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Introduction to STEM-CIP

STEM-CIP

Curriculum
Design
Template

5E

Teaching,
Learning, and
Assessing Cycle

Science, Technology, Engineering, Mathematics-Curmrulum Integration
Program (STEM-CIP) is an innovative approach to the design of culuicu
and instructional materials in which the discipsired science, technology,
engineering, and mathematics are taught as omerréian being distinct and
separate as in the past. The natural connectiona@the four disciplines,
which have always been there in the past in rebdabs and professional
work, have not traditionally been emphasized indbsign and *process of
present day educatiofhe (upper elementary, middle and high school)
modules of the STEM Curriculum Integration Prograave been designed to
engage students in stimulating, authentic, andetoporary problem-based
STEM scenarios involving the life, physical, envinoental, and earth/space
sciences, technology and engineering, and mathesn&trawing from the
best in STEM pedagogy, the STEM-CIP modules prostddents with the
opportunity to learn age appropriate conceptslssiahd processes and to
acquire STEM attitudes and “habits of mind.”

All modules within STEM-CIP have been designed ggirincipals of
Understanding by Design (Wiggins and McTighe, 1998)nder standing by
Design (UbD) is a well-known curriculum design process usegrite units
(modules of instruction) in a three-stage processHied Results, Assessment
Evidence, and the Learning Plan. Many state depantisof education,
colleges and universities, and school systems adgdhe use of
Understanding by Design as a contemporary planning process for teaching
and assessing state standards.

Many authors, among them Reeves (2003), Marzackefng, and McTighe
(1993), Lantz (2004), and Educators in ConnecticBbmperaug Regional
School District 15 (1996), have been proponeniseoformance-based
assessment in which students must demonstratetivyaknow and can do
through the completion of meaningful performanaksa All modules within
STEM-CIP present opportunities for students to gega performance-based
tasks and assessments, along with more traditformak of assessment, such
as selected response items.

A modified 5E teaching, learning, and assessinde¢yecorporated into all
STEM-CIP modules, is based upon research findibgsitehow students
learn science. These findings indicate that stisdeat'n best when they have
an opportunity to engage in explorations in a hasrdsiinds-on environment
in which they make and pose explanations for tthsicoveries. Engagement,
Exploration, Explanation, Elaboration, and Evaloatare the recursive
phases of the 5E teaching, learning, and assesgiteg)

Continued on next page
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Introduction to STEM-CIP, continued

Levels of
Inquiry

Mathematics
In STEM-CIP
Modules

The National Science Education Standatids,National Council of Teachers
of Mathematics Standards, the National Educatiarhmelogy Standards for
Students, and the Standards for Technologicaldgieused in STEM-CIP
modules call for teaching, implementing, and assgsgudent understanding
of inquiry throughout the curriculum. As a restiitr scaffolded levels of
inquiry are included in most modules, starting with most structured form -
confirmatory inquiry, moving on to structured ingyithen to guided inquiry,
and finally to open inquiry. As students learn $kéls and processes, and the
content of inquiry, they are challenged by actegtthat become increasingly
more open. The PowerPoint Teacher’'s Guide inclaadgésh more information
about these four levels of inquiry and their impéaration.

One of the goals of STEM-CIP is to develop mathé&abpower forall
students through an integration of science, tedgylengineering and
mathematics. Exemplary STEM curriculum modules &hmclude
performance tasks that engage students and deegennderstandings of
mathematics and its applications, and at the sameeggromote the
investigation and growth of mathematical ideas.ef guestion that is
addressed in all STEM-CIP modules is “What enahtiragjhematical
knowledge (facts, concepts and principles) andssiprocedures) will students
need to perform effectively and achieve desiredlte¢Stage One of UbD).”

Mathematics data on student performance from STHEM#@odules provide
mathematics teachers and curriculum designers amsgguence mathematics
standards and indicators and to plan instructistrategies. The disaggregated
mathematics data from STEM-CIP provide answerkéasequence of
mathematical units and also generate questiong abgehool district’s math
curriculum.

Questions that a district may need to address are:

* How do we sequence our mathematics curriculum secaur
mathematics text was not written in the same order?

* What are the strengths and weaknesses of our matiesretudents?

» Although prior knowledge and skills were taughtnsostudents have not
demonstrated proficiency. Why?

* What type of remediation models was used?

* What type of enrichment model was used?

* What types of professional development needs vaenetified?

* How does STEM-CIP mathematics data compare witiictis
milestone/benchmark data?

* What other resources are needed to “enable” odesta?

Continued on next page




Introduction to Introduction to STEM-CIP, Continued

Assessment of
Student Work

Teacher's
Guide (TG)

Student
Curriculum
Module (SCM)

Student Data
and Response

Formative and summative performance-based assetshame been
thoughtfully sequenced and scaffolded to provid@laropportunities for
students, teachers, parents, and others to assdestsprogress. An end of
module summative assessment contains selectedastiucted response
items.

Extensive rubrics are provided for open-ended,quarance-based questions
and other performances that cannot be scored tgingal right or wrong
multiple choice items. In addition, most activitigghin STEM-CIP contain
an end-of-activity evaluation called “Check Yourdémstanding” which
consists of selected response items that lend #ieessto the use of Student
Response Systems for ease of scoring and immddedback on student
understanding. Each activity within the moduleadgsompanied by scoring
tools, including a variety of field-tested and Maial Science Teachers
Association (NSTA) endorsed performance list, higjsand analytical
rubrics.

The Teacher’s Guide (TG) provides much detail alhoptementing the
module. A matrix of standards, consisting of theidfal Science Education
Standards, the National Council of Teachers of lglat#itics Standards, the
National Education Technology Standards for Stugjeartd the Standards for
Technological Literacy, along with assessment ewsddor each standard is
provided for the teacher. Enduring understandiagsential questions, an
overview of the learning plan, and implementatiantshfor the module are
provided as well. Each activity contains additiomébrmation about the phases
of the 5E cycle, the level of inquiry, and whatliskand processes the students
will use during that activity.

There are three components for students. Thedfitstese is known as the
Student Curriculum Module (SCM) which is non-consinhe. TheSCM, an
electronic and reproducible component, serveseaptiimary text material for
the student. As a result, the reading and compsitiehevels of the SCM are
carefully controlled. Using the SCM, the studenigage in STEM problem-
based tasks, acting as scientists, engineers, atttematicians in designing,
conducting, and communicating results of their aese

The second of the three student components isttltee® Data and Response
Booklet (SDRB). The SDRB is a consumable compapiene that parallels

Booklet (SDRB) the SCM and provides a permanent record of studerk.

Continued on next page




Introduction to Introduction to STEM-CIP, Continued

End-of-Module  The third student component is a summative assegsorehe entire module.

Test Answers to the test and scoring rubrics are inaudehe TG.
Electronic The TG, SCM, SDRB, and Module Assessment are dtaila two formats—
Formats PDF and Microsoft Word. The PDF files are smalled aasier to open and

print. PDF requires Acrobat Reader. Changes t&Die files cannot be made
without Adobe Acrobat software; however, changesleamade in the Word
documents. The SDRB and Module Assessment wergedreaMicrosoft
Word and are easily edited.

The TG and SCM were created in Microsoft Word usingpMap” software.
Information Mapping is a trademarked method toevaihd structure
information. This allows finding and following infmation much easier. More
information about Information Mapping can be fowomdine at
www.infomap.com

Interactive Each activity within the SCM is accompanied by avBid?oint presentation
Classroom for the teacher which allows for the use of intéxes; digital presentation
Component technologies. This component provides both thes®and expert teacher

with consistent high quality implementation stragésgvhich lend themselves
well to contemporary interactive technologies (esgtextbooks, Internet use,
digital libraries, student response systems, wbdetdls, tablets, and document
cameras). These interactive strategies are expheritten into most

activities of every module.

Teacher- Every effort has been made to design the STEM GiBules to be as teacher-

Friendly friendly as possible, whether the teacher is ageowr an expert in teaching
STEM. The novice teacher can pick up the moduleteach it exactly as it
was designed and in the process still provide h figlity instructional
program. The expert teacher who knows about additiesources, materials,
and instructional techniques can incorporate th@mthe module, as
everything is provided in a digital format and &s#y modified for both
present and future use.

Field-Tested Significant portions of the modules within STEM-QiBve been field-tested and
reviewed by classroom teachers within the metrégooNvashington, DC and
Baltimore areas, with their feedback being useahade final revisions.




Overview of Chip Off the Old Block — Stage One of U bD
(Desired Results)

Desired
Results

National Science Education Standards Grades 5-8, RC, 1996)

Standard A: As a result of activities in grades, &Bstudents should develop
abilities necessary to do scientific inquiry andierstandings about scientific
inquiry.

Standard C: As a result of activities in grades &H8students should develop an
understanding of structure and function in liviygtems, reproduction and heredity,
regulation and behavior, populations and ecosystangsdiversity and adaptations
of organisms.

Standard E: As a result of activities in grades &H8students should develop
abilities of technological design and understanslialgout science and technology.

Standard F. As a result of activities in grades &H8students should develop an
understanding of personal health; populations,uess, and environments; natural
hazards; risks and benefits: and science and témiynm society.

Standard G. As a result of activities in grades 8H3students should develop an
understanding of science as a human endeavoregnaitscience, and history of
science.

National Council of Teachers of Mathematics Standats, Grades 5-8, (NCTM,
1989)

Standard 8: Patterns and Functions — In grade8, 3he mathematics curriculum
should include explorations of patterns and fumsiso that students can:
» Describe, extend, analyze and create a wide varigtgtterns;

Standard 9: Algebra Standard — In grades 5 — 8niéitbematics curriculum should
include exploration of algebraic concepts and mses so that students can:
* Analyze tables and graphs to identify propertied r@tationships.

Standard 10: Statistics — In grades 5 — 8, the enaditics curriculum should include
exploration of statistics in real-world situatiosts that students can:

» Systematically collect, organize and describe data.

» Construct, read and interpret tables, charts aaphg:

* Make inferences and convincing arguments that asedon data analysis.

Continued on next page




Overview of Chip Off the Old Block — Stage One of U  bD
(Desired Results), continued

Desire
Results
(continued)

National Council of Teachers of Mathematics Standais, Grades 5-8,
(NCTM, 1989) (continued)

Standard 11: Probability — In grades 5 — 8, thenemagtics curriculum should
include explorations of probability in real-worldusations so that students can:
* Model situations by devising and carrying out expents or
simulations to determine probabilities.
* Model situations by constructing a sample spaaketermine
probabilities.
* Make predications that are based on experimenthlearetical
probabilities.

