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Literature Review

Brain Anatomy and Memory

In recent decades we have deepened our understanding of how the brain develops and functions.  However, by no means do we have a complete understanding of the brain and how humans learn.  Understanding the complex process of learning is a fully challenging task.  What we have learned recently is possible because of newly developed technologies, such as PET SCANS and fMRI’s  (functional magnetic resonance imagers), obtain images of the brain while it works. CT scans can show the tissues of the brains themselves. Prior to this technology neuroscientists relied on information gained from animal studies, studies of people with brain damage or mental illnesses and from autopsies. (Sylwester, Pages 2-13)  The pioneering work of neuroscientists such as Marian Diamond and Bill Greenough has given us insights as to how experience molds the growth of the brain. Enriched, secure environments produce structurally different brains than the brains raised in deprived environments or envrionemnts with chronic stress. Strauch ( pages 37-49) 

Introducing and incorporating new theories and ideas learned in neurological studies into educational practices is a logical following step.  This entails matching the brain-based research from the scientists with the body of knowledge that educators and psychologists have amassed.  It appears to be a daunting task as the new research supports many educational practices, but also forces educators to re-examine many practices. However challenging the task, it is very important for both scientists and educators to connect the new understandings with older observations.  

One excellent example of an educator attempting to make the above connections can be found in the book Learning and Memory: The Brain in Action by Marilee Sprenger.  Sprenger follows a typical formula in her book, which is mirrored in other literature.  She begins with a discussion of the anatomy of the brain and neurons, then explains the role these play in memory and finally in learning.

Sprenger opens with a description of the structure of the neurons, or nerve cells, which are the main cells in the brain and play one of the key roles in learning.  She uses the analogy of an arm.  The dendrites (fingers) of one neuron connect to the axon (shoulder) of another and create a synapse.  Electrical-chemical impulses pass through the body and axons of the nerve cells to the dendrites in response to various stimuli.  The stimulus causes the dendrite to release a chemical (neurotransmitter), which passes through the synapse (space between neuron cells) and stimulates one or more neurons.  This creates a neural pathway. The more the nerve cells in the pathway are stimulated the more the dendrites branch out to form stronger connections.  Sprenger defines learning as when two neurons communicate with each other in this manner. While appearing to be an oversimplification, the interactions of the neurons do determine long-term understanding and reliable recall of the information ‘learned’ as explored below.

Sprenger emphasizes that without consistent transmission of impulses, the dendritic connections created between neurons will decay and disappear.  Experiments in rats present an approximate timeline of four days for this decay to occur.  Also seen in the experiment with rats was that stimuli which encourage exploration and playing, toys in this case, the dendrites in the brain grew thicker and had more connections to other neurons.  The timeline for this thickening and growth was also around four days.  These studies showed that the growth and decay of dendrites does occur with use and disuse,  presenting an idea of the brain development analogous to weightlifting,  While the time frame of the process in human brains differs from that of a rat, the “use it or lose it” maxim holds true and has implications for how students can be more effectively taught in the classroom.

The next important focus of Sprenger’s book is on how ‘learning’ between two neurons is transferred into something tangible that we can remember for various amounts of time. She reports that there are three different memory types of various length, as well as five different pathways to which stimuli reaches the level of memory.  By utilizing these pathways and different memory types, educators can tie together these fields of neurology and case studies to increase learning in their classes.

The first memory type is the short-term, or temporary storage that has a span of between 15-30 seconds.  This space is the buffer zone between the stimuli input (the neurons firing together) that gets passed between neurons (see Wolfe, below) and the thinking brain that creates memories.  Although many people will say that memory worsens with age, short-term memory contradicts this.  As a person gets older buffer area gets better at holding on to information.  Studies show that adults can hold up to seven ‘slots’ of short-term memory, down to two or three for young children.  Regardless of age, more ‘slots’ can be added for both prior knowledge (pre-existing dendritic connections) and for interest (dendrites grow more rapidly).  This supports what experienced teachers know, that if information is interesting to students or they can connect it to what they already know, they will learn the information a little bit easier.  The next step is to have information pass on from short-term memory to more long-term.  In order for this to occur the initial learning must be reinforced by repetition, preferably by various pathways.

Medium-term, or Working Memory is memory that can be accessed for a period of time measured in hours.  If a student crams for a test by reading and writing notes and flip-cards, the information can pass from the short-term when it’s read to working memory where it can stay for upwards of twelve hours.  Often, this information lacks anchoring to other information in long-term memory (no dendritic connections) and is forgotten after this short time, making this an ineffective learning technique for information a student needs to build on.  Wolfe adds a slightly different take on this medium-range memory, including expanding the purpose.

Once information is passed from medium into long-term memory, some theorize it cannot be lost, as the connections are well established and kept in the brain pathways permanently. However other researchers think it may still be possible for the dendrites to decay and lose their connections to other neurons.  When information is stored in long term memory, various segments of the information is disseminated to different areas of the brain.  For example, if you learn that lobsters turn red when cooked, the color red moves to one part of the brain, the process of understanding cooking in another part, and what a lobster looks like in yet another part.  These pieces of information are connected to each other via the dendritic connections, which forms the net around all parts of the brain.  In her article Weiss (2000) quotes statistics that one nerve cell can receive input from up to twenty-thousand other nerve cells. There may be up to one-hundred billion cells in the human brain.  This indeed is a vast number of connections crisscrossing the brain, tying pieces of information to each other by both obvious and obscure ways.

In Brain Matters: Translating Research into Classroom Practice, Patricia Wolfe also highlights the role nerve cell activity plays in memory and therefore learning. Wolfe states that any sensory experience is put into memory, or ‘learned’, by the neurons. In order to avoid overload an automatic 99% of stimuli are simply ignored by the brain because the stimuli is not providing information necessary for survival. The brain is bombarded with sensory input from the environment, but every day sensations such as the texture of the clothing being worn, or back ground noise rarely reaches conscious thought. Wolfes asserts that the working memory acts as a sorting area, determining what finds it’s way into long-term memory.  It is the  long-term memory that a serves as the place for assimilation of ideas. 

