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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
Project (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 education. The (upper elementary, miaiadl high school)
modules of the STEM Curriculum Integration Projeate 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 provide atis 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 studentsilbast when they have an
opportunity to engage in explorations in a handsaomds-on environment in
which they make and pose explanations for theoalisries. Engagement,
Exploration, Explanation, Elaboration, and Evaloatare the recursive phases
of the 5E teaching, learning, and assessing cycle.

Continued on next page
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Introduction to 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 sameegiromote 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 STHERM+@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 matiesrstudents?

» 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 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 activitiwghin STEM-CIP contain an
end-of-activity evaluation called “Check Your Unsgiamnding” which consists
of selected response items that lend themselvii® tose of Student Response
Systems for ease of scoring and immediate feedtyactudent understanding.
Each activity within the modules is accompaniedbgring tools, including a
variety of field-tested and National Science Teaslesociation (NSTA)
endorsed performance list, holistic, and analytiahtics.

The Teacher’s Guide (TG) provides much detail alomptementing the
module. A matrix of standards, consisting of theidiaal Science Education
Standards, the National Council of Teachers of atitics Standards, the
National Education Technology Standards for Stugleartd the Standards for
Technological Literacy, along with assessment ewdéddor 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 additiomfbrmation about the
phases of the 5E cycle, the level of inquiry, ardhtskills and processes the
students will use during that activity.

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

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

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

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 for

Classroom the teacher which allows for the use of interagtdigital presentation

Component technologies. This component provides both thec®and expert teacher with
consistent high quality implementation strategidésclv lend themselves well
to contemporary interactive technologies (e.gexkooks, Internet use, digital
libraries, student response systems, whiteboaallkts, and document
cameras). These interactive strategies are exyheritten into most activities
of every module.

Teacher- Every effort has been made to design the STEM GlBules 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 moduleteadh it exactly as it was
designed and in the process still provide a higidityinstructional program.
The expert teacher who knows about additional nessuy materials, and
instructional techniques can incorporate them iheomodule, as everything is
provided in a digital format and is easily modified both present and future
use.

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




Overview of 3-2-1 Lift Off — Stage One of UbD  (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 andlerstandings about scientific
inquiry.

Standard B: As a result of activities in grades aiBstudents should develop
an understanding of properties and changes of pgrepén matter, motion and
forces, and transfer of energy.

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

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

Standard 9: Algebra Standard — In grades 5-8, @kematics curriculum

should include exploration of algebraic concepts rcesses so that students

can:

* Understand the concepts of variable, expressioreguodtion.

* Represent situations and number patterns withgagtaphs, verbal rules
and equations and explore the interrelationshigbese representations.

» Analyze tables and graphs to identify properties @hationships.

Standard 10: Statistics — In grades 5-8, the madkiesncurriculum should

include exploration of statistics in real-worldusitions so 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.

» Develop and appreciation for statistical methods@gerful means for
decision making.

Standard 12: Geometry — In grades 5-8, the mathesmairriculum should

include the study of the geometry of one, two dndée dimensions in a variety

of situations so that students can:

* Visualize and represent geometric figures with gpettention to
developing spatial sense.

* Represent and solve problems using geometric models

Continued on next page



Overview of 3-2-1 Lift Off — Stage One of UbD (Desi red Results),

Continued

Desired
Results
(continued)

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

Standard 13: Measurement — In grades 5-8, the matihes curriculum should

include extensive concrete experiences using meamnt so that students

can:

» Extend their understanding of the process of measent.

» Estimate, make and use measurements to describtmangare phenomena.

» Select appropriate units and tools to measuregadgree of accuracy
required in a particular situation.

» Extend their understanding of the concepts of petem area, volume,
angle measure, capacity, and weight and mass.

» Develop the concepts of rates and other derivedraticect measurements.

* Develop formulas and procedures for determiningsuess to solve
problems.

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 idpasjucts, or processes.
(b) use models and simulations to explore compysiesns 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, synthearze ethically use
information from a variety of sources and raed

(d) process data and report data.

Critical Thinking, Problem-Solving, and Decision-kiag Standard-

Students use critical thinking skills to plan amsduct research, manage

projects, solve problems and make informed decssiming appropriate digital

tools and resources. Students:

(b) plan and manage activities to develop a satubiocomplete a project.

