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Introduction: This module will introduce students to the scientific method utilizing each students data of their working memory. The sequence learning module integrates math and science curricula to study memory and ways to effectively improve memory. This module is designed to enhance study skills, teach brain anatomy and use the scientific method.
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Introduction

This module covers the scientific method using an inquiry based activity. This activity is student centered that will help enhance student motivation and involvement and will facilitate greater understanding.  In addition Technology will be integrated in the form of a simulation.

Intended Audience
The intended audience for this module is Middle school science, health classes and high school biology. This module could be used for the levels listed above and for students with different learning styles (i.e. visual, auditory, and kinesthetic).  National SAT II and Biology AP exams assess understanding of the scientific method; therefore, including this topic in curriculum increase a student’s probability of success on these exams. The curriculum choices are inherited in the sequence of each individual school or school district. The use of student centered inquiry based scientific investigation will meet parent expectations. Furthermore, a wide array of curriculum objectives can be covered by adopting this unit. This module enhances the curriculum in four specific ways:
· Student centered

· Technology implementation through the simulation

· Higher order processing through data analysis, drawing conclusions and making inferences

· Content standards within anatomy and physiology
Adjustment/Adaptation

This module could be adjusted or adapted at different points within the module (i.e. inserting/deleting power point slides in the classroom presentation, inserting/deleting information within the assessment pieces, etc.). In a computer limited environment teachers my use large flash cards in lieu of the computer simulation in the sequence learning module on working memory.  In addition, the mathematical model simulation could be an additional enhancement for advanced classes.
Placement in the curriculum
This module conforms to State and National Standards specifically with regard to scientific inquiry skills standards which are the framework on which the school and the school district develop their curriculum.  At the middle school and high school biology level it is possible to complete the same number of lab experiences and the option to substitute this module for a lab on scientific method. This activity also allows for differentiated instruction.  If computers are used, students need to have a basic knowledge of computer use including how to access the web.

National Standards:

Science Content Standards: 6-8 and 9-12

Science as Inquiry
· Identify questions and concepts that guide scientific investigations

· Design and conduct scientific investigations

· Use technology and mathematics to improve investigations and communications

· Formulate and revise scientific explanations and models using logic and evidence

· Communicate and defend a scientific argument
Time
Time for review of the following materials 

· teacher instructions 

· classroom materials 

· software users guide

should take approximately 30 minutes.  In addition, the sequence learning computer simulation should be reviewed.  There would not be any preparation time for students.  The unit would take approximately (5) forty-minute periods to complete (in its entirety).  A teacher could choose to include all 5 days of lessons or could select a specific section to cover a particular topic such as hypothesis development.  To promote efficiencies, mobile labs or computer labs should be reserved ahead of time.  If computers are limited, create flash cards (on card stock) with numbers on them for in-class simulation.  Follow up activities could include (but are not limited to) the generation of science fair question(s), inclusion of mathematic models simulating biological processes, and additional investigations regarding memory-enhancing strategies.

Resources   
*Note:  All of the materials have been developed for students at a standard middle school and high school class level.  Teachers can adapt the materials to best fit their students’ academic ability and grade level.

· Computer equipped with a web browser and Java 5.0

· Sequence Learning Experiment - available online at http://cns.bu.edu/CELEST/curriculummaterials/sequencelearning.html
· Sequence Learning documents - available online at http://cns.bu.edu/CELEST/curriculummaterials/sequencelearning.html
· Teacher Instructions

· Background and Theory

· Classroom Presentation (PowerPoint)

· Software User’s Guide

· Classroom Materials

· Pen/Pencil

· Ruler
· Laboratory notebook

· Printer

· Conventional graph paper

· Flash cards (made from 8 ½” x 11” cardstock; write numbers on cardstock with black sharpie approximately 7” tall for easy reading)

· http://www.musanim.com/miller1956/
· http://en.wikipedia.org/wiki/The_Magical_Number_Seven,_Plus_or_Minus_Two
· http://www.nces.ed.gov/nceskids/createagraph/default.aspx
· http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10546336&ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
· http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2729453&ordinalpos=23&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
· http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=14477367&ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
· Carlson, M. O., Humphrey G. E., Reinhardt, K. S.  (2003). Weaving science inquiry and continuous assessment: using formative assessment to improve learning Thousands Oaks California: Corwin Press, Inc.