As explained earlier by Sprenger, when memories are stored in the long-term memory the memories do not remain intact as discrete events, Rather, fragments of the memories are stored in different parts of the brain. For the information to be recalled in a useful manner, it needs to be reconstructed.  This storage area in working memory is also used for this purpose.  Utilizing the earlier example, if someone asks you what happens when you cook a lobster, your working-memory pulls the color, anatomy, and understanding of cooking from various locations and combines them again into useful information. Increased neural connections in the brain, result in greater storage capacity, and faster, more efficient recall mechanisms.

Memory Pathways


Both Sprenger and Wolfe present that there are five main pathways through which the sensory stimuli is passed on to the brain and moved to longer storage. These include semantic, episodic, procedural, automatic, and emotional memory.

Semantic information is learned and stored as words, and requires the most repetition to be remembered.  Often this is the most used and least effective method of transferring information to long-term storage in the classroom.  

Episodic deals with locations, and is also called contextual or spatial memory.  This includes 3-dimensional information and turning objects, as well as the places where students are learning and being assessed.

Procedural memory is muscle memory, or kinesthetic memory.

Automatic memories are conditioned responses to stimuli that occur without high levels of conscious thought.  If a person is driving and the car in front of slows down, without even thinking the second driver will slow down.  Because this requires very low conscious thought and is located in the motor center of the brain, it is possible to both have automatic memories recalled and be doing something else.

Emotional memories are the strongest memory type in the brain and take precedence over other pathways.  Memories associated with strong emotion can bypass the short-term memory process and move directly into the long-term, producing more dendritic connections.  Emotional responses to material can make the strongest impact in student learning and recall of subject matter.  

Weiss (2000) expands on the reasons behind the emotional pathway being so strong of a tool to help remember information.  As the body and mind are stressed there is a change in the way the learning occurs, with different parts of the brain taking over and creating pathways (mainly for information to immediately move into long-term storage).  Also peaked is higher-order thinking and inference ability, explained in the next section.  When someone is in the dark and scared, any noise suddenly opens up an extensive list of possibilities in the mind.  

Wolfe adds to the discussion surrounding the emotion pathway with the fact that novelty can help student recollection of data and speed up the processing of information into long term.  An example may be a teacher making a loud noise as an introduction to a lesson on sound. Other attention grabbers may include light, color, temperatures, and rapid changes of any of these.  However, after repeated use of these ‘novelty’ attention grabbers, there is a trend that this may backfire as it runs the risk of habituation, where the observers become acclimated to the ‘novelty’ and then it doesn’t grab the attention and close off these recently opened learning paths. (Wolfe 2001).

Memory, Learning, and Classroom Instructional Strategies

It is critical to understand how brain research can and cannot impact classroom instruction. Brain research gives educators a valuable perspective on learning, but it is not at a stage where it can be prescriptive about classrooms practices.  When looking at learning as a neurological process, it makes sense to define learning as the communication between two nerve cells.  One could take it a step further and think of learning as the creation of a chain of neurons communicating or a neural network. Each time that network is activated the cells in the network become more efficient and the connections occur more rapidly.  Brain research can provide generalized information about the neurology of learning, but during this formative period it cannot lead teachers to specific methods to teach specific topics. The current technology does not all us to see the neural networks forming or measure their speed. It does not give educators a way to measure learning. As Eric Jensen notes, “After all, if you have learned something, the only evidence of the learning is memory.” (Jensen, p.14)  Teachers must still rely on definitions of learning that involve behavioral outcomes or evidence of memory, since that is what is measurable and observable. 

Therefore, applying the results of recent studies in neurophysiology directly to classroom strategies is still tricky business. What brain research supports are the trends in instructional practices that reinforce and promote creating stronger memory pathways. A teacher armed with an understanding the types of memory and the five memory pathways, has a valuable and powerful tool to increase his students’ attention and retention of information. 

For example, evidence from brain research should raise awareness that many teaching practices and assessments focus on semantic memory. Given the information on the types of sensory pathways into memory, as well as a better understanding of the operation of short term, working and long term memory pathways, the “traditional” lecture format has apparent weaknesses. A good lecturer can weave stories and emotions into his presentation, but the primary memory strand that is being utilized is the semantic pathway. This is not to say the lecture format should be abandoned, but it needs to be used with discrimination and as part of a series of strategies. 

Brain research also affirms what excellent teachers have intuitively known for years and that is that each of their students’ brains is a unique entity. Genetics, experience and environment shape the neural pathways that are formed and therefore shapes the way students learn. Intelligence is not a fixed quantity nor is it a single quantity. In the 1990’s Howard Gardner successfully introduced the concept that humans have multiple intelligences. Identifying these intelligences is an ongoing process, yet this notion is becoming a mainstay of learning theory.  Brain scans that show different parts of the brain lighting up as individuals perform different tasks, lends support to this concept.  I believe that these new understandings of how the brain functions, supports the model for differentiated instruction. 

In an ideal setting a teacher would design the learning environment and experiences according to the backgrounds and learning styles of the students in the classroom. Differentiated instruction engages “ the students in instruction through different learning modalities, by appealing to different interests, and by using varied rates of instruction along with varied degrees of complexity.” (Tomlinson, p.2) With a differentiated instruction model, a teacher must be able to identify the essential facts, concepts, principles that the students need to learn as well as the attitudes and skills required to use what was learned. The teacher should understand that all of these components must be taken into consideration in the learning process. “ Facts without concepts and principles to promote meaning are ephemeral. Meaning without skills needed to translate them into action loose their potency.” (Tomlinson, p.39)  


Given what we have learned about learning, differentiated instruction appears to be common sense. However, teachers and learners are having to deal with reality and not the ideal. Class sizes are too high and resources to scarce to provide the level of differentiated instruction required. With the requirements specified by the No Child Left Behind legislation, a reality is that the major assessment of the students’ learning remains a multiple-choice test that focuses on the semantic pathway.  One promising avenue to help with differentiation is the increasing use of technology. The integration of technology into the classroom may provide opportunities to deliver a more brain-based curriculum.   
 