National Education Technology Standards for Studers—ISTE, 1998,
2007

Creativity and Innovation StandardStudents demonstrate creative thinking,
construct knowledge, and develop innovative proaglaod processes using
technology. Students:

(a) Apply existing knowledge to generate new igd@asducts, or processes.

(b) Use models and simulations to explore compiestems and issues.

(c) Use models and simulations to explore compiestem and issues.

Research and Information Fluency Standaftudents apply digital tools to

gather, evaluate, and use information. Students:
(a) Plan strategies to guide inquiry.
(b) Locate, organize, analyze, evaluate, syntkesiad ethically use
information from a variety of sources anddme
(d) Process data and report data.

Critical Thinking, Problem-Solving, and Decision-Mag Standard- Students

use critical thinking skills to plan and conductearch, manage projects, solve
problems and make informed decisions using appatgdigital tools and
resources. Students:
(b) Plan and manage activities to develop a soiutr complete a project.
(c) Collect and analyze data to identify solutiansl/or make informed
decisions.

Continued on next page




Overview of Chip Off the Old Block — Stage One of U  bD
(Desired Results), continued

Desired Standards for Technological Literacy, Grades 6-8 TEA, 2007)
Results
(continued) The Characteristics and Scope of Technology

E. New products and systems can be developedie pobblems or to help
do things that could not be done without thip loé technology.

Relationships Among Technologies and the ConnestR®iween Technology and
Other Fields

B. Technical systems often interact with one anothe

The Effects of Technology on the Environment
D. The use of technology affects humans in varigags, including their
safety, comfort, choices, and attitudes abechnology’s development
and use.
E. The development and use of technology posesatiBsues.

Medical Technologies
G. Advances and innovations in medical technologresused to improve
health care.
J. Genetic engineering involves modifying the dtices of DNA to produce
novel genetic make-ups.

Agricultural and Related Technologies

H. Biotechnology applies the principles of biolagycreate commercial
products or processes.

Continued on next page




Overview of Chip Off the Old Block — Stage One of U  bD
(Desired Results), continued

Enduring
Understandings

Essential
Questions

Students will
know...

Students will be
able to...

Students will understand that:

Science, Technology, Engineering, and Mathematm&\wn concert to
answer contemporary questions and solve problems.

Inquiry in STEM (Science, Technology, Engineeriagd Mathematics) is
based upon well-designed investigations.

The two disciplines known as science and engingdrave similarities,
differences, and relationships.

The Human Genome Project (HGP) is having and wititiue to have
significant impact on human health and geneticassu

The DNA within our chromosomes determines thoséstthat are inherited
from our parents.

Advances and innovations in biotechnology will ¢goué to contribute to
the improvement of human health.

What is the acronym STEM and why is it importantaday’s world?
What is a well-designed STEM investigation?

What properties distinguish science from enginggrin

What impact will the Human Genome project (HGP)éham human
health and genetic issues?

What role does DNA play in our inherited traits?

What role will advances and innovations in bioteabgy play in the
future for human health issues?

What are some inherited traits in human beings.

How pedigree charts are used to trace inheritéis ties well as dominant and
recessive alleles.

The role that Gregor Mendel played in modern dayeges.

The role that the cell cycle, mitosis, and meiq@&y in the regulation,
maintenance, and reproduction of living organisms.

The benefits, as well as the social and ethicakissof the Human Genome
Project.

How the biological mechanisms of heredity and geaatetermine both
genotype and phenotype of an organism.

Use probabilities to compare two values.

Design data tables and charts.

Collect, graph, and analyze data.

Draw conclusions from data by using evidence tgeugfindings.

Use Punnett Squares to determine probabilitiesdfqular genotypes and
phenotypes.




Overview of Chip Off the Old Block - Stage Twoof U  bD
(Assessment Evidence)

Module Summary written in (GRASPS) form - Goal, Role, Audience,_$tuation,
Performance Product and/or Performance, and_Sandards for Success
Task

The activities in the module that follows have béesigned to help you answer
guestions about the inheritance of your own traitsu will act as a geneticist and
learn and explain how traits are inherited fromryparents, what the odds are that a
particular trait will be passed on to the next gatien, and what will be the visible
outcome of a trait controlled by a single pair ehgs. At the end of the module you
will be asked to apply what you have learned tcetjeally “engineer” a hypothetical
human “baby.” Your results (baby) will be evaluate$ed upon the accuracy and
clarity of your drawings and the correct use oéstific terminology.

Key Students:

Criteria * Demonstrate an understanding of basic heredityganétics concepts such as
genes, chromosomes, alleles, dominant genes, neegenes, pedigree, cell
cycle, mitosis, meiosis, diploid, haploid, and Pemi$quares.

» Conduct structured and guided inquiry explorationsnherited traits,
pedigrees, genotypes and phenotypes, cell cyctesisi meiosis, and
independent assortment of alleles.

* Write to inform using appropriate STEM language.

* Demonstrate an understanding of STEM and how thedsciplines work
together to solve contemporary problems and questio

Other Students:
Evidence « Construct scientific drawings of investigations.
» Construct data tables for investigations.
» Calculate probabilities.
* Work within cooperative groups.
» Perform satisfactorily on the end-of-activity anddunle formative and
summative assessment (e.g., facts, concepts, atidajons of heredity and
genetics).




An Overview of Chip Off the Old Block - Stage Three

(Learning Plan)

of UbD

Backward Ma

ping from National Standards

National Content Standard Descriptors
Standard Content Standard (Benchmarks) Learning Plan
Category
Design and conduct a scientifi¢ In Activity 1, student must
Abilities to do | investigation. design an exploration in which
scientific they randomly survey students
National Standard A: inquiry Develop descriptions, three grades for the
Science | As aresult of explanations, predictions, and | presence/absence of inherited
Education | their activities models using evidence. traits (phenotypes). They must
Standards | in grades 5-8 design a data organization table
(1996) students Communicate scientific procedures for conducting the
should procedures and explanations. | exploration, gather and organiz
develop the data, and explain the results.
Science as Use mathematics in all aspects
Inquiry of scientific inquiry. To study heredity and genetics,

Understandings
about scientific

inquiry

Think critically and logically to
make the relationships betwee
evidence and explanations.

Current scientific knowledge
and understanding guide
scientific investigations.

Mathematics is important in all
aspects of scientific inquiry.

Technology is used to gather
data enhances accuracy and
allows scientists to analyze an
quantify results of
investigations.

d

students must use models to
represent cellular structures an

nprocesses, particularly concepts

of cell cycle, mitosis, meiosis,
and gene segregation and
recombination.

Mathematics is used as a tool in

many activities within the
module, particularly with data
gathering, organization, and
display, and the use of
probabilities.

Throughout the module, studen
must communicate findings and
draw conclusions using evideng
from their explorations.

1%
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An Overview of Chip Off the Old Block - Stage Three

(Learning Plan)

of UbD

Backward Mapping from National Standards

National Content Standard Descriptors
Standard Content Standard (Benchmarks) Learning Plan
Category
Living systems at all levels of
Structure and | organization demonstrate the The focus of all
function in complimentary nature of structure | activities beginning
National Standard C: living systems | and function. with the Engagement
Science As a result of through Activity
Education their activities in All Organisms are Composed of cel 511W|th|n the module
Standards grades 5-8 — the fundamental unit of life. Mogt “Chip Off the Old
(1996) students should Organisms are Sing'e Ce”s; other Block” are designed to
deVelOp an OrganismS, inc|uding humansy are address the life science
understanding multi-cellular. standards listed here.
of: Inherited traits,
Life Science pedigrees, the history o

Cells carry on the many functions
needed to sustain life. They grow
and divide, thereby producing mor¢
cells.

Specialized cells perform
specialized functions in multi-
cellular organisms.

genetics as developed
| by Gregor Mendel,

[ structure of
chromosomes, cell
cycle, mitosis, meiosis,
gene segregation and
recombination, and
modern technologies of

Reproduction
and heredity

Reproduction is a characteristic of
all living systems; because no
individual organism lives forever,
reproduction is essential to the
continuation of every species. Som
organisms reproduce asexually.
Other organisms reproduce sexual

In many species, including humang
females produce eggs and males
produce sperm. Plants also produg
sexually — the egg and sperm are
produced in the flowers of flowerin
plants. An egg and sperm unite to
begin development of a new
individual. That new individual
receives genetic information from i
mother (via the egg) and its father
(via the sperm). Sexually produced
offspring never are identical to
either of their parents.

(continued on next page)

genetics are part o this
module.

Y.
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An Overview of Chip Off the Old Block - Stage Three  of UbD
(Learning Plan)

Backward Mapping from National Standards

National Content Standard Descriptors
Standard Content Standard (Benchmarks) Learning Plan
Category
Every organism requires a set of
Standard C: Reproduction | instructions for specifying its traits.| Refer to previous page
As a result of and heredity | Heredity is the passage of these
National their activities in (continued) | instructions from one generation to
Science grades 5-8 another.
Education | students should
Standards develop an Hereditary information is contained
(1996) understanding in genes, located in the
of: chromosomes of each cell. Each
) . gene carries a single unit of
Life Science information. An inherited trait of an

individual can be determined by ore
or by many genes, and a single gene
can influence more than one trait. A
human cell contains many thousands
of different genes.

The characteristics of an organism
can be described in terms of a
combination of traits. Some traits
are inherited and others result fron
interactions with the environment.

All organisms must be able to obtajn
Regulation and and use resources, grow, reproduge,

behavior and maintain stable internal
conditions while living in a
constantly changing external
environment.

12




An Overview of Chip Off the Old Block - Stage Three

(Learning Plan)

of UbD

Backward Mapping from National Standards

National Content Standard Descriptors
Standard Content Standard (Benchmarks) Learning Plan
Category
A system is an organizational
Systems, order| group of related objects or The themes of systems and
and components that form a whole. interactions and patterns
National As a result of organization Systems can consist, for and cycles, and form and
Science activities in example, of organisms, function are integral and
Education | grades K-12 all machines, fundamental guiding components of
Standards | students should particles, galaxies, ideas, Chip Off the Old Block.
(1996) develop numbers, transportation, and
understanding education.
and abilities ...Models are tentative schemes
Unifying aligned with the Evidence, or structures that correspond to
Concepts following models, and | real objects, events, or classes |of
and concepts and explanation | events, and that have
Processes processes: explanatory power.
Constancy, | ...Changes in systems can be
change, and | quantified...
measurement
Form and function are
Form and complementary aspects of
function objects, organisms, and systems
in the natural and designed
world.
Identify appropriate problems
National Abilities of for technological design.
Science Standard E: technological
Education As a result of design Design a solution or product. | In Activities 4, 9, 10, and
Standards | their activities in 11, students study concepts
(1996) grades 5-8 Scientific inquiry and of bioengineering, genetic
students should| understandingg technological design have engineering, and
develop about science| similarities and differences. manipulation of DNA. In
Science and and technology :‘A\Ctl\l_lty 9, students must
Technology Science and technology are engineer a hypothetical

reciprocal.