· Cowan, N., Nugent, L. D., Elliott, E. M., Ponomarev, I., & Saults, J. S.
(1999). The Role of Attention in the Development of Sort-Term Memory:
Age Differences in the Verbal Span of Apprehension. /Child Development/,
/70/, 5, 1082-1097.

· Watkins, M. J., Neath, I., & Sechler, E. S. (1989). Recency effect in
recall of a word list when an immediate memory task is performed after
each word presentation. /American Journal of Psychology/,/ 102/, 2, 265-270.

· Murdoch, B. B. (1961). The retention of individual items. /Journal of
Experimental Psychology/, /62/, 618-

Electronic equipment
(1) Computer equipped with web browser & Java 5.0 for each student in course

(1) printer 

Goals & objectives
MIDDLE SCHOOL

General Science / Health

Students will:

1. Define working memory.

2. Identify the structures involved in storing and retrieving memory within the brain.

3. Distinguish between long-term and working memory.

4. Describe the constant use of memory in everyday life.

5. Relate the primacy and recency effect to working memory and retrieval.

6. Complete the Sequence Learning Experiment.

7. Analyze a bar graph.

8. Interpret and analyze experimental data.

9. Use the scientific method.

10. Relate the effect of distractions and attention on working memory.

HIGH SCHOOL

Biology / Anatomy and Physiology

Students will:

1. Define memory.

2. Identify the structures involved in storing and retrieving memory within the brain.

3. Distinguish between long-term and working memory.

4. Describe the constant use of memory in everyday life.

5. Relate the primacy and recency effect to working memory and retrieval.

6. Relate the effect of distractions and attention on working memory

7. Complete the Sequence Learning Experiment.

8. Analyze a bar graph.

9. Interpret and analyze experimental data.

10. Apply the scientific method as a means to solve problems.

Massachusetts Department of Education Frameworks
MIDDLE SCHOOL

Grade 6-8 Life Science

· Skills of Inquiry

1. Formulate a testable hypothesis.

2. Design and conduct an experiment specifying variables to be changed, controlled, and measured.

3. Select appropriate tools and technology (e.g., calculators, computers, thermometers, meter sticks, balances, graduated cylinders, and microscopes), and make quantitative observations. 
4. Present and explain data and findings using multiple representations, including tables, graphs, mathematical and physical models, and demonstrations.

5. Draw conclusions based on data or evidence presented in tables or graphs, and make inferences based on patterns or trends in the data.

6. Communicate procedures and results using appropriate science and technology terminology.

7. Offer explanations of procedures, and critique and revise them.
· Content Standards

Systems in Living Things

6.  Identify the general functions of the major systems of the human body 

      (digestion, respiration, reproduction, circulation, excretion, protection from    

      disease, and movement, control, and coordination) and describe ways that these 

      systems interact with each other.

Grade 5-6 Mathematics
Learning Standards

Patterns, Relations, and Algebra

6.P.1 Analyze and determine the rules for extending symbolic, arithmetic, and geometric patterns and progressions.

6.P.4 Represent real situations and mathematical relationships with concrete models, tables, graphs, and rules in words and with symbols, e.g. input-output tables.

6.P.6 Produce and interpret graphs that represent the relationship between two variables in everyday situations.

Data Analysis, Statistics, and Probability

6.D.2 Construct and interpret stem-and-leaf plots, line plots, and circle graphs. 

Grade 7-8 Mathematics

Learning Standards

Patterns, Relations, and Algebra

8.P.1 Extend, represent, analyze, and generalize a variety of patterns with tables, graphs, words, and when possible, symbolic expressions. Include arithmetic and geometric progressions, e.g., compounding.