Technology in the Classroom

Why include multimedia in the classroom?


The main premise of the use of technology in the classroom is that if implemented properly it can include the presentation of information via multiple memory pathways for the students. Multimedia presentations do tap into semantic memory pathways as the use of words remains high. However, by it’s very nature it can tap into other areas. Pictures can elicit emotional responses. Episodic memory can be utilized when students are given opportunities to view spatial relationships or locations. As shared earlier, this is not to say that words cannot elicit emotions or paint pictures in students minds. Still there is less likely hood that pathways other than the semantic route will be as fully engaged.    
[image: image18..pict] The advances in high technology that have allowed us to study the brain and determine how it learns are also tools that can help increase student achievement in the classroom.  A computer, which analyzes data input from the fMRI machine, can also be used to present information to students in a way that utilizes various learning pathways. As discussed above to increase memory and retention. (expand on this ???)


________?_________ (1994) was an early influence on using technology in the classroom, and helped to bridge the space between more traditional multimedia techniques and the newly (at the time) emerging field of more advanced technology.  In their research they focused on the use of multimedia presentations in lecture style classes, (discussed below).  They present (maintained) that the use of technology to present computer based images does have inherit advantages over the more traditional lecture improvement tools.  First, the newer technologies have the ability to quickly and relative easily include various ‘tools’ into one setup.  A computer presentation can intergrate video and still images, audio, figures, and animations into one presentation. Earlier forms of traditional multimedia often required a different apparatus for the presentation of each of these different materials.  Also, the creation of the materials for the presentation itself is relatively easier and faster than working by hand to create the various types of multimedia.  The other great strength that technological multimedia has over traditional multimedia, related to the creation process, is that technological multimedia is easier to diversify and customize for each teacher and group of students.  One warning presented however is that with all of the bells and whistles on a technology multimedia presentation, it becomes too easy to lose the focus on the content of the lesson and the learning objectives contained there-in.  _____________ questions whether that just because you can make vibrant, three-dimensional immersive animations and simulations, should you? Sometimes a lower-technology presentation would work just as well or better.

Methods and techniques of integration


Technology has a few principle methods of implementation into the advanced classroom, as outlined by L. Levine (2002) in Using Technology to Enhance the Classroom Environment.  Levine presents various types of classroom and technology integrations and explains both benefits and disadvantages of each type of system.  One of the most basic steps involves simply a computer (desktop and laptop computers are critiqued in this system) and a projector system to allow presentation of material, demonstrations, web-site exploration, etc to the class as a whole.  This method is strongest at allowing teachers to lead a discussion or demonstration to the class, which can improve upon ‘traditional’ lectures.  This method is one of the least expensive ways to introduce the implementation of technology into the classroom by both a teacher and a school as a whole.  The drawback to this is that there is little student participation, unless a student is using the computer to explain concepts to the class. The time involved in having all students utilizing this method creates a situation that is not logistically feasible.


The ideal setup as prescribed by Levine is that each student has their own laptop that is wirelessly connected to the others and the Internet. Each student is capable of discovering aspects to a lesson or information at their own pace, in their own way, both of which improve memory and learning.  This system requires more change by the teacher in terms of classroom setup, lesson planning and teaching methods. This model could certainly serve to support some aspects of differentiated instruction.  

A major factor involved in the implementation of this system is the cost.  The sums required to buy the computers, provide Internet connectivity, software, and even things such as computer monitoring devices (programs which will monitor and limit where students go on the Internet) are daunting.  Most classrooms are therefore limited to a access to a computer and a presentation device.


The use of electronic presentations, is currently considered a key component of the “educational technology bandwagon”, Trying to increase the effectiveness of this most commonly occurring method of technology integration, is the task Quible embarks on in his article (2002). Quible presents a few of the problems that may occur during an electronic presentation to students, and offers a few strategies to help increase the effectiveness of these presentations.  One problem presented by this (and any) teacher led discussion or presentation is that of disengagement or disinterest of the students.  A method that Quible presents to increase student attention is to have students have a task that they must complete while the material is being presented.  Quible used a method of leaving blanks in the student-version of a printable presentation so that students must listen and fill out the blanks. 

It is almost intuitive that prudent use of multimedia in the classroom would improve retention.   (Site some studies, get stuff from Quibble and Levine????

** Intersting article, doesn’t help your cause much….he would say there is no scientific proof….. but you could hedge it …..The Multimedia Paradox http://www.presentations.com/presentations/trends/article_display.jsp?vnu_content_id=1000734183 ** Q&A with Richard E. Mayer.. perhaps a goldmine http://www.sociablemedia.com/articles_mayer.htm **  http://www.teach-nology.com/tutorials/visuals/  , an eh source…** http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2005083  a little tidbit on the fact that 35% of teachers interviewed considered Powerpoint essential to their teaching.** http://www.iun.edu/~galloway/book/ALL_REF.HTM , overkill, but then I have OCD> 

While the recall of information is important, on Bloom’s Taxonomy of the Cognitive Domain, it is at the lowest level of the chart. http://www.coun.uvic.ca/learn/program/hndouts/bloom.html  I was interested in finding research that supported the use of multimedia to support higher level orders of thinking on Bloom’s taxonomy, such as “comprehension” or  “application” .  I found one study, not from the world of education, but from the business world.   

OK Here’s your glorious opportunity to talk about the Lim and  Benbasat paper. “descriptive” is the equivalent of Blooms “knowledge level” and the “explanative” is the equivalent of at least “comprehension if not application” .  