(c) collect and analyze data to identify solutiansl/or make informed
decisions.

Continued on next page



Overview of 3-2-1 Lift Off — Stage One of UbD (Desi red Results) ,

Continued

Desired
Results
(continued)

Standards for Technological Literacy, Grades 3-5 TEA, 2007)

Core Concepts of Technology

G. When parts of a system are missing, it may ravkwas planned.

J. Materials have many different properties.

|. Requirements are the limits to designing or imgla product or system.

Relationships Among Technologies and Other Fields
B. Technologies are often combined.
C. Various relationships exist between technolagy @ther fields of study.

Attributes of Design
C. The design process is a purposeful method oihplg a practical solution
to problems.

Engineering Design

C. The engineering design process involves defiaipgoblem, generating
ideas, selecting a solution, testing the smhf$), making the item,
evaluating it, and presenting the results.

E. Models are used to communicate and test dedegsiand processes.

Other Problem Solving Approaches
E. The process of experimentation, which is comimgtience, can also be
used to solve technological problems.

Assess the Impact of Products and Systems
F. Test and evaluate the solutions for the desighlem.
G. Improve the design solutions.

Use and Maintain Technological Products and Systems

D. Follow step-by-step directions to assemble apcb

E. Select and safely use tools, products, andmgster specific tasks.
F. Use computers to access and organize information

Energy and Power Technologies
C. Energy comes in different forms.
D. Tools, machines, products, and systems use giregyder to do work.

Continued on next page



Overview of 3-2-1 Lift Off — Stage One of UbD (Desi red Results) ,

Continued

Enduring
Understandings

Essential
Questions

Students will
know...

Students will be
able to...

Students will understand that:

Science, Technology, Engineering, and Mathematakwn concert to
answer contemporary questions and solve problems.

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

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

There is often a conversion of energy between pialeand kinetic
energy and friction acts in concert with the two.

There are many factors that affect the rate of ecb@meactions.

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

How do energy conversions impact the natural andi#signed
systems?

What factors can alter the rate of chemical reastio natural and
designed systems?

The role of variables in investigations.

What distinguishes a physical change from a chdmlange.

The differences between potential and kinetic energ

The relationship between chemical reactions ofreéfgcent tablets and
variables such as the solvent, temperature ofdiverst, and the size
of the tablet.

Plan and conduct well-designed investigations.
Design data tables and charts.

Collect and analyze data.

Graph data.

Draw conclusions from data.

Use evidence to support findings.

Design and test Alka-Seltzer rockets.




Overview of 3-2-1 Lift Off - Stage Two of UbD  (Assessment

Evidence)

Module
Performance
Task

Key
Criteria

Other
Evidence

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

“3-2-1 Lift Off” is a school wide/district wide emggeering challenge for upper
elementary students. In this challenge studentsmeageffervescent tablet
(Alka-Seltzer) powered rockets.

To compete in the challenge, students learn abtkat-8eltzer rockets by
designing and testing (engineering) them. Theikebdesign and test data are
evaluated using the rubric “Alka-Seltzer RocketiDeswhich is located in

the TG and SDRB.

The rocket launch is powered by a chemical reaetiatka-Seltzer in a liquid.
In order to participate in the challenge, studemi#ist work as a scientist, a
mathematician, and an engineer investigating amgyukis chemical reaction.

The goal is to engineer—design, build, test, and 1test—a rocket that will
achieve the highest launch height using an effervaant tablet (such as
Alka-Seltzer) and a liquid.

Students:

* Identify and controls variables in all investigausoof the reactions of
Alka-Seltzer and various liquids.

* Plan and conduct well-designed investigations erathhounts of and
particle size of the Alka-Seltzer, as well as gmperature of liquids.

» Construct and document the designs of various S&kizer powered
models.

» Construct scientific drawings of teacher demonsinat their own
investigations, and of their model rockets.

Students:
» Construct data tables for investigations.
» Construct graphs for the temperature investiggianivities 3 and 4).
* Work within cooperative groups.
» Perform satisfactorily on the end-of-module sumretissessment
(e.g., facts, concepts, and applications of forfrenergy, chemical
reactions, and well-designed investigations).