8.P.4 Create and use symbolic expressions and relate them verbal, tabular, and graphical representations. 

8.P.8 Explain and analyze- both quantitatively and qualitatively, using pictures, graphs, charts, or equations- how a change in one variable results in the change in another variable in functional relationships.

Data Analysis, Statistics, and Probability

8.D.2 Select, create, interpret, and utilize various tabular and graphical representations of data, e.g. circle graphs, Venn diagrams, scatter plots, stem-and leaf plots, box-and whisker plots, histograms, tables, and charts.  Differentiate between continuous and discrete data and ways to represent them.

HIGH SCHOOL
Biology

Scientific Inquiry Skills 


SIS1. Make observations, raise questions, and formulate hypotheses.


SIS2. Design and conduct scientific investigations.


SIS3. Analyze and interpret results of scientific investigations.
SIS4. Communicate and apply the results of scientific investigations.
Content Standards 

4. Anatomy and Physiology

4.4 Explain how the nervous system (brain, spinal cord, sensory neurons, motor neurons) mediates communication between different parts of the body and the body’s interactions with the environment. Identify the basic unit of the nervous system, the neuron, and explain generally how it works.

4.7 Recognize that communication between cells is required for coordination of 

body functions. The nerves communicate with electrochemical signals, hormones circulate through the blood, and some cells produce signals to communicate only with nearby cells.

Grade 9-10 Mathematics

Learning Standards

Patterns, Relations, and Algebra
10.P.1 Extend, represent, analyze, and generalize a wide variety of patterns, including iterative, recursive (e.g. Fibonnacci numbers), linear, quadratic, and exponential functional relationships.

Data Analysis, Statistics, and Probability

10.D.1 Select, create and interpret an appropriate graphical representation (e.g. scatterplot, table, stem-and –leaf plots, box-and-whisker plots, circle graph, line graph, and line plot) for a set of data and use appropriate statistics (e.g. mean, median, range, and mode) to communicate information about the data. Use these notions compare different sets of data.

10.D.3 Describe and explain how the relative sizes of a sample and the population affect the validity of predictions from a set of data. 

Goal: Students will be able to quantitatively describe how distractions affected their working memory and communicate and apply the results of their scientific investigation to a real world scenario.

Instructional activities guidance

1)  Read Background and Theory and review all other Sequence Learning documents.

2)  Review Sequence Learning computer simulation.

3)  Reserve mobile computers or computer lab (if computers are not available, print out flash cards for use in place of computer simulation).

4)  Review Table 1: Suggested order of daily instruction, customizing plan as needed.

5)  Review Table 2: Types of instruction/assessment, choosing the assessments that best fit your student population.

Table 1.  Suggested Order of Daily Instruction:

	Day
	1
	2
	3
	4
	5

	Activity
	1.  Challenge Question 
(add question here)
2.  Show working memory power point class presentation

3.  Begin to formulate hypothesis 
	1.  Review hypothesis 
2. Explain the steps necessary to run and use the Sequence Learning  experiment

3.  Perform sequence learning experiment

4.  Print graphs of individual data from simulation

5.  Merge graphs of Phase II with and without distracters

6.  List four or five observations from our graphs 


	1.  Groups: Compile a list of the observations from the graphs.

2.  Present additional slides from Sequence Learning Class Presentation
3.  Note taking: students document main points from the presentation possibly creating reference index cards on the information.

4. Based on both the data from the graph & class presentation, students will write 4 or 5 statements that they will use to write a logical conclusion to their hypothesis.


	1.  Have students compare their statements in groups and look for commonalities in their statements 

2.  Share their finding with the class. 

3.  Each student will write their individual conclusion from class discussion (and reference index cards if used) as it pertains to their individual data using the steps outlined in the laboratory report rubric.