Introduction

Motivation


The primary motivation for conducting this study was to find a way to increase the effectiveness of both the PowerPoint/visual multimedia I use in class, as well as to find a way to more accurately determine if students understand information presented to them in the course.  It is unfair if a student understands/knows the material, however the way in which they are being asked to recall that information is simply not the way his/her brain is wired. 

Rationale

In an attempt to meet the recently created federal, state, and district standards necessitates students storing significant amounts of material long-term memory and being able to retrieve that information in a testing situtaion.  By being able to practice retrieving the information in a method that will work best for him or her, a student is able to “practice” recalling that information, eventually leading to easier recall via any pathway, and help them to remember information when they need to pull it from long-term memory to succeed in an exam administered by one of the standard creating
Hypotheses


The hypotheses for this study are two-fold regarding question types and presentation of material using multi-media as implemented by Lim and Benbasat (2002).


H1: Students will in general do better on the types of questions utilizing explanative recall.


H2: Lower-achieving students will have more success on explanative recall questions versus description recall questions than higher-achieving students.

Research Method

Subject Population


All subjects were juniors or seniors at a large public high school on the Windward side of Oahu, Hawai'i.  All were enrolled in a Marine Science yearlong course for one of three required science credits (see Appendix A for syllabus and course outline).  The test was required for students to take for their grade and designed on content studied in the previous weeks of the course using various instructional strategies and learning methodologies including book-work, hands-on labs (dissections), and independent multi-media research projects.  (RUN_ON)  There were a total of seventy-seven subjects who took the test at a time that the data could be processed and analyzed.


Students who received a final score of a 70% or better on the exam were classified as “higher-achieving students”, and those with a score 69% and below were classified as “lower-achieving students” for the purposes of this study.  This cut-off was determined as a 70% in the course is a C, or average grade and a 69% is a D.  With HCPS II grading to be implemented, a D or F is considered not-satisfactory work.  There were twenty-eight lower-achieving students, and forty-nine high-achieving students in this study by these guidelines.

This raises a question for me.  How many of these were really “high achieving students” with grades of A or B?  There might be some value in breaking the data into more than two groups and developing a third category, “adequately achieving” or “minimally achieving” students, and breaking the group of high into these two categories for your analysis. The trend that lower achieving students perform better on the explanative recall should be demonstrated for students in the higher achieving category as well, if you take the bottom of these and compare them to the higher. Could this be an artifact of the fact that what we value in testing isunderstood better by some students who are test wise and learn to recall in a way that gets them the maximum return on the tests?
Experimental Materials


After studying the unit of Invertebrates and Plankton via various activities, projects, and studies, a multi-media presentation of information was presented to the students in terms of review (Appendix B).  The presentation was made and displayed using Microsoft PowerPoint software on a Macintosh iBook running MacOS X.  The PowerPoint was projected onto a screen by an LCD projector, requiring the room to be slightly darkened (one of three sets of lights on) to be able to see easily.


The PowerPoint was used in a teacher-led presentation.  The students had a study guide (Appendix C) to fill in the information during the presentation.  The intent was for this study guide to be used to prepare for the exam that was given the following class period (one to two days after).


Students had one and a half hours to complete the exam.  The exam was designed to assess the students’ retention and understanding of the content previously presented in the course.  The exam was based on the information and concepts as most recently seen in the PowerPoint presentation and reinforced with the study guide.  Specific questions were labeled as either Explanative (E) or Descriptive (D) questions, depending on the recall method presented by Lim and Benbasat (2002).  Essentially, questions pulling together two or more parcels of information were labeled as “Explanative”, with questions requiring only one main parcel of information to be recalled as “Descriptive”.  For example, question 32 was labeled as E and requires bringing together shape, texture, symmetry, and organ knowledge.  On the other hand, question 17 requires the remembering of one specific word, which may not have made as many connections in the brain.  An experienced (30 year) science teacher/administrator conferred with me over which questions received which type of label.  The question formats were created as other exams have been designed for the course, including true-false questions, multiple choice, term matching, picture matching, short answer, and paragraph answer.  Appendix D is the actual exam given to the students.

Data Collection and Analysis


After the tests were completed and gathered, they were scored per usual for the course to determine the students’ grades.  After this, the number correct for each question denoted as either Explanative or Descriptive was recorded for all students, higher-achieving students, and lower-achieving students.  These numbers were analyzed for significance using a Student T-test for each of the question types and by student achievement level.

Results

 
Table 1 shows the percentages of correct answers for each of the Explanative and Descriptive questions from the exam by all students, as well as the total percent correct of each question type.

	Question #
	Correct
	Attempted
	Percent
	D or E

	5
	64
	77
	83.1%
	D

	7
	56
	77
	72.7%
	D

	8
	30
	77
	39.0%
	D

	9
	62
	77
	80.5%
	D

	31
	37
	77
	48.1%
	D

	33
	61
	77
	79.2%
	D

	38
	56
	77
	72.7%
	D

	39
	54
	77
	70.1%
	D

	1
	60
	77
	77.9%
	E

	2
	47
	77
	61.0%
	E

	3
	57
	77
	74.0%
	E

	10
	49
	77
	63.6%
	E

	27
	48
	77
	62.3%
	E

	28
	51
	77
	66.2%
	E

	29
	49
	77
	63.6%
	E

	30
	72
	77
	93.5%
	E

	32
	59
	77
	76.6%
	E

	35
	42
	77
	54.5%
	E

	36
	58
	77
	75.3%
	E

	40
	47
	77
	61.0%
	E

	
	
	
	
	

	Average Percent Correct

	Descriptive:

68.2%

	Explanative:

69.2%

	Table 1: The percent correct for each question as labeled either requiring descriptive recall or explanative recall information.  For all questions, slightly more correct answers were given to Explanative recall type questions.


This table shows that slightly more students answered questions requiring explanative recall of information correctly on the exam then on the selected descriptive questions.