Technological solutions have
intended benefits and unintend
consequences.

bd

human baby” through
simulating recombination
of alleles with fertilization.

13




An Overview of Chip Off the Old Block - Stage Three

(Learning Plan)

of UbD

Backward Mapping from National Standards

National Content Standard Descripto
Standard Content Standard (Benchmarks) Learning Plan
Category
Technology influences
Standard F: Science and | society through its producty Activities 4, 10, and 11 are
National As aresult of | technologyin | and processes. focused on these concepts.
Science | their activities in society
Education grades 5-8 Science and technology
Standards | students should have advanced through
(1996) develop an contributions of many
understanding of different people, in different
cultures, at different times in
Science in history.
Personal and
Social
Perspectives
National Standard G: Nature of Scientists formulate and testThroughout the module,
Science As a result of science their explanations of nature| students act as scientists,
Education | their activities in using observation, technologists, engineers, and
Standards grades 5-8 experiments, and theoreticalmathematicians (STEM)
(1996) students should and mathematical models. | conducting explorations and
develop an proposing explanations for
History and | understanding of It is part of scientific inquiry| their data. All activities are
Nature of to evaluate the results of | designed to address these
Science scientific investigations, issues.
experiments, observations,
theoretical models, and the
explanations proposed by
other scientists.
History of Tracing the history of The work of Gregor Mendel,
science science can show how the Austrian Monk, is

difficult it was for scientific
innovators to break through
the accepted ideas of their
time to reach the
conclusions that we
currently take for granted.

highlighted within Activity 3.
Emphasis is placed on how
long it was before geneticists
recognized the magnitude of
his findings.
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An Overview of Chip Off the Old Block - Stage Three

(Learning Plan)

of UbD

Backward Mapping from National Standards

National
Standard Content Standard Learning Plan
Category
Standard 8: Describe, extend, | Identify, describe, | In Activity 2, students draw
Patterns and analyze, and extend and create | conclusions given pedigrees
Functions—In grades b create a wide patterns, functions, | In Activity 8, students explore
— 8, the mathematics| variety of and sequences. Punnett Squares and use thg
National curriculum should | patterns. for discovering patterns in
Council of | include explorations of allele segregation and
Teachers of| patterns and functiong recombinations.
Mathematics| so that students can
Standards -
(NCTM,
1989) Standard 9: Algebra | Analyze tables Describe a real- In Activities 1 2, 3, and 6

Standard — In grades §
8, the mathematics
curriculum should

include exploration of

algebraic concepts an
processes so that
students can:

5- and graphs to
identify
properties and
relationships.
d

world situation

represented by an
algebraic expressior
or graph.

students draw conclusions
based upon graphs.

Standard 10: Statistics
— In grades 5-8, the
mathematics
curriculum should
include exploration of
statistics in real-world
situations so that
students can:

5 Systematically
collect, organize
and describe data

Collect and display
data to make tables
and graphs.

In Activity 1, students
randomly collect data from
three different grade levels
using an individual/class
inventory/survey about
inherited traits. In Activity 2,
students use pedigree charts

to display data about inherited

traits over several
generations.

Construct, read
and interpret
tables, charts and
graphs.

Organize and
display data in a
frequency table.

In Activity 1, students display

data in frequency tables using

tally marks and computing
percent.

Make inferences
and convincing
arguments that ar
based on data
analysis.

Analyze data from a
frequency table and
2 make comparisons.

In Activity 1, students

analyze data in frequency
tables and explain inferenceg
based on data.

In Activity 1, students
compare data and make
arguments .

15
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An Overview of Chip Off the Old Block - Stage Three

(Learning Plan)

of UbD

Backward Mapping from National Standards

National
Standard Content Standard Content Standard Descriptor: Learning Plan
Category (Benchmarks)
Standard 11: Model situations Determine the In Activities 2, 3, and 8
National Probability — In by devising and probability given students determine
Council of grades 5-8, the carrying out experimental modelg probability given
Teachers of mathematics experiments or or data. pedigrees/models.
Mathematics| curriculum should | simulations to
Standards -| include the study of | determine
(NCTM, the geometry of one,| probabilities.
1989) two and three

dimensions in a
variety of situations sq
that students can:

Model situations
by constructing a
sample space to
determine
probabilities.

Create sample spact
and determine the
outcomes.

24n Activities 7 and 8 student
create sample spaces to
determine probability.

)

Make predictions
that are based on
experimental or
theoretical
probabilities.

Make predictions
and express the
probability of the
results as a fraction,
decimal or percent.

In Activity 8, students
determine if the next child
will be a boy or girl given a
family of three boys.
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An Overview of Chip Off the Old Block - Stage Three

(Learning Plan)

of UbD

Backward Mapping from National Standards

National
Standard Content Standard Benchmark Learning Plan
Category
Creativity and Innovation | a) Apply existing knowledge to Throughout the module “Chip
Standard — Students generate new ideas, products, orOff the Old Block”, students
demonstrate creative processes. use digital resources (primaril
National thinking, construct ¢) Use models and simulations to | the web) to research inherited
Education knowledge, and develop explore complex systems and | traits, cell cycle, mitosis,
Technology innovative products and issues. meiosis, the Human Genome
Standards for| processes using technology. Project, DNA fingerprinting,
Students— Research and Information| a) Plan strategies to guide inquiry| and recombinant DNA.
ISTE, 1998, | Fluency Standard — Students p) |ocate, organize, analyze, Multiple opportunities are
2007 apply digital tools to gather, evaluate, synthesize, and provided to gather evidence o
evaluate, and use informatiop. ethically use information from a| Student understanding of datg
variety of sources and media. | collection, organization, and
d) Process data and report data. | analyses. In Activity 9,
— — — students must bioengineer a
Critical Thinking, Problem- | b) Plan and manage activities to

Solving, and Decision-
Making Standard — Student

12

develop a solution or complete 3

project.

hypothetical human baby usin
! coin tosses to simulate
recombination of alleles.

use critical thinking skills to
plan and conduct research
manage projects, solve
problems and make informe
decisions using appropriate
digital tools and resources.

Collect and analyze data to
identify solutions and/or make
informed decisions.

Standards for
Technological
Literacy,
Grades 6-8
(ITEA, 2007)

Characteristics and Scope @
Technology

. New products and systems can f
developed to solve problems or t
help do things that could not be

done without the help of
technology.

€lhe Human Genome Project

ostudied in Activity 4 and
recombinant DNA in Activity
11, with students exploring
many societal and ethical
issues.

Relationships Among
Technologies and Other
Fields

. Technical systems often interact

with one another.

Effects of Technology on the
Environment

. The use of technology affects
humans in various ways, includir
their safety, comfort, choices, an

attitudes about technology’s
development and use.

. The development and use of
technology poses ethical issues.

n
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An Overview of Chip Off the OId Block - Stage Three  of UbD
(Learning Plan)

Backward Mapping from National Standards

National
Standard
Category

Content Standard

Benchmark Learning Plan

Standards for
Technological

Literacy,
Grades 6 — 8
(ITEA, 2007)

Medical Technologies

G. Advances and innovations in medicalThe Human Genome Projec
technologies are used to improve | is studied in Activity 4 and
health care. recombinant DNA in Activity

11, with students exploring

many societal and ethical
J. Genetic engineering involves issues.
modifying the structure of DNA to
produce novel genetic make-ups.

Agricultural and Related
Technologies

-

H. Biotechnology applies the principles ¢
biology to create commercial product]
Or processes.

(2]
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General Implementation Hints for Teachers

Learning The acronymWHERETO summarizes the key elements that should be

Activities found in the learning plan, given the desired rissahd assessments in

(WHERETO)  Stages One and Two. Note that the elements neeappear in the same
order as the letters of the acronym. Think\GAERETO as a checklist for
building and evaluating the final learning plant asuggested sequence.
For example, the learning might start with the H@dk followed by
instruction on the final performance requiremekt§, (then perhaps some
rethinking of earlier work (R).

WHERETO Elements
W WHERE is this module going and/HY ?
WHAT is expected?

H How will we HOOK andHOLD student interest?

E How will we EQUIP students t&XPLORE and
EXPERIENCE the expected performances?

R How will we help students tRETHINK , REHEARSE,
REVISE, andREFINE?

E How will students selEVALUATE andREFLECT on their
learning?
(E-2) ’

T How will we TAILOR learning to different needs, interests,
and learning styles?

O How will we ORGANIZE and sequence learning?

WHERETO elements are delineated in each activity.

Continued on next page
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General Implementation Hints for Teachers  Continued

Teachingand  What is the philosophical, theoretical, and classrgproven foundation for

Assessing the UbD designed STEM module? How do | use itéaiching and assessing
Student student progress?
Progress

This module has been designed using concepts thaater standing by
Design (Wiggins and McTighe, 1998) and particularly thelbsard
mapping and WHERETO (description of WHERETO appearpage
18) techniques advocated by the authors.

This module has been back-mapped from the Nati®oi@nce
Education Standards (NRC, 1996), National Courfclleachers of
Mathematics Standards (NCTM, 1989), National Teb&igywpStandards
(ISTE, 2007), and the Standards for Technologidaracy, (ITEA,
2007).

This module has been designed usimgaglified 5E (Engage Explore,
Explain, Elaborate, andvaluate) teaching, learning, and assessing
cycle (Trowbridge, Bybee, and Powell, 2000). Thet&kching,
learning, and assessing cycle within this moduleislinear in design
but is recursive. There will be many Explorationsigled with specific
Explanations, with fewer Elaborations; thereforet @very E will
necessarily be in every lesson. However, everyleshould contain an
Engagement and an Evaluation, with other E’s “sacided” between.

A typical one-day lesson follows ai&figage — Other E’'s — Evaluate”
formatusing the activities and assessment/evaluatios tehin the
module. For closure to each day’s lesson, assessudie) student
achievement either through self assessment, psessament, or teacher
assessment. It is not necessary that the classemmher formally
assesses and scores each activity.

Problem-based learning is used to Engage the stud#éns module and
is then revisited in the Module Elaboration.

Two types of Engagement activities are advocatedinvthis module —
a module Engagement (tells the student where tldutaas headed and
what is expected of them) and a Daily Lesson Engage (relates each
lesson to the Module Engagement).

The module Engagement is developed using GRAS®SI(Role,
Audience Setting, ProductPerformance, an@tandards for evaluating
student work).