	1. Using the laboratory Rubric, each student will be write/type their lab report.

2.  Class discussion 
“What implication does this have for your approach to life in general, but more specifically to your approach to your study habits?”
3.  Students create a classroom poster summarizing the implications of this investigation on their study habits.




Table 2.  Types of instruction/assessment

	Type of instruction
	Activity
	Type of assessment
	Assessed by

	Hands on
	Computer

Simulation
	Formative
	Continuous assessment (observation of student performance & student journal writing)

	Individual/group
	Challenge question
	Formative
	Continuous assessment (review student journal writing & sparking science conversations)

	Individual
	Note taking
	Formative
	Continuous assessment

(review student notes)

	Individual
	Index card creation
	Formative
	Performance-based task (student index card rubric)

	Individual
	Written formal lab report
	Summative
	Performance-based task (laboratory rubric)

	Individual
	Worksheets
	Formative/summative
	Homework (worksheet answer sheet)

	Individual/group
	Creation of hypothesis
	Formative/summative
	Performance-based task (hypothesis rubric) & portfolio (unit: scientific method)

	Individual
	Creation of tables/graphs
	Formative/summative
	Performance-based task (table & graph rubric) & portfolio (unit: scientific method)


Name _________________________________________
Date _________________

Assessment - Lab Report

Combine your knowledge of the scientific method and the experience of the lab you have just completed to type a formal lab report.  

The lab report must include the following:

· An appropriate heading (including your name, date, your teacher’s name, class, and title)

· Purpose

· Hypotheses

· Materials

· Procedure

· Data and Observations 

· Data Analysis

· Conclusions

Your report must be typed using Times New Roman, font size 12 and must be printed in black ink only.  Your teacher will give you additional instructions for your lab report, including a grading rubric, which you should refer to as you complete your lab report.

Student Name: _________________________
Date: _____________
Lab Report Rubric




Score: ____________
	Parameter
	Poor


	Fair


	Good


	Excellent


	Points Earned

	Heading
	Does not include majority of heading information.
	Missing two or more components of a proper heading.
	Missing only one component of a proper heading.
	Includes all five components of a heading.
	

	
	1 point
	2 points
	3 points
	4 points
	

	Purpose/

Problem
	Does not address an issue related to the experiment.
	Addresses a memory issue, which is unrelated to the experiment.
	Addresses an issue somewhat related to the experiment.
	Addresses a real issue directly related to the experiment.
	

	
	1 point
	2 points
	3 points
	4 points
	

	Hypotheses
	Does not include a prediction of the experiment.
	Includes a prediction for the experiment (without support).
	Includes a prediction for the experiment with some support of the experiment.
	Includes a supported prediction for the experiment in proper format (if/then statement).
	

	
	1 point
	2 points
	4 points
	6 points
	

	Materials
	Includes few materials, not in list format.
	Includes a list of some of the materials.
	Includes a list of most of the materials.
	Includes a complete list of materials.
	

	
	1 point
	2 points
	3 points
	4 points
	

	Procedure
	Not sequential, most steps are missing or are confusing.
	Some of the steps are understandable; most are confusing and lack detail.
	Most of the steps are understandable; some lack detail or are confusing.
	Presents easy-to-follow steps, which are logical and adequately detailed.
	

	
	1 point
	2 points
	3 points
	4 points
	

	Results (Tables & Graphs)
	Data tables, graphs, and observations incomplete and are inaccurate.
	Data tables, graphs, and observations complete, many inaccuracies.
	Data tables, graphs, and observations complete, some inaccuracies.
	Data tables, graphs, and observations neatly completed and totally accurate.
	

	
	1 point
	4 points
	7 points
	10 points
	

	Conclusion (analysis & interpretation)
	Presents an illogical explanation for findings, does not summarize data accurately, and does not address hypothesis.
	Presents an illogical explanation for findings, some data summarized, and briefly addresses hypothesis.
	Presents a logical explanation of findings, some data summarized, and addresses hypothesis.
	Presents a logical explanation for findings, all data summarized correctly and hypothesis addressed.
	