	D or E
	Question #
	Right?
	# ATTEMPTED
	% Right

	D
	5
	15
	28
	53.6%

	D
	7
	11
	28
	39.3%

	D
	8
	5
	28
	17.9%

	D
	9
	15
	28
	53.6%

	D
	32
	8
	28
	28.6%

	D
	33
	18
	28
	64.3%

	D
	38
	11
	28
	39.3%

	D
	39
	12
	28
	42.9%

	E
	1
	19
	28
	67.9%

	E
	2
	15
	28
	53.6%

	E
	3
	13
	28
	46.4%

	E
	10
	12
	28
	42.9%

	E
	27
	7
	28
	25.0%

	E
	28
	12
	28
	42.9%

	E
	29
	10
	28
	35.7%

	E
	30
	24
	28
	85.7%

	E
	31
	16
	28
	57.1%

	E
	35
	12
	28
	42.9%

	E
	36
	12
	28
	42.9%

	E
	40
	13
	28
	46.4%

	Average % Correct

	All Questions:

46.4%

	Descriptive:

42.4%

	Explanative:

49.1%

	Table 2: The percent correct for each question as labeled either requiring descriptive recall or explanative recall for students who received less than a 70% score on the exam, classified as “lower-achieving”.  A larger difference is present between the percentage of correct answers for explanative versus descriptive question types.



Breaking the data down further into higher- and lower- achieving students on the test shows that there is further separation between the descriptive and explanative questions (Table 2).  Table 3 shows the same information as Table 2, but for students who received a classification of “high-achieving” on the exam (greater than 70% overall grade).  Note the overall higher percentage correct, but also the reversals on relative scoring for Descriptive versus Explanative recall pathway questions.  Low-achieving students averaged 6.7% higher on Explanative-type questions, while high-achieving students scored on average 2.3% higher on Descriptive-type questions.

	D or E
	Question #
	Right?
	# ATTEMPTED
	% Right

	D
	5
	49
	49
	100.0%

	D
	7
	45
	49
	91.8%

	D
	8
	25
	49
	51.0%

	D
	9
	47
	49
	95.9%

	D
	32
	29
	49
	59.2%

	D
	33
	43
	49
	87.8%

	D
	38
	45
	49
	91.8%

	D
	39
	42
	49
	85.7%

	E
	1
	41
	49
	83.7%

	E
	2
	32
	49
	65.3%

	E
	3
	44
	49
	89.8%

	E
	10
	37
	49
	75.5%

	E
	27
	41
	49
	83.7%

	E
	28
	39
	49
	79.6%

	E
	29
	39
	49
	79.6%

	E
	30
	48
	49
	98.0%

	E
	31
	43
	49
	87.8%

	E
	35
	30
	49
	61.2%

	E
	36
	46
	49
	93.9%

	E
	40
	34
	49
	69.4%

	Average % Correct

	All Questions:

81.5%

	Descriptive:

82.9%

	Explanative:

80.6%

	Table 3: The percent correct for each question as labeled either requiring descriptive recall or explanative recall for students who received greater than a 70% score on the exam, classified as “high-achieving”.  These students scored slightly higher on questions requiring descriptive recall pathways, opposite the “low-achieving” students.


Figure 1 shows the average percent correct for overall, descriptive, and explanative question types for “high-” and “lower-achieving” students side by side.  Note the larger differences between the question types for “lower-achieving” than for high.

	Figure 1: Average percent correct for both high and low achieving students in terms of overall, explanative, and descriptive question types.  “Lower-achieving” students averaged higher on explanative-type questions relative to their overall score, the opposite of the “high-achieving” students.

	
[image: image1.wmf]


Need to add statistics/T-test for significance.
Conclusions

Adding here!

Reflection

While conducting this study, especially while grading and analyzing the tests in much more detail and more closely than feasibly possible for other assignments I noticed definite trends in each of my students’ tests, but more extremely for the “low-achieving” students.  I noticed that although scores change in scores by question type was “statistically insignificant”, a lot of the students missed a bulk of one or the other question type.  For example, a student may do well on the explanative questions (above the average correct), but do poorly on the descriptive questions (below the average) and thus have go into the “low achiever” category.  These trends were very eye opening for me as a teacher. By knowing individual students’ strengths and challenges I can try to help each succeed by playing to their strengths.  For instance when giving a test, I can have “choose one or the other” sections or questions and vary those by question type.  Another outcome of this study for myself is that I feel that higher order thinking skills can be met by either explanative recall or by inference skills, but that the best thing I can do is help students to achieve highly at all types of tasks to better prepare them for different tasks which may show up further in their schooling or in their workplace later on.

However, the results display a dilemma for a teacher.  If I attempt to help the “low-achieving” students by including more Explanative type questions, then the “higher-achieving” students may not score as well as they are capable on the exam.  Not because they do not understand the material, but because the statistics and research show that they simply store and recall information differently than some of the other students.
I want to learn more about this delimma.  Isn’t it just the reverse of the current practice, but now it favors different students?  If achievement is more than recall, then the problem may actually be much greater, don’t you think?  I would consider an exam that hurt any type of student not desirable, but somehow flawed.  Could there be an assessment strategy that allows students to have more input and choice, therefore providing a more even and democratic playing field?  You raise some important issues here and you should follow them through a bit more to see where they lead.  Describing learning as recall and improving recall by repeated practice is a very narrow definition of learning, but it obviously previleges some students and not others. Is such a system fair for anyone who is not among those chosen by the system to succeed?    
Appendix A – Course Outline

Fall 2003  Marine Science Course Outline

Unit One:  Introduction to Oceanography

Section One - The Marine World, Review of Scientific Method
Scientific Practices

History of human and ocean interaction

History of Oceanography
Section Two - Geological and Physical Oceanography

Earth’s formation and evolution (Plate Tectonics)

Seafloor structures

Sea level changes

Winds, Currents, Weather

Waves, Tides, Tsunami

Section Three – Marine Chemistry
Chemical Properties of Water

Composition & Major Ions in Seawater

Chemical Cycles

Salinity & Density

Temperature and Light into the Depths


Aquarium research and set-up

Unit Two:  Introduction to Marine Biology

Section Four – Plankton!