20
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General Implementation Hints for Teachers Continued , Continued

Teaching and

Each module contains many lessons (many Explosaod

Assessing Explanations) and will vary in length, depending@nstudent progress
gt“de”t and their understanding of science concepts anelaj@went of skills and
rogress

(continued) processes.

* Begin each lesson within the module with a Lessogagement which
would include: review of the work of the previoesson as it relates to
the module engagement, statement of the objeativiné lesson (which
includes the assessment of the lesson), pre-assesefrstudent
understanding, and any pre-teaching and modelinghadtudents might
need to be successful on the lesson to follow. Sess®ns will need
more teacher-direction than others.

* Both formative and summative assessments are egrattpart of this
module The focus is on collecting evidence, inahgdartifacts and
products (Carlson, Humphrey, and Reinhardt, 2003)umlent
understanding throughout the module so #ssessment can be used to
guide instruction.

» Examine the performance vocabulary to identifytdrens students will
need to know in order to complete the tasks (degscribe, explain,
illustrate, analyze, compare, predict, persuatiexch students how to
respond appropriately to these prompts.

* Teach students to determine the number of sepstejte required to
complete activities and how to keep track of edep as they work
through the activity. Use the CUCC strategy as ¢oeseading and
following directions:

Circle Underline Count Check

O (1, 2, 3, etc.) \

Circle the key direction words.

Underline the information that goes with direction word.

Count (1, 2, 3 etc.) by numbering each direction wordrider to
show the number of stdya heed to be completed.

Checkand complete each step that has been numbered.

A master copy of CUCC is included in the TG thatyrba copied for student use.

» Share with the students prior to, during, and dfteractivity any non-task
specific assessment/evaluation tools (rubrics dedldists) to identify
the characteristics of excellent responses. “Ramtarget.”

Continued on next page
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General Implementation Hints for Teachers Continued , Continued

Teaching and
Assessing
Student
Progress
(continued)

22

Use textbooks, audiovisuals, and other expositatenals primarily during
and after the Explanation phase of each activitynast without exception,
use these materials only after the Exploration @has

Use the modules to illustrate the characteristiggedformance assessment
tasks (e.g., call for thoughtful applications obkriedge in "authentic”
contexts and use established criteria to evaluatkest products and
performances).

Use these modules as models for planning and dewglmew UbD modules.

Use lower grade-level (easier) modules with stuslemfamiliarize them with
the requirements of performance-based instructmmhassessment. Using
lower level modules minimizes the content diffigudind allows students to
focus on the process.

Allow students to use the criteria to select exanglanchors") of student
responses that meet and do not meet the criteria.

Teach students how to use the assessment/evalt@igrio evaluate and
revise their own work. Have them work in groupgitee each other feedback
(peer response) based upon the identified criteria.

Periodically, impose a reasonable time limit fag tudent to respond to task
activities. This will give students some prepanatior the time constraints of
state-mandated summative testing/assessment.




Student Readiness for Success

Module
Description

Common
Student
Preconceptions

This module is ideally taught after a module on s&licture and function, so that
students are familiar with the concepts of celbtlgenucleus, chromosomes, genes,
DNA, cell membrane, and cytoplasm. Students conelxglorations that are at
different levels of inquiry, ranging from confirnay to open inquiry. The module
focuses on STEM knowledge and processes and ongtiscience, technology,
engineering, and mathematics. Students investigatthemes of “form and
function,” and “systems and interactions” and leaoout STEM concepts of
heredity, genetics, and cell division, includingj cgcle, mitosis, and meiosis.
Punnett Squares are used to solve monohybrid eesskpredict genotypes and
phenotypes. Finally, they will use the knowledgeythave gained to genetically
engineer a hypothetical human baby.

Students do not understand the relationship betwd&h, genes, and
chromosomes.

Students can apply chance and probability to asdigenetics problems, but
not to human situations in families.

Students do not understand both parents contrgmries for each
characteristic. They believe that one parent couateis genes for some
characteristics, while the other features come filoenother parent.
Daughters inherit most of their characteristicsrfrimeir mothers. Boys
inherit most of their characteristics from theithers.

Variation between species is a result of adaptab@nvironment instead of
inheritance.

Sexual reproduction occurs in animals but not ants.

There is no difference between sexual and asegpabduction.

Asexual reproduction produces weak offspring. Skese@oduction
produces superior offspring.

Transmitted characteristics are acquired durinditbéime of the animal.
Individuals can adapt to a changing environmenésEhadaptations are
heritable.

Genes and chromosomes are the same.

All hereditary traits are passed through the blood.

All mutations are harmful.

Dominant traits are those that will take over imogulation.

All traits are determined by a single gene.

Since humans are more complex, they have more dsomes.
Dominant alleles are generally the most frequentiyurring alleles in a
population.

Dominant alleles are the most desirable ones.

Science is not something that is done by ordinanpje.

Continued on next page

23




Student Readiness for Success, Continued

Prior
Knowledge
and

Skills

Mathematics
Readiness

Cooperative
Learning
Groups

24

Students need to have a general understandingE¥ISEcience, Technology,
Engineering, and Mathematics), cell structure amattion to include cell membrane,
nucleus, nuclear membrane, cytoplasm, chromosamesgenes, as well as the
scientific and engineering process and what canssta well-designed investigation.
It may be worthwhile to review theords nuclear membrane, cytoplasm,

chromosomes, and genes before or during the module as a differentiation
instructional strategy.

Students will need to be able to calculate pergastand probabilities. In addition,
students will design data tables and compare iddalicooperative group data to
whole class data.

STEM-CIP modules provide students with many opputies to use and apply
mathematics within the context of STEM. As a restutdents must possess the
necessary and enabling mathematics knowledge alislrséeded to perform
effectively and achieve desired results. Consedyeart assessment of
mathematics knowledge and skills needed will bé plaevery STEM-CIP
module. Teachers should administer the mathemaiteeassessment to check
for student understanding. Students will need mkthe mathematical
concepts within the pre-assessment for successfapletion of the activities
within the module.

At the end of most activities in a STEM-CIP modigl@a section called “Check
Your Understanding”, which consists of selecteghoase items that lend
themselves to the use of Student Response Systereade of scoring and
immediate feedback on student understanding. Madtiesnassessment items
will appear in this section as well.

Arrange the room in groups of two to four of stuidessign roles to each
student, as follows:

* Principal Investigator (PI)

* Materials Manager (MM)

* Recorder/Reporter (R&R)

* If you have students work in pairs, then assigntortee the PI, the
other to be the MM, and both to be the R&R.

An assessment tool for “Cooperative Learning” duded on page 96 of this
guide and in the SDRB. Use it if you wish for stot$eto assess how
effectively and cooperatively they work together.




STEM Background Information for Teachers

Intent of
Module

Websites

This module deals with the basic concepts for ustdading heredity and genetics.
Students will become familiar with the basic lavwsrmdern day genetics, which
were first published by the Austrian monk Gregomidel. From the basic laws of
heredity and genetics to the Human Genome Prgtatents will learn that the
science and related engineering of biology and tienare very dynamic and
continue to evolve quickly. This module servesmasmé&oduction to the world of
bioengineering.

Students will learn to write detailed lab reporsgng many of the concepts listed in
the sections that follow. A rubric for Lab Repadsncluded in the Student Data and
Response Booklet (SDRB).

The websites listed below are appropriate for lo¢hteacher as well as the
students. These websites should always be revibwéte classroom teacher
prior to their use with students.

http://www.ornl.gov/hgmis/posters/chromosoran excellent, interactive web
site on human genetic disorders, including workftbhe Human Genome
Project.

http://www.cellsalive.com/cells/3dcell.htaCells Alive is an outstanding
website containing simulations on cell biology,| @stle, mitosis, meiosis, and
other related topics.

http://www.dnaftb.org/dnaftb/ an animated primer on the basics of DNA,
genes, and heredity.

http://serendip.brynmawr.edu/sci edu/waldrohands-on activities for
teaching biology to high school or middle schoabsnts.

http://www.pbs.org/wgbh/aso/tryit/dna##his site allows the user to replicate
DNA by moving parts of base pairs together. It @lows the user to build a
piece of protein using messenger RNA. Very hands-on

http://library.thinkquest.org/19037/general_infoaht this site offers basic to
complex information on genetics. It also offersomhation on how genetics is
applied to our society. It has a glossary of maayegic terms and the best part
is the "Interactive" section. This part offers m@gucible games, experiment
suggestions complete with directions, online quszaad other valuable sites.

Continued on next page
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STEM Background Information for Teachers,  Continued

Websites

(continued) http://biology.clc.uc.edu/courses/bio105/geneprvh Hthis site gives a
number of genetic situations where a Punnett Sqeaardoe used to answer the
guestions. The user uses the computer to submitesiesFeedback is given
immediately. The genetic problems start out sinaplé become more
complex.

http://learn.genetics.utah.eduthis site offers a great animated explanation of
DNA. It also includes information with animations genetic disorders and
understanding what stem cells are. There are aminsadbout how scientists
work with DNA and a video like game exploring geherapy.

http://www.genome.gov/2501987#%&long with information about the Human
Genome Project, this site offers a video about DMAch includes a visual
representation of how DNA replicates.

http://www.pbs.org/wgbh/nova/genomethis site includes information about
DNA along with animations for support. The onlindeo presentation of
Cracking the Code of Life is excellent. It is otfdrin 16 different segments
with lengths varying from 4 minutes to about 10 utés. This way you can
pick and choose the subject area you want to viehjast use up a small part
of regular class time.

http://www.thetech.org/geneticsthis site has an animation explaining DNA.
The animation has a number of interesting photdwa varying degrees of
magnification. It also offers an interactive sectan how eye color is
determined.

http://www.athro.com/evo/gen/punexam.htnthis site allows the user to input
a variety of genotypes and then see if the useztdigtions of possible
genotypes or phenotypes of the offspring are careEe@amples of single gene
inheritance are appropriate for middle school stisle

Continued on next page
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STEM Background Information for Teachers,  Continued

Materials
Needed

Researchable
Questions/
Problems

Hypothesis

The following list is a compilation of materialseded for the entire module.
Items are listed per group of students.

Activity 3
» 8 corn seeds
» 1 beaker or clear container
» Paper towels (dampened)

Activity 5
* 16 Pipe cleaners each cut about 10 cm in lengthifi@ent colors if
possible)

» 8 Pipe cleaners, each cut about 3 cm in length€sacolors as above)
» 2 Colored Pencils to Match 2 Different Colors
e 1 Sheet paper (blank) Note: Save the sHgmmer for Activity 6.