	
	1 point
	4 points
	7 points
	10 points
	

	Grammar & Spelling
	Very frequent grammar and/or spelling errors.
	Some grammar and/or spelling errors.
	Few grammar and/or spelling errors.
	All grammar and spelling are correct.
	

	
	1 point
	2 points
	3 points
	4 points
	

	Other:


	
	
	
	
	

	
	
	
	
	Total
	


Name _________________________________________
Date _________________

Assessment – Tables & Graph Rubric

You will be taking the two pages of working memory data that you printed out and merging them into one table and one graph.  Below is the rubric that will help you construct your tables and graphs.  

	Parameter
	Poor


	Fair


	Good


	Excellent


	Points Earned

	Table heading/title
	Does not include heading information.
	Heading does not accurately describe table contents.
	Heading describes some of table contents.
	Heading accurately & clearly describes table contents.
	

	
	0 points
	1 point
	2 points
	3 points
	

	Table columns/rows & units
	Columns and rows are not labeled.  No units are included.
	Some of columns and rows are labeled.  Descriptions are vague.

Some units are included.
	Most of columns and rows are labeled.

Descriptions are clear.  Most units are included.
	All columns and rows are labeled.  Descriptions are concise and correct.

All units are included.
	

	
	0 points
	2 points
	4 points
	6 points
	

	Table organization
	Table is difficult (or impossible) to read.  Overall presentation is poor.
	Table is not easy to read.  Overall table presentation is sloppy. 
	Table data is presented clearly.  Some variables are included.
	Table is easy to read.  Independent and dependent variable are included in table(s).  Overall presentation is organized and precise.
	

	
	1 point
	2 points
	3 points
	4 points
	


	Parameter
	Poor


	Fair


	Good


	Excellent


	Points Earned

	Graph heading/title
	A title is not present
	A title is present at the top of the graph.  The title does not accurately describe the graph.
	The title is on topic but is not concise (includes dependent and independent variable) and is found at the top of the graph
	The title is concise and clearly relates to the problem being graphed (includes dependent and independent variable) and is found at the top of the graph
	

	
	0 points
	1 point
	2 points
	3 points
	

	Graph axes, units, spacing, & accuracy
	X & Y axes are not labeled or are incorrectly labeled.  No units are included.  Data points are jumbled and are not accurately placed.
	One axis is correctly labeled.

Some units are included.  Data points are well spaced but not accurately placed OR data points are not well spaced but are accurately placed.
	X and Y axes are labeled as the independent and dependent variables respectively.

Most units are included.  Key is provided if needed.  Data points are well spaced.  Most data points are accurately placed.
	X and Y axes are labeled as the independent and dependent variables respectively.  All units are included.  A key is provided as needed.  All points are plotted correctly and are well spaced.  Graph is easy to read.
	

	
	0 points
	3 points
	6 points
	9 points
	


Sequence Learning Lab – Background and Theory Worksheet ANSWER KEY
Directions:  Using the Background and Theory information presented to you by your teacher and your knowledge of science, answer the following questions.

A.  Matching – Match the terms in the left column with the appropriate definitions found in the right column.  Write the letter of the correct definition in the space provided.

	___d___1.  sequence learning
	a) a type of memory that can hold a limited capacity of items for a short period of time



	___e___2.  distracter
	b) the maximum number of items that a person can retain and recall at a given time



	___a___3.  working memory
	c) a type of memory that can hold items for a long period of time



	___c___4.  long-term memory
	d) the process of learning a group of items in a specific order



	___b___5.  span
	e) anything  that interferes with recall from working memory




Name: ANSWER KEY





Date: ____________

Sequence Learning Lab – Vocabulary ANSWER KEY
Directions:  Using the background information presented to you by your teacher and your knowledge of science, fill in the definitions for the following terms.