An Overview of 3-2-1 Lift Off - Stage Three of UbD

(Learning Plan)

Backward Mal

ping from National Standards

National Content Standard
Standard Content Standard Descriptors Learning Plan
Category (Benchmarks)
Students will record data throughout
Abilities to do | Design and conduct a Activity 3. Students test their prediction
scientific scientific and will have an opportunity to revise a
National Standard A: inquiry. investigation. written set of procedures in Activity 3e.
Science | As aresult of Students will read and follow a set of
Education | their activities written directions in Activities 3a and 3b.
Standards | in grades 5-8| ynderstandings Think critically and | Students should wear goggles during
(1996) students | apout scientific| logically to make the| Activities 3a and 3b as evidence of
should inquiry. relationships between following safety procedures in the lab.
develop: evidence and In Activity 4a, students must develop a
Science as explanations. prediction for the investigation. In Activity
Inquiry 4c, students develop a table for recordin
Communicate their data. In Activity 4f, students discuss
scientific procedures| the components of a well-designed
and explanations. | investigation. In Activity 4b students
follow written procedures for conducting
an investigation and then conduct the
investigation using appropriate safety
equipment. In Activity 4g, students plot
collected data on a graph.
In Activity 4h, students develop a
conclusion for their investigation.
Substances react
Properties and chemically in Activity 1 — Students respond to several
changes of characteristic ways | questions (1a-1d) designed to probe for
National Standard B: Matter. with other substances understanding of science processes and
Science | As aresult of to form new physical and chemical changes. Respon
Education | their activities substances will be assessed and discussed using the
Standards | in grades 5-8 (compounds) with | assessment tools in the
(1996) students different Assessment/Evaluation Guide.
should characteristic
develop an properties.
Physical | understanding Energy is a property| Activity 2 - Students will observe and
Science of: Transfer of of many substances| record observations of Alka-Seltzer

an

5€S

D

energy. and is associated with reacting with water (chemical reaction).
heat, light, electricity,, Concepts of chemical changes, potential
mechanical motion, | energy, kinetic energy, dependent
sound, nuclei, and the variables, independent variables, and
nature of a chemical| control variables will be introduced.
Energy is transferred Preliminary understandings of these
in many ways. concepts will be assessed through sever
questions.
The motion of an
Motion and object can be In Activities 7 and 8, students design/
forces. described by its | engineer their rockets, test fire them,

position, direction of
motion, and speed.
The motion can be
measured and
represented on a

record data, redesign them, and provide
scientific drawings and descriptions of
performance, including which variables
contributed most to performance.

graph.

10



An Overview of 3-2-1 Lift Off - Stage Three of UbD

(Learning Plan )

Backward Mapping from National Standards

National Content Standard
Standard Content Standard Descriptors Learning Plan
Category (Benchmarks)
A system is an
Systems, order, organizational group
and of related objects or| Throughout the module 3-2-1 Lift
National As a result of organization. components that | Off, students plan and conduct well
Science activities in form a whole. designed investigations and then
Education | grades K-12 all Systems can consist, design, construct, and document
Standards | students should for example, of various models of Alka-Seltzer
(1996) develop organisms, machines,rockets; collect data consisting of
understanding fundamental timed measurements of rockets in
and abilities particles, galaxies, | flight; and answer open-ended
Unifying aligned with the ideas, numbers, | questions that call for explanations
Concepts following transportation, and | and interpretations. All of these
and concepts and education. activities will provide concrete
Processes processes: ...Models are tentative evidence of student understanding ¢

schemes or structures Unifying Concepts and Processes.

classes of events, and Form and Function which is the

Evidence,
models, and | that correspond to redl
explanation. objects, events, or
that have explanatory
power.
...Changes in system
Constancy, can be quantified...
change, and
measurement.
Form and function are
Form and complementary
function. aspects of objects,

organisms, and
systems in the natur
and designed world.

12

-

Activity 6 is devoted to the theme of

underlying and organizing theme for
this module.

In Activities 9-11, students learn
about the force of gravity and its
effects upon objects as they conduct
several investigations on falling
objects. Data are collected, organized,
and analyzed, and conclusions are
drawn for the collected data.