Activity 6
» 12 Pipe Cleaners each cut about 10 cm in lengted@nd 6 blue)
* 6 Pipe Cleaners each cut about 3 cm in lengthdZne 3 blue)
» 2 Sheets of Paper (blank) — One sheet can be the @ae used in
Activity 5
* Red and Blue Colored Pencils
» Materials to create a poster

Activity 9
* Colored pencils

Good science and engineering investigations begmawesearchable
guestion or problem statement. This question/proldéen asks "what if,”
"how" or "what effect something will have.” The gtien/problem should be
one that can lead to an investigation, which wild either quantitative or
qualitative data. A question/ problem that is walitten will often identify the
independent (manipulated) variable in the experitmen

A hypothesis is an attempted scientific answeh&duestion being
investigated. The hypothesis provides directiorafoinvestigation, attempts
to determine the outcome of the investigation, sunghests a possible
reason(s) for this outcome. The hypothesis shoeldased on prior knowledge
or observations and is proven true or untrue byrthestigation.

Continued on next page
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STEM Background Information for Teachers,  Continued

Verification

Procedure

Types of
Variables

28

Materials used in the investigation need to bedish specific amounts and sizes.
This allows other people to replicate (repeat)ekgeriment exactly to see if they
get the same results. This process is called vatifin.

The proceduresed in an investigation must be written in a ¢liggical, and
sequential manner in order to allow someone el$elltov the same steps to
replicate the investigation. In determining theqadure used in the investigation,
the factors, called variables, that will affect thecome of the experiment must

be identified and carefully controlled. Numbereebstin the procedure are helpful.

Independent (manipulated) variable- this factor is manipulated
(changed) during the investigation in order to foud what effect it has
on something else. An example of an independemharis changing
the alleles of an individual.

Dependent (responding) variable this factor is observed and
measured to see if it is affected by the manipoedf the independent
variable. An example of a dependent variable igyémeotype and
phenotype of an individual.

Variables that are controlled- these factors in an investigation must
be kept constant (controlled - exactly the samaepaie sure that they
are not having any effect on the dependent vari&xXamples of
variables that should be controlled in some ofitivestigations in this
module would be the number of chromosomes in theutes of

mitosis and meiosis, the inherited traits withia thuman Trait
Inventory, and the tossing of a coin in engineehggothetical human
babies.

Continued on next page




STEM Background Information for Teachers,  Continued

Results

Types of
Graphs

The results of the investigation include the measents taken and
v observations made, as well as a written explanatidhe outcome.
Data that are observed or measured during thetigaéisn should be
recorded as the investigation is conducted. Thefbasat to collect
&> data is called a data collection table. When cawtitig a data
collection table, it should be remembered that aggebtrials of the
investigation must be conducted to obtain validiitss Data can then be analyzed
and graphed. A statistical analysis of the coliéctata to include the mean, median,
mode, and range can be completed where approgtigdelpful to present the data
in the form of a graph so that the data illustratad easily be interpreted. See the
following sections for the two most commonly usgges of graphs for science
investigations.

Bar graphs are used to display discrete data, or data tleadiatinct and separate
from other information. Data shown on a bar grafroreflect measured or counted
amounts. For example, the average number of drioplsio water versus the average
number of drops of soapy water that will fit onenpy would best be shown on a ba
graph. The bars drawn on a bar graph must alldsdme width and are separated
by spaces in between them.

Line graphs are used to display continuous data or data thaingwvithout a stop or
break. Investigations that have dependent (respghdariables involving

temperature, time, or distance, will usually yidlta that should be graphed as a ling

graph. Line graphs are useful to analyze relatigmssimong collected data. In
particular, line graphs can show trends in datereasing, decreasing, or staying the
same. The dissolving time of a solid in a rangdifférent temperatures would be an
example of data best displayed on a line graph.

The independent (manipulated) variable is usualyesented on the horizontal (x)
axis of a graph and the dependent (respondingablaris represented on the vertical
(y) axis of a graph. The graph should also have:

* Numbers in even intervals (1's, 2's, 5's, 10's;s1@fc.)
» Labels for both the horizontal (x) and vertical &es
» Atitle that reflects the information that is beirgpresented on the graph

Continued on next page
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STEM Background Information for Teachers , Continued

Conclusion A conclusion has four parts. It should:

» state whether the prediction was supported or not.

» answer the original question that started the itngason and include results
used as the basis for that conclusion.

* include inferences that can be made from the esflthe investigation.

* include any additional questions that could be stigated or information that
could be researched in the future. In addition, gioplems that were
experienced during the investigation can be disaliss

Well-Designed  Conducting a well-designed investigation is one gonent of this module

Scientific Care must be taken to follow experimental procesiud@ experiment will be

Investigation designed to test a hypothesis. When planning aararpnt remember to keep
everything the same except for the single variablag used.
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WELL-DESIGNED INVESTIGATION (master copy)

Researchable
Questions/
Problems

Hypothesis

Verification

Procedure

Three Types
of Variables

Good science and engineering investigations begmawesearchable question or
problem statement. This question/problem often askst if,” "how" or "what

effect something will have.” The question/problemogld be one that can lead to an
investigation, which will yield either quantitative qualitative data. A question/
problem that is well written will often identify ¢hindependent (manipulated)
variable in the experiment.

A hypothesis is an attempted scientific answeh&duestion being investigated. Thd
hypothesis provides direction for an investigatiattempts to determine the outcome
of the investigation, and suggests a possible r€aktor this outcome. The
hypothesis should be based on prior knowledge semiations and is proven true or
untrue by the investigation.

Materials used in the investigation need to bedish specific amounts and sizes
(e.g., 12 — 100mL graduated cylinders). This allotger people to replicate (repeat)
the experiment exactly to see if they get the sagmelts. This process is called
verification.

The proceduresed in an investigation must be written in a ¢leagical, and
sequential manner in order to allow someone el$elltov the same steps to
replicate the investigation. In determining thega@ure used in the investigation,
the factors, called variables, that will affect thecome of the experiment must be
identified and carefully controlled. Numbered stepthe procedure are helpful.

- Independent (manipulated) variable- this factor is manipulated (changed) during
the investigation in order to find out what effédtas on something else. An
example of an independent variable is alleles ahdividual.

» Dependent (responding) variable this factor is observed and measured to see i
it is affected by the manipulation of the indepamtdeariable. An example of a
dependent variable is the genotype and phenotypa ofdividual.

* Variables that are controlled- these factors in an investigation must be kept
constant (controlled - exactly the same) to make that they are not having any
effect on the dependent variable. Examples of b&gathat should be controlled in
some of the number of chromosomes in the modatsitokis and meiosis, the
inherited traits within the Human Trait Inventoand the tossing of a coin in
engineering hypothetical human babies.

Continued on next page
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WELL-DESIGNED INVESTIGATION (master copy) , Continued

Results

Types of
Graphs

32

The results of the investigation include the measents taken and observations
made as well as a written explanation of the outcdbata that are observed or
measured during the investigation should be recbadethe investigation is
conducted. The best format to collect data is dalelata collection table. When
constructing a data collection table, it shoulddraembered that repeated trials of
the investigation must be conducted to obtain vaglilts. Data can then be analyze
and graphed. A statistical analysis of the coliéctata to include the mean, median,
mode, and range can be completed where approgdtigdnelpful to present the data
in the form of a graph so that the data illustratad easily be interpreted. See the
following sections for he two most commonly usepkty of graphs for science
investigations.

Bar graphs are used to display discrete data, or data tleadiatinct and separate
from other information. Data shown on a bar graft@roreflect measured or counted
amounts. For example, the average number of drioplaio water versus the average
number of drops of soapy water that will fit onenpy would best be shown on a ba
graph. The bars drawn on a bar graph must all ésdme width and are separated
by spaces in between them.

Line graphs are used to display continuous data, or datagihain without a stop or
break. Investigations that have dependent (respghdariables involving
temperature, time, or distance will usually yieltalthat should be graphed as a ling
graph. Line graphs are useful to analyze relatigssiimong collected data. In
particular, line graphs can show trends in datergasing, decreasing, or staying the
same. The dissolving time of a solid in a rangdifférent temperatures would be an
example of data best displayed on a line graph.

The independent (manipulated) variable is usualyesented on the horizontal (x)
axis of a graph and the dependent (respondingaiaris represented on the vertical
(y) axis of a graph. The graph should also have:

* Numbers in even intervals (1's, 2's, 5's, 1@8,4] etc.)
» Labels for both the horizontal (x) and verticgl &xes
» Atitle that reflects the information that is bgirepresented on the graph

Continued on next page
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WELL-DESIGNED INVESTIGATION (master copy) , Continued

Conclusion A conclusion has four parts. It should:

» state whether the hypothesis was supported or not.

» answer the original question that started the ingaon and include
results used as the basis for that conclusion.

* include inferences that can be made from the ®sflthe investigation.

* include any additional questions that could be stigated or information
that could be researched in the future. In addi@my problems that were
experienced during the investigation can be disaliss

Well-Designed  Conducting a well-designed investigation is a mamnponent of this module and

Scientific care must be taken to follow experimental procesiuDesign an experiment to test

Investigation the hypothesis. When planning your experiment rebegrto keep everything the
same except for the single variable being used.

Continued on next page
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WELL-DESIGNED INVESTIGATION (master copy) Continued

Sample
Investigation

34

Elements Description
Question How will the amount of fertilizer usedeadf the
plant growth of tomato plants?
Hypothesis If the amount of fertilizer is increastdten there

will be greater plant growth.

Independent Variable

Amount of fertilizer used

Dependent Variable

Growth of tomato plants

Control Variables

* All seeds must all come from the same packag
* Al seeds must be planted in the same sized polf
with similar soil.

* All plants must receive exactly the same amour
of water and light.

» The temperature should be the same for all tes
plants.

* More than one plant should be used in each tes
group (i.e., in case one type of seed grows batt
this time of year than another).

* More than one seed should be placed in each
container (i.e., in case one seed is damaged).

» Setup one group as the CONTROL GROUP. T
group is NOT given fertilizer.

« Set up two other test groups. One receives a
certain amount of fertilizer and the other receivg
twice as much.

D

it

[

5t

his

Analysis of Data

A line graph showing growth of i

Conclusion

» Was the hypothesis supported or not?

* Which plant group grew the most? Why or why
not?

* What would you do differently next time?

* What new questions arose?
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Mathematics Readiness Assessment

Necessary The use of mathematics knowledge and skills isixegral component of this
Mathematics module. Administering this readiness assessmehhelip determine if
Knowledge students possess the necessary mathematics bacttdoosuccessfully

and Skills complete the activities withiBhip Off the Old Block. Strategies should be

developed to assist students if needed.

