,000 years old     c. 32,000 years old     d. 1,000,000 years old

3. The regenerated plants 

a. were identical to a modern Siberian plant
  b. were smaller than their modern cousin

c.  had different flower shapes from their modern cousin
d.  died within 24 hours 

True/False

4.  Information on thawing ancient seeds is valuable for learning how to regenerate other frozen plants. True  False

5.  Extinct plants important to our ecosystem would be useful today if they were brought back.   True
False

6.  An ancient date palm seed was resurrected from a wet, tropic area.    True
 False

7.  Scientists would like to know the conditions that allowed ancient seeds to stay viable.    True    False

Short Answer

 8. The seed cache of Silene stenophylla was discovered in a layer of __________________ earth.

 9.  Seed saving projects depend on the method of ________________________ seeds

10. The old seeds were buried by an Ice Age _________________________.

Appendix Q
Extended Research Quiz: Extinct Species
True/False

1. Species like the Passenger Pigeon are bodily, but not genetically extinct. 


True

False

2. It is now possible to reverse extinction.
True
False

3. Examining genomes (genetic traits) will help us determine why some species became extinct in the first place.
True

False

Multiple Choice

4. Species on the brink of becoming extinct and that have a weak gene could 


a) be “cured” through cloning

b) mate with extinct ancestors



c) never survive, no matter what we do


5. The European “re-wilding” movement proposes to

a) free animals from zoos
b) connect abandoned farmlands into wildlife

 corridors


c) clone wild animals with domestic animals

6. Dinosaurs may not be able to become resurrected because

a) there are too many of them

b) there is no complete genome of any dinosaur



c) their DNA may be too old

7. One reason to bring extinct species back is to


a) reverse harm humans have caused

b) study them in zoos


c) create new species with domestic animals

Short Answer

8. Certain extinct species that helped create bio-diverse and rich ecosystems are called

_____________________________ species.

9. One example of a species that did this for the entire deciduous forest in North America was the _____________________________________.

10. A dominant herbivore species of the far North was the ________________________.

Appendix R
Extended Research Quiz: Free-Range Hen Eggs vs Caged Hen Eggs

Short Answer

1. One antioxidant found in eggs that is beneficial to your eyes is __________________.

2. One visual difference between caged eggs and free range egg yolks is that caged eggs are ______________________________.

3. Some warehouse can contain up to ________________________ chickens.

Multiple Choice

4. Caged birds frequently have the tips of their beaks burned off because

a) it provides resistance to antibiotics

b) it saves cost on trimming bird 

beaks every few weeks

c)  birds may damage birds in neighboring cages

5. Caged hens sit in sloped wire floors that

a)  prevents birds from sitting properly   b) allow easy cleaning   c) prevent mastitis 

6. Compared to caged hens’ eggs, free range hens have eggs that

a)  have 5X the number of salmonella     b)   6X more vitamin D  c) contain more fat

7. Caged hens are fed

a)  industrial waste products of grain
      b) salmon

         c)  grass and insects


True/False


8.  Free range eggs contain 1/3 more cholesterol than caged hen eggs.
 True
False

9.  Caged hen eggs contain very little zeaxanthin, which aids in good eye health.




True

False

10.  Hens that are confined but allowed to occasionally go out on concrete areas are not       considered true range chickens.

True 

False

Appendix S
Review Test of All Articles

Multiple Choice

1.  Most cells on an optical microscope appear

a. dark and shapeless
b. fluorescent
c. see-through and colorless     d.  circular

2.  A fluorescent tag is actually a

a.  dye or protein

b.  a fatty acid
c.  nanometer
d.  STORM

3. One reason to bring extinct species back is to 

a.  Reverse harm from humans
b.  study them in zoos
c.  create new species from domestic animals

4. Caged hens are fed

a. Salmon

b. industrial waste products from grain
c.  grass and insects

5. Regenerated plants were

a. Identical to a modern Siberian plant
b.  were smaller than their modern cousin

b. Had different flower shapes from their modern cousin
d. died within 24 hours

True/False

6.  Free range eggs contain 1/3 more cholesterol than caged hen eggs.  True
False

7. It is now possible to reverse extinction.

True

False

Short Answer

8.  New imaging techniques for microscopes help to get rid of the problem of __________________ of light.

9. Seed saving projects depend on the method of _____________________ seeds.

10.  A dominant herbivore species of the far North was the _____________________________.