11



An Overview of 3-2-1 Lift Off - Stage Three of UbD  (Learning Plan)

Backward Mapping from National Standards

National
Standard Content Standard Learning Plan
Category
Understand the | Complete a function table| In Activities 3, 4, and 5,
Standard 9: concepts of with a given two-operation| students develop an
Algebra variable, rule. understanding of independent
National (Grades 5-8) | expression and and dependent variables.
Council of equation.
Teachers of In Activities 9, 10, and 11,
Mathematics students learn about the force
Standards - of gravity and its effects upon
(NCTM, objects. They evaluate
1989) equations involving density,

volume, cross sectional area of
an object, speed, velocity and
acceleration.

Represent Describe how a change in In Activities 7 and 8, students
situations and one variable in a linear | describe performances of a
number patterns| function affects the other | rocket including which
with tables, variable in a table of valueg. variables contributed the mos
graphs, verbal to performance.
rules and
equations and
explore the
interrelationships
of these

representations.

Analyze tables Evaluate an algebraic | In Activity 10, students
and graphs to expression or formula. | determine density using a
identify properties formula.

and relationships

Systematically | Organize and display data {dn Activities 3 and 4, students
Standard 10: | collect, organize| make tables using a variety calculate the arithmetic mean
Statistics and describe of categories and sets of| of data collected on the
(Grades 5-8) data. data. investigation on temperature
and dissolving time, using the
Interpret and compare data algebraic formula
in double bar graphs.

Determine the mean or a Y (times)
given data set or data | Mean: X=———
display. n

Apply the range and
measures of central
tendency to solve a problem
or answer a question.

12



An Overview of 3-2-1 Lift Off - Stage Three of UbD

(Learning Plan)

Backward Mapping

from National Standards

National Content Standard
Standard Content Standard Descriptors Learning Plan
Category (Benchmarks)
Construct, read Organize and In Activities 3, 4 and 5, students
and interpret display datato | measure temperature, time, particle
Standard 10: | tables, charts an{ make single bar | size, and volumes of liquids to
Statistics graphs. graphs using a | design investigations and collect
National (Grades 5-8) variety of data. Students design data collectipn
Council of categories and | tables, graph data with the
Teachers of intervals. appropriate type of graph, and draw
Mathematics conclusions based upon collected
Standards - data.
(NCTM, Make inferences| Organize, display | In Activities 9, 10, and 11, students
1989) and convincing | and interpret data irf learn about the force of gravity and
arguments that | double bar graphs, its effects upon objects as they
are based on dat conduct several investigations on
analysis. falling objects. Data are collected,
organized, and analyzed and
conclusions are drawn from the
collected data.
Develop an Determine the | In Activities 3, 4 and 5, students
appreciation for | appropriate type of| measure temperature, time, particle
statistical graph to effectively| size, and volume of liquids to desigh
methods as display data. investigations and collect data.
powerful means Students design data collection
for decision tables, graph data with the
making. appropriate type of graph, and draw
conclusions based upon collected
data.
Standard 12: Visualize and Draw geometric | In Activities 7 and 8, students
Geometry represent figures using a | design/engineer their rockets, test
( Grades 5-8) | geometric figures| variety of tools. | fire them, record data, redesign them,
with special and provide scientific drawings and
attention to descriptions of performance,
developing spatia including which variables
sense. contributed most to performance.
Represent and | Identify, describe ol While engaged in Activities 7 and 8|
solve problems draw a polygon. | students will design and build their
using geometric rockets based upon concepts of
models. aerodynamics, which involve various

geometric shapes.
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An Overview of 3-2-1 Lift Off - Stage Three of UbD

(Learning Plan)

Backward Mapping from National Standards

National Content Standard
Standard Content Standard Descriptors Learning Plan
Category (Benchmarks)
Extend their Determine start, elapsgdin Activity 1, materials are
understanding of the and end time. weighed on a triple beam balanc
National process of before and after an experience
Council of | Standard 13: measurement.
Teachers of| Measurement In Activities 3, 4 and 5, students
Mathematics| (Grades 5-8) measure temperature, time,
Standards - particle size, and volume of
(NCTM, liquids to design investigations
1989) and collect data.