Analyze Analyze data from a frequency table and make compasons
Data

Use the following graphs to answer questions 1 — 3.

o5 - Test Scores l

el

40-49 50-59 60-69 70-79 80-89 90-99

N
o

=
[é;]

Frequency

[¢)]

o

1. Which interval has the highest frequency?
D. 90-99

2.  What is the total number of test scores?
C. 57

3.  How many more students scored at least aatdtbored less than 60?
C. 28

Continued on next page
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Mathematics Readiness Assessment,

Analyze
Data
(continued)

Probability

Continued

Use the table to answer questions 4 — 7.

Favorite Type of Book

Type Tally Frequency Relative
Frequency
Fiction A LAt L A B
Mystery LW AT C
Romance | |||
Nonfiction |[LHA~
4. What is the total number of votes?
D. 30

5. What is the frequency (A) for fiction books?
D. 12

6. What is the relative frequency for fiction badB) expressed as a fraction
in lowest terms?

c. 2
5

7. What is the relative frequency for mystery b®@&) expressed as a
decimal?

C. 0.33

Determine the probability given experimental modelsr data.
Use the following information to answer questions B0.
A bag of marbles contains 15 red, 6 clear, 11 hla6kblue and 4
yellow marbles. If you reach in the bag and draae marble at
random, what is the probability that you will drawe the
following? Express each as a ratio in lowest terms

8. What is the probability of drawing a blue marbl

c. 2
13
9. What is the probability of drawing a red ordiamarble?
1
cC. =
2

Continued on next page
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Mathematics Readiness Assessment, Continued

Probability 10. What is the probability dIOT drawing a red marble?
(continued) 37
52

11. A six-sided die numbered 1 — 6 is rolled argdual is drawn from a
regular deck of 52 cards. What is trabpbility of rolling a four and
drawing a card with an 8 on it?

B. 1 LI 8
78
8
Make Create sample spaces and determine the outcomes.
Predictions Make predictions and express the probability of theesults as a fraction,

decimal or percent.

A pair of dice are rolled with the numbers 1 — 6eaich die. Answer questions

12 - 14.
12. What is the probability that the sum will1i2? Simplify your answer.
B. =
36
13. What is the probability that the sum will 52
1
C. =
6
14. What is the probability the sum will be aper than 8?
5
C. —
18

Continued on next page
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Mathematics Readiness Assessment, Continued

Describe a
Real-World
Situation

Patterns,
Functions, and
Sequences

Describe a real-world situation represented by anlgebraic expression or
graph.

15. A bus stops to let off some passengers. Whiaplgrepresents this
situation?
D.

Speed

Time elapsed

16. A student climbs the steps to their second ftass at a steady pace and
then ran down the hall to class. Whiclpgreepresents this situation?

I

Time elapsed

Speed

17. A child swings on a swing. Which graph repr¢sehis situation?
A.

Time elapsed

Distance from ground

Identify, describe, extend and create patterns, fuctions and sequences.

18. What is the next number in this sequen 1, 1, 2, 3, 5, 8,
C. 13

19. What is the next number in this sequend 3. 6, 12, 24,

C. 48
20. What is the next number in this sequencsg }, E § §, §
13 11 2 3 5

c =

8
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Module Engagement: Designer Genes

Activity
Description

WHERETO
Elements

As with all Module Engagements, this section igmted to hook the students
and let them know where the module is going andt\wehexpected of them not
only throughout the module, but as well as thempry performance task.

In this module, students act as a geneticist aawh lend explain how traits are
inherited from their parents, what the odds aré dhaarticular trait will be passed
on to the next generation, and what will be thélesoutcome of a trait
controlled by a single pair glenes At the end of the module, students will be
required to apply what you have learned to genltitangineer” a hypothetical
human “baby.” Their results (baby) will be evaluht®sed upon the accuracy
and clarity of their drawings and the correct uksatentific terminology.
Whenever they encounter a term that is unfamitiauélly these terms will be in
bold type) students are directed to refer to tBaiident Curriculum Module
(SCM) and the "Glossary of Terms" at the end ofSK&V.

W — WHERE is this module going and WHY? WHAT is eciael?
H — How will we HOOK and HOLD student interest?

Pre-conceptions A brief pre-conceptions assessment is includedagep 7 — 10 in the SDRB to

Assessment

40

measure students’ prior knowledge and/or understgaaf concepts within the
module. These assessment items and answers betlia naxt page.

Continued on next page




Module Engagement: Designer Genes, Continued

Pre-conceptions Directions: Use information below and the Pedidgéart to answer

Assessment guestions 1-3.

(continued)
Some people have the ability to taste a chemicalllead PTC.
This is a dominant trait. To these people, PTC tdss
extremely bitter. We will call these people “tastes.” Other
people cannot taste PTC at all. This is a recessitrait. We
call these people “nontasters.” Use the pedigred&art below
to answer the following questions.

. Taster Male

‘ Taster Female

Non Taster Male

O Non Taster Female

1. What is the genotype of the mother?
A Tt

2. What is the genotype of the father?
A Tt

3. What is the genotype of the nontaster daughter?
B tt

Continued on next page
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Module Engagement: Designer Genes, Continued,  Continued

Pre-conceptions Directions: Examine the Punnett Square below feckes in Human Beings.

Assessment Then answer question 4.
(continued)

Parents Genotypes Ff (freckled) x FT (freckled)

F f

4. In humans, having freckles (F) is dominamab having freckles (f).
The child represented in Box “1” in the above Puh8guare would
A  be homozygous for freckles.

ol

. Which statement describes how two organisms maw she same trait,
yet have different genotypes for that phenotype?
C One is homozygous dominant and the other het@zygous.

6. In a certain species of wasp, the geneofog mandibles (M) is dominant
over the gene for short mandibles (m). Mandiblesjaws. If a biologist
wants to produce wasps with long mandibles onlyicivivasps should be
crossed?

D homozygous long-mandiblewasps with heterozygous long-
mandibled wasps

7. In certain rats, black fur is dominant overteHur. If two rats, both
heterozygous
for fur color, are mated, their offspring would éxpected to have
D three different genotypes and two different colcs.

8. A student wants to examine chromosomes finimal cells. Which of
these would be the bésol for the student to use?
D compound microscope

9. Inthe DNA sequence, GAA TTC GCA,
what do the G and A represent in the DE&quence?
D nitrogen bases

Continued on next page
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Module Engagement: Designer Genes, Continued,  Continued

Pre-conceptions 10. Which of these represents the number of chsmmes in cells before

Assessment
(continued)

C 2n-=n

and after the process of meiosis?

Directions: Use the following table to answer giggs11.

11.

12.

A group of students wanted to determine how the abiy to
taste PTC, a nontoxic chemical, is passed from one
generation to the next. The students decided to tefamilies
in their community for this ability. The students gave each
family member a paper strip coated with a small amont of
PTC. Those who experienced the bitter taste of PT@hen
they touched the paper strips to their tongues werealled
“"tasters"; those who could not taste the PTC werealled

"nontasters."

The results of the experiment are shown in the tablbelow.

ABILITY TO TASTE PTC IN CHILDREN
OF THREE GROUPS OF PARENTS

Children of Each Parent Group

Parent Group

Percent Tasters

Percent Non-taster

v)

Both parents tasters 85 15

One parent taster, 62 38
one parent non-taster

Both parents non-tasterg 0 100

Which of these explains how two taster p@reauld produce a nontas

child?

A  Both parents are heterozygous and produce a homggous

recessive child.

In humans, the allele for dimples (D) is daent. The allele for not
having dimples (d) is recessive. A woman (DD) amdaam (Dd) have
four children. Which of these is the predictedaatf the children with
dimples to the children without dimples?

A 1:0

Continued on next page
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Module Engagement: Designer Genes, Continued,  Continued

Evaluation

The Nature
of Science

Evaluation

Student
Challenge

44

Do not formally assess the Pre-conceptions Assassima do discuss results
with students.

Although, most scientists believe that tongue mgllis an inherited trait, some
don’t. Log onto the web siteitp://udel.edu/~mcdonald/mythtongueroll.html
for a discussion of this.

E1: Now that you have had an opportunity to reviewdiffering opinions
scientists have about whether tongue rolling iiited or not. What does
this difference of opinion indicate to you abou tiature of science?
Students respond to this question on page 11 SDRB.

Do not formally assess E1, but discuss with stuglélrite primary concept to
convey is that science is a dynamic enterprisejhich data and results from
experimentation are always open to scrutiny antvev

In Activity 9, students will be asked to apply whia¢y learn in the first eight
activities to genetically “engineer” a hypothetibaiman “baby.” Their
results—a hypothetical baby—will be evaluated bagssh the accuracy and
clarity of your drawings and the correct use oéstfic terminology.

An analytic scoring rubric for a hypothetical batan be found on page 109 of
this guide.




Activity 3: Are You My Phenotype?

Activity
Description

WHERETO
Elements

Materials
Needed

Explore and
Evaluate

“Are You My Phenotype?” is atructured inquiry activity in which students
grow and explore the phenotypes of genetic cordisegs, explore and
elaborate upon the concept of probability, learoulthe work of Gregor
Mendel, and apply the concepts of dominant andssiee traits to their
inventory from Activity 1.

E  How will we equip students to explore and eigee the expected
performances?

R How will we help students to rethink, rehearseise, and refine?

E-2 How will students self-evaluate and reflect beit learning?

O  How will we organize and sequence learning?

Per group: 8 Corn seeds (Carolina Biological emachy other vendors supply
geneturm)
1 Beaker or clear containeio(gll,000 mL)
Paper towels (dampened)

In this investigation, you will explore how oftelbmo corn seedlings tend to
occur. To do this, obtain eight corn seeds andeptlaem in a clear container.
Fill your beaker with a damp paper towel so thatsbeds are pressed against
the glass for easy viewing as shown in the follagndilagram

3a. On page 25 of the SDRB design a table to regowl observations. In
addition to data, include a place on the data tebé®mpile your data with
the rest of the class.

Possible Data Table for Germination Observations
Phenotype My Group’s No. of Seedg Entire Class No. of Seedg
Green
White

Assessment Rubric

See “Data Organization TableSessment/evaluation tool on page
103 of this guide.
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Activity 3:

Explain and
Evaluate

Probability

Explain and
Evaluate

46

Are You My Phenotype?  Continued

3b. Write a lab report on page 25 of the SDRB thainaars the experimental
guestion based on your data.

Assessment Rubric

See “Lab Report” assessment/evaluatiohon page 97 of this guide.

If students need additional support understandingability. Use the website
below. It has very good graphics that illustratelqability and other
mathematics concepts.

http://www.mathsisfun.com/probability line.html

3c. Refer to the data you collected on page 25®DRB and determine
your probability and the class probability of grg@ants to albinglants?
Record your results on page 28 of the SDRB. Howaloexplain these
results?