1.  memory – the ability to recall information from the past

2.  working memory - a type of memory that can hold a limited capacity of items for a short period of time
3.  long-term memory - a type of memory that can hold items for a long period of time

4.  distracter -      -anything that interferes with recall from working memory
5.  span  - the number of items that a person can retain and recall

6.  primacy - the effect of easily remembering the first few items in a sequence
7.  recency - the effect of easily remembering the last (most recent) few items in a sequence
8.  dependent variable - the variable that is measured

9.  prefrontal cortex (PFC) - the forward part of the frontal lobes of the brain that are involved in memory, cognitive behavior, and emotional behavior
10. independent variable - the variable that is changed or manipulated

Name: _______________________________________

Multiple Choice – Circle the letter that best answers the question.

Read the following passage and use the information to answer questions #1-3. 

Your mother asks you to go to the grocery store and buy milk, butter, sugar, bread, eggs, and Oreo cookies.  

1.  You get to the store and you can only remember the sugar, butter, and milk.  This is an example of     


B.  the primacy effect

2.  You get to the store and you can only remember the Oreo cookies and the eggs.  This is an example of


C.  the recency effect

3.  You get to the store and you remember all six items in the correct order.  This is an example of


A.  sequence learning

4.  Your friend gives you his phone number and there is a loud construction going on in the background. What is the noise called?


C.  a distracter

5.  Your friend whose locker is next to your locker gives you the combination to her locker and you are able to use it and open her locker immediately. You are able to remember the combination due to what type of memory.


B.  working  memory

Name: ANSWER KEY





Date: ____________


Sequence Learning Lab – 

ANSWER KEY 

· SECTION A: Questions on Classroom Presentation  

· Directions – Use complete sentences to answer the following questions.

1.  Why is memory important?  Give at least three reasons.

*Student answers may vary.
2.  Distinguish between long-term and working memory.

Long-term memory is a type of memory that can hold items for a long period of time while working memory is a type of memory that can hold a limited capacity of items for a short period of time.

3.  How does a distracter affect memory?

Adding a distracter  may have an affect and alter the parameters of the primacy and the recency because the brain associates items into common groups, which makes those items easier to recall.
· SECTION B: Questions on Experiment Overview
Directions – Use complete sentences to answer the following questions.
1.  Give an example of sequence learning.

An example of sequence learning is remembering a phone number.  *Student answers may vary.

2.  In your own words, describe what a scientific or mathematical model is.

A scientific or mathematical model is a representation that serves to explain a concept. *Student answers may vary.
SECTION C: Phase 1 – Span Determination Directions
Directions – During the software experiment, you were presented with a series of items (numbers, letters, or pictures) to remember. Answer the following questions using the information from the Span Determination - Directions screen.

1.  During Phase 1, your task is to recall

C.  both A and B

2.  What is meant by the term ‘span?’

A. the maximum number of items you can remember correctly

3.  Predict what your span is.  Use information from the Classroom Presentation to support your prediction. 

*Student answers may vary.

SECTION D:  Data Collection for Phase 1 – Span Determination

Directions – Use the information from the Span Determination Results screen to answer the following questions.

1.  After completing Phase 1, I determined that my span is *student answers will vary items.
2.  How are you able to determine your span using the line graph?

You can determine span by locating the second to last point on the graph, which represents the maximum number of items that you can recall at a given time.

3. Did The distracter affect your memory span?

Student’s answers may vary 
4. What trends or patterns are evident from your graph? 
  Student graphs should show that the distracter did interfere with their span and also may have affected their primacy and recency. ( See reference linkin the Teacher Materials
Directions – Answer the following questions using the information from the Challenge Recall - Directions screen.

1.  During Phase II A, your task is to recall

C. both A and B

2.  What is the challenge in this phase? 

   The challenge is to determine how many numbers can be recalled without a distracter

3.  Now that you have practiced this task, predict whether or not a distracter will affect your span.  Give a reason to support your prediction.  

The students should predict that a distracter will affect their recall.
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