Estimate, make and
use measurements
to describe and
compare phenomen

jd

Determine equivalent
units of measurement

In Activity 5, students design the

. own investigations by writing
procedures, which include the
tools, techniques and
measurements for their
investigations.

=

Select appropriate
units and tools to
measure to the
degree of accuracy
required in a
particular situation.

Select and use
appropriate tools and
units.

In Activities 7 and 8, students
design/engineer their rockets, te
fire them, record data, redesign
them and provide scientific
drawings and descriptions of
performance, including which
variables contributed most to
performance.

"2
—

Extend their
understanding of
the concepts of
perimeter, area,
volume, angle
measure, capacity,
and weight and
mass.

Estimate and determin
the volume of a
cylinder.

Determine the surface
area of geometric
solids.

e In Activities 3, 4 and 5, students
measure temperature, time,
particle size, and volume of
liquids to design investigations
and collect data.

Develop the
concepts of rates
and other derived

and indirect

measurements.

In Activities 3, 4 and 5, students
measure temperature, time,
particle size, and volume of
liquids to design investigations
and collect data.

Develop formulas
and procedures for
determining
measures to solve
problems.

Measure a single angle
and angles in regular

polygons.

2 In Activities 7 and 8, students
determine the angle of the launc
at its highest point.
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An Overview of 3-2-1 Lift Off - Stage Three of UbD

(Learning Plan)

Backward Mapping from National Standards

National
Standard Content Standard Benchmark Learning Plan
Category
Creativity and Innovation (a) Apply existing knowledge to In Activities 3, 4, and 5,
Standard — Students generate new ideas, products, or students measure temperature,
demonstrate creative processes. time, particle size, and volume
National thinking, construct (b) Use models and simulations to | of liquids to design
Education | knowledge, and develop explore complex systems and | investigations and collect datg.
Technology | innovative products and issues. Students design data collectign
Standards for| processes using technology. tables, graph data with the
Students— | Research and Information (a) Plan strategies to guide inquiry. | appropriate type of graph, ang
ISTE, 1998, | Fluency Standard — Students (b) Locate, organize, analyze, draw conclusions based upon
2007 apply digital tools to gather, evaluate, synthesize, and ethically¢ollected data.
evaluate, and use information.  yse information from a variety of N _
sources and media. In Activity 5, students design
(d) Process data and report data. | their own investigations by
— — — writing procedures, which
Critical Thinking, Problem- | b) Plan and manage activities to include the tools, techniques
Solving, and Decision- develop a solution or complete a 4 measureme'nts for their ’
Making Standard — Students project. investigations.
use critical thinking skillsto | ¢) Collect and analyze data to
plan and conduct research, identify solutions and/or make Activity 6 is devoted to the
manage projects, solve informed decisions. theme of Form and Function
problt_ems anq make info.rmed which is the underlying and ’
decisions using appropriate organizing theme for this
digital tools and resources. module.
Core Concepts of Technology G. When parts of a system are
missing, it may not work as In Activities 7 and 8, students
planned. _ engineer their rockets, test fire
Standards for J. Materials have many different | them, record data, redesign
Technological properties. them, and provide scientific
theraCy. . Requirements are the limits to drawings and descriptions of
Grades 3-5 designing or making a product of performance, including which
(ITEA, 2007) system. variables contributed most to
Relationships Among B. Technologies are often combined.performance. While engaged jn
liee(ngOIOgles and Other C. Various relationships exist A(_:I]“\(;'t'e_s ’ anéj bS _Is(;uﬂents
between technology and other will design and build their
fields of study. rockets bas_ed upon concepts of
- . - - aerodynamics which involve
Attributes of Design C. The design process is ppseful various geometric shapes.
method of planning a practical
_ : solution to problems. In Activities 9, 10, and 11,
Engineering Design C. The engineering design process students learn about the force
involves defining a problem, of gravity and its effects upon
generating ideas, selecting@ | gpiacts as they conduct several
solution, testing the solution(s), investigations on falling
making the item, evaluating it, objects. Data are collected,
and presenting the results. organized, analyzed, and
E. Models are used to communicaté -onclusions are drawn from tHe

and test design ideas and
processes.