The probability of green to albino plants (rounded off to the simplest
form) should be 3: 1.

To produce the albino phenotype, both parents must be heterozygous.

Assessment Rubric
2 = Student states the probability of greealbino plants
accurately and an attempt is made to explain thatse but
without the background on dominant and recessaitstthe
answer will probably contain inaccuracies or
misconceptions.

1= Response includes correct probabilltigisno attempt is
made to explain the results
0 = Not attempted

Continued on next page




Activity 3: Are You My Phenotype?  Continued

Explain and
Evaluate
Mendel’s
Data

The following chart contains data that Gregor Mémadéected when he observed the
growth and development of garden peas. There asaaeasons he selected the
garden pea as the basis for his experiments odibher&arden peas differed in certai
definite characteristics. Those characteristicstaed traits are listed in the following
chart. He called the trait with the greatest nuralteedominant trait and the one with
fewer numbers theecessivdrait.

3d. Follow in Mendel’s footsteps and use his datavalio calculate the probability fq
each characteristic. Record your resultpamye 28 of the SDRB.

Mendel's Data on Garden Peas

Characteristic | Dominant Trait No. | Recessive Trait| No. | Probability
Flower color Purple 705 White 22 3:1
Seed color Yellow 6,002 Green 2001 3:1
Seed shape Round 5,474 Wrinkled 1,850 3:1
Pod color Green 428 Yellow 152 3:1
Pod shape Smooth 882 Bumpy 299 3:1
Flower position Along stem 651 At tip 201 3:1
Plant Height Tall 787 Short 271 3:1

Assessment Rubric

2 = Student states that the dominant traits tesgue traits are
expressed in the probabilities of 3:1.

1= Response includes some inaccuracies.

0 = Not attempted

3e. Count the number of purple to yell®geds for all three rows. Determine the
probability and record your results on page 2hef$RDB.

PP,Pptoppis3:1

Next, count the number of smooth to
shrunkerseeks for all three rows.
Determine the probability and record yoik
results on page 29 of the SRDB. %

SS Sstossis3: 1

Assessment Rubric

2 = Student states that the probabilities of jeutp yellow and
smooth to shrunken seeds are 3:1.

1 = Response includes some inaccuracies or nasptions.

0 = Not attempted

Continued on next page
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Activity 3: Are You My Phenotype?  Continued

Explain and 3f. Using the probabilities you just calculated edigtine which are dominant
Evaluate and which are recessive genes in the genetic tlsmthe chart on page
29 of the SDRB to record your responses.

Purple and smooth are dominant traits

Assessment Rubric

2 = Student states that purple (PP, Pp) and sn{8&hSs) are
dominant traits and yellow (pp) and shrunken (sg)ls are
recessive.

1 Response includes some inaccuracies or naepdions..

0

3g. Refer to the Human Trait Inventory on page flthe SDRB. Use your
findings to complete the chart on page 30 of th&®@BDo determine
which phenotype comes from a dominant gene andnndomes from a
recessive gene.

Not attempted

3h. Below is a list of dominant and recess traiteumans. Look at the list
and, then circle the traits on page 30 in the SRBhich your class
results agree with the list

Traits
Trait Dominant Recessive
Tongue roller Non-tongue roller
Earlobe Unattached Attached
Smile Dimples No dimples
Hairline Widow’s Peak Straight
Interlaced Fingers Left thumb on top Right thumbam
Thumb Straight Hitchhiker
Little Finger Bent Straight
Second Toe Longer than big toe Shorter than big tpe
Freckles Has freckles No freckles
Eye Shape Oval Round
Chin Has cleft No Cleft

Continued on next page
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Activity 3: Are You My Phenotype?  Continued

Explain and
Evaluate
(continued)

Check Your
Understanding

Assessment Rubric 3g and 3h

3 = Student thoroughly completes both tasks with n
inaccuracies or misconceptions.

2 = Student completes both tasks with few inactasaor
misconceptions.

1= Student completes both tasks with maagguracies or
misconceptions.

0 = Not attempted

Directions: Read the description of an investigatonducted by your class on

genetic corn. Then answer questions 1 - 5.

Your class conducted an investigation in which yoused a
sample size of 800 genetic corn seeds. When the86 8eeds
germinated, 612 turned out to be green in color and88
were albino.

1. What is the probability of green to albino seeds?
A. 612:188

2. What is the probability when rounded off?
D. 31

3. Based upon your class data, the gene for albirsgonabably
B. arecessive gene.

4. In the above investigation, the color green is kn@as the
D. phenotype.

5. Why did you use a large number such 800 seed&éaathove
investigation? Larger sample sizes
A. increase the accuracy of the results.

6. Based upon the work of Gregor Mendel, which ongneffollowing
statements is False?
D. Genes come from the mother only.
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Chip Off the Old Block

Assessment/Evaluation

Holistic, Analytic, and Performance List Rubrics
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Cooperative Learning (Lantz, 2004)

Name Date Course/Class

Task/Assignment

Assessment
Performance Criteria Points | Self | Teacher| Other(s)

1. My group completed all that was expected.
2.l accomplished my assigned task within the grc
3. My actions and behavior made significant

contributions to the total group effort.
4. |listened to and respected others and their ide
5. | got others involved by asking questions,

challenging, and/or requesting information.
6. Working in the group helped me learn more the

if I had worked alone.

O Comments O Goals O Actions

51




Lab Report

Name Date

Task/Assignment

52

Course/Class

Assessment

Performance Criteria

Points

Self

Teacher

Other(s)

Introduction to Report

The title states clearly both the independent
dependent variables and the results of the
experiment.

The title of the report is written in a clear
declarative statement.

A concise abstract (not more than 250 words) ¢
the lab is provided.

Question/Problem

The question/problem that the lab was designe
answer is clearly stated.

Relevant literature and prior observations are
cited.

The hypothesis is stated in the "If — and - then"
format. It predicts the influence of the indepertc
variable on the dependent variable.

Procedures for Experiment

The procedures for controlling and measuring t
dependent variable are well defined and clear.

A detailed, logical, step—by-step set of procedu
that were used for conducting the lab is listed.

Safety concerns are listed among the procedur




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lab Report (continued)

Assessment

Performance Criteria

Points

Self

Teacher | Other(s)

Data Organization and Display

Refer to “Data Organization Table
Assessment/Evaluation Tool.

Refer to “Graphing Scientific Data”
Assessment/Evaluation Tool.

Data Analysis

Refer to “Data Interpretation”
Assessment/Evaluation Tool.

Conclusions

A response to both the question and hypothesi
clearly and completely provided and is consiste
with the data.

Interpretations, as well as limitations, of theadai
are included.

Unresolved questions and problems are listed.

Questions for further study are developed.

Language Usage

Language is used correctly and purposefully.

All words are spelled correctly.

The report is neat, legible, and presentable.

O Comments O Goals

O Actions
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Scientific Drawing (Lantz, 2004)

Name Date

Task/Assignment

10.

11.

54

Course/Class

Assessment

Performance Criteria

Points

Self

Teacher

Other(s)

The drawing(s) is striking in how realistically th
object(s) has been drawn.

The drawing includes only those features that
were actually observed and not inferred.

As many details as possible are included: size
(with metric measurements), colors, textures,
shapes, and relationships to surroundings.

The principles of artistic composition are well
employed in this drawing.

Multiple perspectives are drawn to provide the
viewer with a complete picture of the structures
under study.

A descriptive and accurate title is provided faz t
drawing(s).

All the parts of the scientific drawing are clearly
labeled.

A detailed, written explanation of what the
scientific drawing is intended to show is include

A key or legend, if needed to explain the
drawing(s), is provided.

The scientific drawing(s) is of an appropriate si
and scale for details to be easily recognized.

A very precise scale and proportion is used
consistently. The scale is stated and uses the

metric system when possible.




Scientific Drawing (continued)

O Comments

O Goals

O Actions
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Graphing Scientific Data (Lantz, 2004)

Name Date

Task/Assignment

56

Course/Class

Assessment

Performance Criteria

Points

Self

Teacher

Other(s)

An appropriate type of graph was expertly usec
(line graph, bar graph, pictograph, histogram,
stem-and-leaf, circle graph, line plot, etc.) to
display the data set(s).

The title of the graph clearly identifies the data
displayed on the graph.

The range of data was used to choose an
appropriate sequence of numbers for both the
and the y-axes (2’s, 3's, 5's, 10’s, 100’s, etc.).

Physical intervals on the graph are scaled
appropriately and spaced equallly.

All the parts of the graph are clearly labeled
(modules of measurement, x and y-axes, colun
rows, etc.).

The independent (manipulated) variable is labe
on the x - axis and the dependent (responding
variable is labeled on the y - axis.

A very precise technique is used to plot the dat
points.

The set of data is plotted on the graph complet
and accurately and the slope of the relationshiy
indicated.

The graph can be used for predictive purposes




10.

11.

12.

Graphing Scientific Data (continued)

Assessment

Performance Criteria

Points

Self

Teacher| Other(s)

If needed, a key is provided.

Colors, textures, labels, graphics or other featu
are used to enhance the graph.

The graph is clear and complete.

O Comments O Goals

O Actions
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Data Organization Table(Lantz, 2004)

Name Date

Task/Assignment

58

Course/Class

Assessment

Performance Criteria

Points

Self

Teacher

Other(s)

The design of the table is appropriate for the sy
and quantities of data being collected.

All relevant data are accurately and completely
recorded in the table.

The data organization table has a title that redle
the relationship between the independent and
dependent variables.

A key or legend for the table is provided (if
needed).

The information in the columns and rows is
appropriately organized and correctly labeled.

The cells within the table are appropriately sca
and consistent in size.

The set of data was recorded within the
appropriate cells.

All measurements are labeled with the correct
magnitude (numerical value) using metric
modules.

The data organization table is complete, attract
and presentable.

Optional

The data organization table has been construc
with computer generated or other graphic tools

Data from multiple trials are clearly shown.