Importance and kinds

Section Five - Marine Invertebrates
Marine Invertebrates Characteristics

Phylum Porifera- The Sponges

Phylum Cnidaria- Jellyfish & Corals

Flat, Round, and Segmented Worm Phyla
Phylum Mollusca- Bivalves/Cephalopods

Class Crustacea-  Shrimps & Crabs

Phyum Echinodermata-  Circles of Five

Body Symmetry in Invertebrate Animals

Appendix B – Review Sheet

Name:________________

Plankton and Invert Study Sheet

Complete in class, correct answers with PowerPoint, and turn in for a grade

Plankton:

· Definition – 

· Phytoplankton -

· Zooplankton -

· Species – 

· Importance –

· Distribution -

· Offshore:

· Onshore:

· Zooxanthellae:

· Question - 

Phylum Protozoa:

·  What are they? -

·  Why important (evolution) - 

Phylum Porifera:

· What are they? –

· Body-plan? – 

· Eat? Life is like? –

· Question - 

Phylum Cnidaria:

· All have in common? –

· Examples of animals? –

· Life-cycle?

· Question - 

Phylum Mollusca

· All have in common? – 

· Mantle is? - 

· Class Gastropoda:

· Examples? –

· Common feeding? – 

· Anatomy? – 

· Question - 

· Class Pelecypods (Bivalve):

· Anatomy? – 

· Open? –

· Feeding? –

· Examples? –

· Question - 

· Class Cephalopoda

· Examples? – 

· Anatomy? (siphon for? Ink-sac? Arms/tentacles?) – 

· Why special? –

· Question –

Arthropods:

· Growing? –

· Anatomy? –

· Examples? – 

· Question –

Echinoderms:

· Name means? – 

· All have in common? – 

· Symmetry? – 

· Examples – 

· Question –

Relationships

· Mutualism – 

· What is? -

· Example? -

· Commensalism – 

· What is? - 

· Example? -

· Parasitism – 

· What is? – 

· Example? – 

· Question – 

“Major Question Ideas”

· Plankton dispersal important in Hawai'i?

· Compare two different molluscs: why are they different? How simliar? Which ‘more advanced’ and why?

· Does Symmetry relate to how advanced something is?  Why/how?

Appendix C – The PowerPoint Study Session
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Appendix D – The Exam   

Name:____________

Plankton and Invertebrates

I.    True or False - Fill in the blank with True or False (2 points each).  Correct false answers for 1 point extra credit each.

________  1)   Most marine invertebrates live part of their lives as plankton.

________  2)   There are much higher numbers of plankton in the middle of the ocean than near land.

________  3)   Phytoplankton eat much more zooplankton than fish or invertebrates.

________  4)   Tropical oceans generally have much greater primary productivity than the oceans near the poles.

________  5)   Cnidarians and echinoderms both have a body structure based on radial symmetry.

________  6)   Because light penetrates only about 200 meters deep into the ocean, plankton are virtually never found below this depth.

________  7)   Probably the smartest of all the invertebrate species are members of Phylum Mollusca.

________  8)   Copepods are always the most abundant type of zooplankton in all parts of the ocean.

________  9)   The ink sac was a long, clear, feather-like organ inside the squid.

________  10) Most gastropods have two shells.

II.    Invertebrate Matching - Fill in the blanks with the letter of the matching invertebrate group. Use each letter only once.    (2 points each).
    Invertebrate Group
_____11)  Mollusk











_____12) Gastropod











_____13) Cnidarian











_____14) Echinoderm











_____15) Porifera











_____16) Crustacean
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III.  Matching - Fill in the blanks with the letter of the word that best matches the clue. Use each letter only once.  (2 points each)

	_____17)  the name for a baby or immature form of an organism

_____18)  the name for a marine organism that drifts in the ocean it’s life

_____19)  a crustacean zooplankton

_____20)  the name for a cnidarian that is attached to the bottom

_____21)  this special organ possessed by many molluscs can make shell material

_____22)  all crustaceans have this to protect themselves

_____23)  a rough, rasping "tongue" that allows snails to scrape up algae

_____24)  a cnidarian in the free-floating stage of it’s life cycle

_____25)  stinging cell found in all cnidarians

_____26)  an organism such as a diatom or dinoflagellate which photosynthesizes to produce its food
	a) plankton

b) phytoplankton

c)  zooplankton

d) cehpalothorax

e) mantle

f)  radula

g) larva

h) polyp

I)  nematocyst

j)  medusa

k) copepod

l)  exoskeleton


V.   Multiple Choice - Circle the letter of the best answer.  (3 points each)

27)  Crustaceans have all of the following major characteristics except:

a)  jointed legs

b)  internal skeleton

c)  compound eyes

d)  segmented body

28)  Which of the following animals is not an echinoderm?

a)  sea anemone

b)  sea cucumber

c)  sea star

d)  sea urchin

29)  While exploring 10,000 meters down in a deep-sea trench, you discover a new species of invertebrate.  It is over 40 feet long and 1500 pounds.  Its body is soft and white on the outside with numerous well-developed internal organs.  In live video footage, specimens seem alert, active, and intelligent.   Into which invertebrate phylum would you group it?

a)  Phylum Porifera

b)  Phylum Cnidaria

c)  Phylum Echinodermata

d)  Phylum Mollusca

30)  Which of the following is not a crustacean?

a)  lobster

b)  shrimp

c)  clam

d)  crab

31)  Which of the following is true of the members of Phylum Mollusca?

a)  All have internal organs contained inside a special sac in their foot.

b)  They all have an external shell made of calcium carbonate.

c)  They all eat only plants.

d) They are not found in the ocean.