Other Problem-solving
Approaches

E. The process of experimentation,
which is common in science, carj
also be used to solve
technological problems.

collected data.
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An Overview of 3-2-1 Lift Off - Stage Three of UbD

(Learni

ng Plan)

Backward Mapping from National Standards

National
Standard
Category

Content Standard

Benchmark

Learning Plan

Standards for
Technological
Literacy,
Grades 3-5
(ITEA, 2007)

Assess the Impact of Produg
and Systems

ts-.

Test and evaluate the solutions for thé
design problem.

2 Activity 2 - Students will
observe and record
observations of an Alka-

. Improve the design solutions.

Seltzer reacting with water
(chemical reaction). Concept

Use and Maintain
Technological Products and
Systems

. Follow step-by-step directions to

assemble a product.

. Select and safely use tools, products,

and systems for specific tasks.

. Use computers to access and organiz

information

Energy and Power
Technologies

. Energy comes in different forms

. Tools, machines, products, and syste

use energy in order to do work

of chemical changes,
potential energy, kinetic
energy, dependent variables
independent variables, and
control variables will be
introduced. Preliminary
eunderstandings of these
concepts will be assessed
through several questions.

In Activities 7 and 8, student

nslesign/ engineer their rocket
test fire them, record data,
redesign them, and provide
scientific drawings and
descriptions of performance,
including which variables
contributed most to
performance. While engaged
in Activities 7 and 8, student
will design and build their
rockets based upon concept
of aerodynamics, which
involve various geometric
shapes.

Iy

1"2)

[

1"2)
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General Implementation Hints for Teachers

Learning
Activities
(WHERETO)

The acronyMWHERETO summarizes the key elements that should be found

in the learning plan, given the desired resultsasskssments in Stages One
and Two. Note that the elements need not appdeheisame order as the
letters of the acronym. Think ¥/HERETO as a checklist for building and

evaluating the final learning plan, not a suggeseglience. For example, the
learning might start with the Hook (H), followed mstruction on the final
performance requirements (W), then perhaps sorhakatg 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

(E-Z) learning?

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 classmm-proven foundation

Assessing for this UbD designed STEM module? How do | use ffor teaching and
Student assessing student progress?
Progress

This module has been designed using concepts thaater standing by
Design (Wiggins and McTighe, 1998) and particularly thekmard
mapping and WHERETO (description of WHERETO appearpage
17) 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 Tetbuy Standards
(ISTE, 2007), and the Standards for Technologidaracy, (ITEA,
2007).

This module has been designed usimgaalified 5E (Engage Explore,
Explain, Elaborate, an&valuate) 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 akfigage — Other E’'s — Evaluate”
formatusing the activities and assessment/evaluatios tehin the
module. For closure to each day’s lesson, assessude) 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 dtud#rns module
and is then revisited in the Module Elaboration.

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

The module Engagement is developed uSRASPS(Goal, Role,
Audience Setting, ProductPerformance, an@tandards for evaluating
student work).

18
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General Implementation Hints for Teachers,  Continued

Teaching and
Assessing
Student
Progress
(continued)

Each module contains many lessons (many Explosaod
Explanations) and will vary in length, depending@nstudent progress
and their understanding of science concepts anélalewient of skills
and 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 objeativihé lesson
(which includes the assessment of the lesson)aggessment of
student understanding, and any pre-teaching aneimngdvhich
students might need to be successful on the ldssimiow. Some
lessons will need more teacher direction than sther

Both formative and summative assessments are egrattpart of this
module The focus is on collecting evidence, inalgdartifacts 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 (describe, explain,
illustrate, analyze, compare, predict, persuatiexch students how to
respond appropriately to these prompts.

Teach students to determine the number of sepstegie 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

Q (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

Share with the students prior to, during, and dfteractivity any non-
task specific assessment/evaluation tools (rulamckschecklists) to
identify the characteristics of excellent respon&@aint the target.”

Continued on next page
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General Implementation Hints for Teachers,  Continued

Teaching and
Assessing
Student
Progress
(continued)

20

Use textbooks, audiovisuals, and other expositaienals primarily
during and after the Explanation phase of eaclviactiAlmost without
exception, use these materials only after the Eaptm phase.