Data Organization Table (continued)

O Comments

O Goals

O Actions
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Data Interpretation (Lantz, 2004)

Name Date

Course/Class

Task/Assignment

Assessment

Performance Criteria

Points

Self

Teacher| Other(s)

1. The interpretation includes all relevant data
elements.

2. Appropriate statistical procedures were selecte
and applied.

3. The formula(s) for the statistical interpretatisn i
correctly applied to solve for the unknown
quantity.

4. All mathematical calculations are accurate.

5. Appropriate graphic display techniques were u
(in addition to the mathematical formulas) to
further analyze the data.

6. The interpretation revealed any significant
patterns in the data.

7. Appropriate inferences and/or conclusions wer
made based on the data interpretation.

O Comments O Goals

O Actions
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Hypothesis Testing(Lantz, 2004)

Name Date Course/Class

Task/Assignment

Assessment
Performance Criteria Points | Self Teacher| Other(s)

1. The hypothesis is formulated in such a way as
clearly guide the development of an experimen
the question.

2. The hypothesis is based upon extensive
background research, observations, and/or wh
already known about the question.

3. The hypothesis links the effect to the independ
variable.

4. The directionality of the effect is stated.

5. The hypothesis states what will be the expecte
effect/change.

6. Both the dependent and independent variables
identified within the hypothesis statement.

7. The hypothesis is written in the "If-and- then"
format.
Example:lf baking soda is added to the waded
the Elodeas placed in front of a strong light
sourcethen the rate of photosynthesis should
increase.

8. The hypothesis is written as a clear declarative
sentence and the language used is purposeful
appropriate for the audience.

O Comments O Goals O Actions
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Brief Constructed Response to Open-ended Science €ations(Lantz, 2004)

Name

Date Course/Class

Task/Assignment

Expert
4

The responses show an in-depth understanding ebfine Relationships
among science facts and concepts are clearly, @etyl and accurately
explained and fully supported with relevant datameples, or citations. Ideas
are expressed clearly and succinctly in a logicahner. All aspects of the
guestions are addressed. Spelling and languagebons are correctly
applied. Language used in the responses is apptefor the needs of the
audience.

Proficient
3

The responses show a solid understanding of the Rglationships among
science facts and concepts are explained and digmsraported with
relevant data, examples, or citations. Ideas gpeessed, for the most part,
clearly and succinctly. The various aspects ofqilrestions are generally
addressed. Spelling and language conventions aexally correct. Languag
used in the responses is largely appropriate fongeds of the audience.
Minor errors do not interfere with meaning.

[¢%)

Emergent
2

The responses show a partial understanding obghie.tThere is an attempt
to explain the relationships among science faatiscamcepts, but some
serious omissions or misconceptions are evidestifficient support is
provided. Ideas are not always expressed in a aleghtogical manner,
making the response difficult to follow. The quess are only partially
addressed. Flaws in spelling and language convenirderfere. Language
used in the response is mostly inappropriate femieds of the audience.

Novice
1

The responses show a very limited understandirfgraferious
misconceptions about) the topic. Relationships aysmience facts and
concepts are not explained. Little or no suppopr@s/ided. Ideas are not
presented in a clear and logical manner. The questre not completely or
satisfactorily addressed. Major flaws in spellimgld&anguage conventions
make the responses difficult to follow. Languagedus the responses is
inappropriate for the needs of the audience.

O Comments O Goals O Actions
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Poster(Lantz, 2004)

Name Date

Task/Assignment

10.

Course/Class

Assessment

Performance Criteria

Points

Self

Teacher| Other(s)

The poster contains a title that clearly reflebtstiopic
or theme.

The poster contains relevant and accurate infoomat
about the topic or theme.

The format of the poster is appropriate to the ot
purpose, and audience for which it is designed.

Graphic elements, such as pictures, photographs,
charts, tables, scientific drawings, diagrams, kysap
etc., add to the overall effectiveness of the poste

There is a coherent, flowing organization to theteo
with the various elements (text, graphics, etc.jkivm
well together.

The poster is aesthetically pleasing, with effectige
of space, color, texture, and shape.

The poster is skillfully designed and crafted using
appropriate graphic design tools

The poster effectively communicates its theme in
convincing fashion to the intended audience.

The poster is creative and draws attention.

Language chosen for the poster is captivating,

persuasive, informative, accurate, and concise.

O Comments O Goals

O Actions
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Engineering a Hypothetical Baby Rubric

Traits

Understanding of Content

Product or Performance

Scale

Weights—> 70 %

30%

4
Expert

Shows an in-depth and advanced understand
of the concepts of heredity and genetics
contained with the moduléhip Off the Old
Block. These concepts are applied accurately
the scientific drawings of the heads of the two
hypothetical babies. Question 9e is answered
depth and the language used reveals an in-de
understanding of heredity and genetics. Therg
are no misunderstandings of science and
mathematics key concepts.

Al traits for the hypothetical baby
have been determined through coin

t@ccurate, and effectively
communicated. The scientific
idrawings of the head of the
piipothetical babies are completed
> using the Scientific Drawing
performance list rubric The drawings
are presented in an engaging and
highly informative manner.

tosses. The genotypes are complete,

3
Proficient

Shows a solid understanding of the concepts
heredity and genetics contained with the mod
Chip Off the Old Block. These concepts are
mostly applied accurately to the scientific
drawings of the heads of the two hypothetical
babies. Question 9¢ is answered and the
language used reveals an understanding of
heredity and genetics. There are minor
misunderstandings of science and mathemati
key concepts.

of\ll traits for the hypothetical baby
uleave been determined through coin
tosses. The genotypes are mostly
complete, accurate, and effectively
communicated. The scientific
drawings of the head of the
hypothetical babies are mostly
completed using the Scientific
cPrawing performance list rubric The
drawings are mostly presented in an
engaging and highly informative
manner.

2
Emergent

Shows a limited understanding of the concept
of heredity and genetics contained with the
moduleChip Off the Old Block. These concepts
are loosely applied to the scientific drawings @
the heads of the two hypothetical babies.
Question 9e is answered but the language us
reveals a limited understanding of heredity an
genetics. There are major misunderstandings
science and mathematics key concepts

sMost traits for the hypothetical baby
have been determined through coin
tosses. The genotypes are incomple
finaccurate, and not effectively
communicated. The scientific
edrawings of the head of the
dhypothetical babies are completed
afsing some of the criteria of the
Scientific Drawing performance list
rubric The drawings are not presents
in an engaging and highly informativ
manner.

te,

2d

(0]

1
Novice

Shows little understanding of the concepts of
heredity and genetics contained with the mod
Chip Off the Old Block. These concepts are ng
applied to the scientific drawings of the heads
the two hypothetical babies. Question 9e is
answered but the language used reveals little
no understanding of heredity and genetics. Th
are major misunderstandings of science and
mathematics key concepts

Some traits for the hypothetical baby
uleave been determined through coin
ttosses. The genotypes are mostly
ahcomplete, inaccurate, and not
effectively communicated. The
tecientific drawings of the head of the
drgpothetical babies are incomplete
and show little to no use of the criter,
of the Scientific Drawing performanc

El

D

list rubric.
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Module Test for Chip Off the Old Block

Directions: Use the information below and the PexBgChart to answer questions 1-3.

Some people have the ability to taste a chemicalllead PTC. Thisis a
dominant trait. To these people, PTC tastes extreety bitter. We will call
these people “tasters.” Other people cannot tasteTC at all. Thisis a
recessive trait. We call these people “nontasteisUse the pedigree chart
below to answer the following questions.

. Taster Male

‘ Taster Female

Non Taster Male

O Non Taster Female

1. What is the genotype of the mother?
A Tt

2. What is the genotype of the father?
A Tt

3. What is the genotype of the nontaster daughter?
B. tt

Continued on next page
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Directions: Examine the Punnett Square below fecKes in Human Beings.
Then answer question 4.

Parents Genotypes Ff (freckled) x Ff (freckled)

4. In humans, having freckles (F) is dominamab having freckles (f).
The child represented in Box “1” in the above Puh8guare would
A. be homozygous for freckles.

5. Which statement describes how two organisms may she same trait, yet have different
genotypes for that phenotype?
C. Oneis homozygous dominant and the other hetexggous.

6. In a certain species of wasp, the gene for longdiées (M) is dominant over the gene for
short mandibles (m). Mandibles are jaws. If a gdbwants to produce wasps with long
mandibles only, which wasps should be crossed?

D. Homozygous long-mandibled wasps with heterozygsuong-mandibled wasps

7. In certain rats, black fur is dominant over white. fif two rats, both heterozygous for fur
color, are mated, their offspring would be expedtedave
D. three different genotypes and two different colrs.

8. A student wants to examine chromosomes from anteldd. Which of these would be the
besttool for the student to use?
D. Compound microscope

9. Inthe DNA sequence, GAA TTC GCA, what do ther@d & represent in the
DNA sequence?
D. Nitrogen bases
10. Which of these represents the number of chromosamesls before and after the process
of meiosis?
C. 2n-n

Continued on next page
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Directions: Read the selection below and answestgprell.
A group of students wanted to determine how the abiy to taste PTC, a
nontoxic chemical, is passed from one generation tbe next. The students
decided to test families in their community for ths ability. The students gave
each family member a paper strip coated with a smhamount of PTC. Those
who experienced the bitter taste of PTC when theytiched the paper strips to
their tongues were called "tasters"; those who coul not taste the PTC were
called "nontasters." The results of the experiment are shown in the tabl

below.
Ability to Taste PTC in Children of Three Groups of Parents
Parent Grou Children of Each Parent Group
P Percent Tasters Percent Nontasters
Both parents tasters 85 15
One parent taster,
one parent nontaster 62 38
Both parents nontasters 0 100

11. Which of these explains how two taster parentsccpubduce a nontaster child?
A. Both parents are heterozygous and produce a hormaggous recessive child.

12. In humans, the allele for dimples (D) is domindrite allele for not having dimples
(d) is recessive. A woman (DD) and a mad)(Bave four children. Which of these is

the predicted probability of the childrertwdimples to the children without dimples?
A. 1.0

Continued on next page
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Directions: Shown below is a pedigree chart foritiieeritance of achondroplasia (ay-kon-druh-
play-zhuh), a form of dwarfism. Dark circles ousges indicate individuals with achondroplasia.
Examine the pedigree chart, and answer questioi$13

Using (D) to represent the dominant allele and (dp represent the recessive
allele, write the genotypes of the indicated indiduals. For one of the labeled

individuals, there are two possible genotypes. W both genotypes and
indicate which one is more likely.

A B

S he e O ‘e m
m coem 00 emct

13. The gene that causes this form of dwarfism
B. is a dominant trait.

14. The genotype of individual A
B. isDd.

15. The genotype of individual G
C. isdd.

Continued on next page
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Directions: Examine the Punnett Square below assvanquestions 16-19.

Mother (Aa)
Eggs produced by
meiosis

by fertilization

1A\ —p
>Zygotes produced

Father (Aa)
Sperm produced by
meiosis

16. What is a zygote?
A. Afertilized egg

17. What is the probability of the F1 generatiorbeing aa?
A. 1:3

18. The genotype Aa is
A.  heterozygous.

19. Which of the following represents the change inrthmber of chromosomes

from the P generation to the F1 generation?
A. nto 2n
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