Plankton and Inverts-  page 3

32)  While exploring in the Arctic Ocean, you discover a new species of invertebrate.  It is five feet across and over one hundred pounds.  Its body is round with rough, prickly skin.  It has well-defined organs and five distinct body separations.  Into which invertebrate group would you classify it?

a)  Phylum Porifera

b)  Phylum Echinodermata

c)  Phylum Cnidaria

d)  Phylum Mollusca

33)  Jellyfish, corals and sea anemones belong to this invertebrate phylum?

a)  Phylum Porifera

b)  Phylum Cnidaria

c)  Phylum Echinodermata

d)  Phylum Mollusca

34)  Which of the following invertebrate groups contains the largest number of different species?

a)  Mollusks

b)  Echinoderms

c)  Cnidarians

d)  Annelids

35)  Which of the following invertebrate groups do not have radial symmetry in their body structure?

a)  starfish

b)  sea urchins

c)  coral polyps

d)  flatworms

36) Which of the following is true in a commensal relationship?

a) neither organism benefits from the relationship

b) both organisms are harmed by the relationship

c) one organism doesn’t lose or gain anything

d) never exist in the “real world”

37)  Because they eat the meat of other marine creatures, ‘ulua (Trevally) are considered to be:

a)  planktivorous 

b)  herbivorous 

c)  carnivorous 

d)  omnivorous 

38)  A tapeworm is in a parasitic relationship with which of the following?

a)  whale

b)  lobster

c)  jellyfish

e) squid

39) The phylum with the most species in the world is:

a)  Phylum Arthropoda

b)  Phylum Echinodermata

c)  Phylum Cnidaria

d)  Phylum Mollusca

40) Which of the following is not a group in the phylum Mollusca?

a)  bivalvia

b)  cepholopoda

c) crustacea

d)  gastropoda

Look on the back for the writing questions (
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VI.
  Short Answer – Answer 3 of the questions with a sentence or two.  Be specific. 5 points each.

41) List a marine food chain starting with plankton that includes five steps.

42)  Explain what a clam uses the following for: Mantle, Foot, and Adductor Muscles.

43) What is a mutualism symbiotic relationship?  Give an example of two organisms in one.

44) What is the gladius (or pin) in a squid?  What did it used to be?  What does it show about a squid?

45) Describe filter feeding, and give an example of an organism that does this.

VII.   Paragraphs - Complete at least two of the following paragraph topics.  For each choice, write a good paragraph answering and explaining all parts.  Don't forget to use a good introductory sentence and 3-5 supporting sentences for each.  Extra credit for doing more than two.  (10 points each).  Use blank paper if needed.

1) Compare body plans between squid and clams.  Both are molluscs, but they have very different body parts.  What is similar?  What is different?

2) Describe what our plankton count data showed.  Where was more and less plankton?  Where were more and less diversity?   Finally, why is plankton important to Hawai'i and our ecosystems?

3) Why are coral reefs important to us in Hawai'i?  (Ideas to discuss: Human impact and need? Where is there more life? What are places without reefs like?)

4) Compare and contrast two different phyla.  What are typical body plans? What makes an organism to be grouped in each? Why are they different?  Give an example of an organism in each.

Daniel Siegel, http://www.pbs.org/wgbh/pages/frontline/shows/teenbrain/work/how.html
Regarding learning and memory, the relationships among factual and autobiographical memory suggest that we may be well served to have students integrate knowledge of the semantic (factual world) with self-knowledge (autonoesis) for more lasting and better remembered knowledge structures.

Fischer, Kurt, http://www.pbs.org/wgbh/pages/frontline/shows/teenbrain/work/how.html
New cognitive capacities emerge at 10, 15, 20, and 25 years, in which young people become capable of using abstract concepts skillfully and relating them to each other in successively more complex ways. Younger children cannot use abstractions flexibly but instead reduce them to concrete instances and memorized definitions. At 9 to 10 years children become able to construct flexible abstract concepts, such as conformity, responsibility, and the operation of multiplication; but when they try to relate two abstractions to each other, they muddle them together. At about age 15 they can build flexible relations between a pair of abstractions and thus stop muddling them so badly. At age 19 or 20 they can build complex relations among multiple abstractions, and at 25 they can connect systems of abstractions to understand principles underlying them. Each of these developments involves the capacity to build a new kind of understanding, but that capacity is evident only in areas where young people work to construct their understanding -- the new abilities do not appear in all skills but only in those where the individual demonstrates optimal performance. A major challenge for neuroscientists is to understand how these emerging capacities relate to brain changes.
Omit this???? Doesn’t seem to fit





Methinks this is why he wants you to make three groups…





You can respond to this, with differentiated  Instruction stuff….








_1024559617.xls
allclass1

						Period 1						Period 2						Period 3						Period 4								TOTALS

		D or E		Question #		Right?		# ATTEMPTED		% Right		Right?		# ATTEMPTED		% Right		Right?		# ATTEMPTED		% Right		Right?		# ATTEMPTED		% Right				Right		Attempted		Percent		D or E		Question #				Average Percent Corect

		E		1		26		26		100.0%		16		17		94.1%		12		21		57.1%		6		13		46.2%				60		77		77.9%		E		1		E		D

		E		2		21		26		80.8%		13		17		76.5%		6		21		28.6%		7		13		53.8%				47		77		61.0%		E		2

		E		3		22		26		84.6%		10		17		58.8%		17		21		81.0%		8		13		61.5%				57		77		74.0%		E		3

		D		5		27		26		103.8%		11		17		64.7%		15		21		71.4%		11		13		84.6%				64		77		83.1%		D		5

		D		7		22		26		84.6%		14		17		82.4%		14		21		66.7%		6		13		46.2%				56		77		72.7%		D		7

		D		8		11		26		42.3%		6		17		35.3%		6		21		28.6%		7		13		53.8%				30		77		39.0%		D		8

		D		9		25		26		96.2%		14		17		82.4%		16		21		76.2%		7		13		53.8%				62		77		80.5%		D		9

		E		10		18		26		69.2%		11		17		64.7%		11		21		52.4%		9		13		69.2%				49		77		63.6%		E		10

		E		27		19		26		73.1%		11		17		64.7%		14		21		66.7%		4		13		30.8%				48		77		62.3%		E		27

		E		28		20		26		76.9%		10		17		58.8%		14		21		66.7%		7		13		53.8%				51		77		66.2%		E		28

		E		29		18		26		69.2%		11		17		64.7%		12		21		57.1%		8		13		61.5%				49		77		63.6%		E		29

		E		30		25		26		96.2%		17		17		100.0%		19		21		90.5%		11		13		84.6%				72		77		93.5%		E		30

		D		31		14		26		53.8%		7		17		41.2%		11		21		52.4%		5		13		38.5%				37		77		48.1%		D		31

		E		32		21		26		80.8%		12		17		70.6%		15		21		71.4%		11		13		84.6%				59		77		76.6%		E		32

		D		33		25		26		96.2%		15		17		88.2%		14		21		66.7%		7		13		53.8%				61		77		79.2%		D		33

		E		35		20		26		76.9%		7		17		41.2%		8		21		38.1%		7		13		53.8%				42		77		54.5%		E		35

		E		36		20		26		76.9%		13		17		76.5%		16		21		76.2%		9		13		69.2%				58		77		75.3%		E		36

		D		38		20		26		76.9%		13		17		76.5%		12		21		57.1%		11		13		84.6%				56		77		72.7%		D		38

		D		39		23		26		88.5%		10		17		58.8%		11		21		52.4%		10		13		76.9%				54		77		70.1%		D		39

		E		40		20		26		76.9%		13		17		76.5%		8		21		38.1%		6		13		46.2%				47		77		61.0%		E		40

		E		Essay 1

		E		Essay 2

		E		Essay 3

		E		Essay 4





allclasssum

		TOTALS														Average Percent Correct

		Right		Attempted		Percent		D or E		Question #				Total:		68.8%

		64		77		83.1%		D		5				Descriptive:		68.2%

		56		77		72.7%		D		7				Explanative:		69.2%

		30		77		39.0%		D		8

		62		77		80.5%		D		9

		37		77		48.1%		D		10

		61		77		79.2%		D		11

		56		77		72.7%		D		38

		54		77		70.1%		D		39

		60		77		77.9%		E		1

		47		77		61.0%		E		2

		57		77		74.0%		E		3

		49		77		63.6%		E		10

		48		77		62.3%		E		27

		51		77		66.2%		E		28

		49		77		63.6%		E		29

		72		77		93.5%		E		30

		59		77		76.6%		E		32

		42		77		54.5%		E		35

		58		77		75.3%		E		36

		47		77		61.0%		E		40

		Did higher average students do better on D or E type?

		Did lower average students do better on D or E type?

		Essay questions better assessment as related to introduction method (i.e. discussion and exploration)

		52.95

		53.25

		52.5





allclasssum

		



Question Type

Percent Correct Answers

Average correct answers for descriptive vs. explanative questions



lowachieve

		D or E		Question #		Right?		# ATTEMPTED		% Right						% Correct

		D		5		15		28		53.6%				All		46.4%

		D		7		11		28		39.3%				Explanative		49.1%

		D		8		5		28		17.9%				Descriptive		42.4%

		D		9		15		28		53.6%

		D		10		8		28		28.6%

		D		11		18		28		64.3%

		D		38		11		28		39.3%

		D		39		12		28		42.9%

		E		1		19		28		67.9%

		E		2		15		28		53.6%

		E		3		13		28		46.4%

		E		10		12		28		42.9%

		E		27		7		28		25.0%						Low Achievers				All Class

		E		28		12		28		42.9%		# Correct		# Attempted		% Correct				% correct		# Attempt		# Correct

		E		29		10		28		35.7%		13		28		0.464				0.688		77		53.0

		E		30		24		28		85.7%		13.75		28		0.491				0.692		77		52.5

		E		31		16		28		57.1%		11.875		28		0.424				0.682		77		53.3

		E		35		12		28		42.9%

		E		36		12		28		42.9%

		E		40		13		28		46.4%
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finalgraphbar

		% Correct High		% Correct High		% Correct High

		% Correct Low		% Correct Low		% Correct Low



All

Explanative

Descriptive

High and Low achieving students average percent correct

0.8153061224

0.806122449

0.8290816327

0.4642857143

0.4910714286

0.4241071429



highachieve

		D or E		Question #		Right?		# ATTEMPTED		% Right						% Correct High		% Correct Low

		D		5		49		49		100.0%				All		81.5%		46.4%

		D		7		45		49		91.8%				Explanative		80.6%		49.1%

		D		8		25		49		51.0%				Descriptive		82.9%		42.4%

		D		9		47		49		95.9%

		D		32		29		49		59.2%

		D		33		43		49		87.8%

		D		38		45		49		91.8%

		D		39		42		49		85.7%

		E		1		41		49		83.7%

		E		2		32		49		65.3%

		E		3		44		49		89.8%

		E		10		37		49		75.5%

		E		27		41		49		83.7%						Hight Achievers				All Class

		E		28		39		49		79.6%		# Correct		# Attempted		% Correct				% correct		# Attempt		# Correct

		E		29		39		49		79.6%		39.95		49		81.5%				68.8%		77		53.0

		E		30		48		49		98.0%		39.5		49		80.6%				69.2%		77		52.5

		E		31		43		49		87.8%		40.625		49		82.9%				68.2%		77		53.3

		E		35		30		49		61.2%

		E		36		46		49		93.9%

		E		40		34		49		69.4%
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