Use the modules to illustrate the characteristigeedformance
assessment tasks (e.g., call for thoughtful apydica of knowledge in
"authentic" contexts and use established criterevaluate student
products and performances).

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

Use lower grade-level (easier) modules with stuslemfamiliarize
them with the requirements of performance-baseaducson and
assessment. Using lower level modules minimizesdméent difficulty
and 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 thaari

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

Periodically, impose a reasonable time limit fae Htudent to respond
to task activities. This will give students somepgaration for the time
constraints of state-mandated summative testinggassent.



Student Readiness for Success

Module
Description

Common
Student
Preconceptions

Prior
Knowledge
and

Skills

This module is ideally taught at the first parttoé school year, as it focuses on
STEM knowledge and processes and on “doing” scigecénology,
engineering, and mathematics. Students investigattheme of “form and
function,” learn about science concept of energy, ase the scientific process
to experiment with variables that might affect thesolving time of an
effervescent antacid tablet in a chemical react®tndents conduct three
investigations of independent variables that majfect the dissolving time:
temperature, particle size, and type of liquid.dgnits will discover the
importance of controlling variables as they expenin They will identify the
independent variable, controlled variables, anceddpnt variables, then
collect and graph data on these variables. Fintdigy will use the knowledge
they have gained to design, build, and launch (exeg) a rocket powered by
an effervescent tablet.

» Physical changes and chemical changes in mattéh@issame thing.
* The mass of a material changes before and afteysigal change.

* Gravity is selective; it acts differently or not ah some matter.

» Gravity increases with height.

» Gravity requires a medium to act through.

* Heavier objects will fall faster to the earth .tHayht objects

* There is no gravity in space.

* Rockets in space require a constant force.

» Science is “done” only by white men in lab coats.

» Science is not something that is done by ordinaopje.

Students need to have a general understanding aftctlntific process and
what constitutes a well-designed investigationqgiinfation included in this
Teacher Guide) to be successful in this modulapatjh many of the relevant
ideas related to the scientific process are exgthas students work through
the module. It may be worthwhile to review the wsypdediction, procedure,
variable, andconclusion with students before or during beginning the medul
as a differentiation instructional strategy. Comgats of a well-designed
investigation can be found in the TG (pages 30t3&) could be copied for
students.

Students will need to be able to read temperatora & Celsius thermometer
to the nearest degree and to calculate the meamsetf of data. Also, the ability
to measure volumetrically with a graduated cylingér be required.

Continued on next page
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Student Readiness for Success, Continued

Mathematics
Readiness

Safety Issues

22

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 selecteghoese 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.

Students should be totwt to taste the effervescent tablets or solutiorthey
use throughout the module.

Safety goggles should be worn by all students atl élmes when mixing the
Alka-Seltzer and water.




Background Information for Teachers

Intent of
Module

Websites

This module deals with the idea of designing amitdoating well-designed
investigations. In order for an experiment to bestdered a controlled test,
only one variable at a time (called the independariible) can be changed.
All other variables must be kept the same or cdletioA quick review of the
parts of a scientific investigation and the conadptariables are listed below.
A master copy can be found in the TG (pages 3(0fe83)se with students if
they are having difficulty with this concept asyttveork through this module.
This section can be easily copied for students méexl additional help.

The first five websites listed below are specifidiie construction of an Alka-
Seltzer rocket.

http://quest.arc.nasa.gov/space/teachers/rockediaul

http://lwww.alkaseltzer.com/as/experiment/studenpeexnent.htm

http://www.alka-seltzer.com/asp/student experimehtsgml

http://www.uidaho.edu/idahotech/lessons/rocket&&bbtml

http://www.gk-
12.osu.edu/Lessons/4th%20Grade/Alka%20Seltzer%2ts0204. pdf

kkkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkkhkkhkkkkkkkkkkkkkkk kkkkkkhkkhkkk

« http://mpassero.tripod.com/rocket/seltzer/seltzer hinformation about
designing and launching paper rockets propelledlkg-Seltzer and water
in an effort to demonstrate Newton’s Third Law.

* http://www.grc.nasa.gov/WWWY/K-12/airplane/newtortitqil - Excellent
background information on Newton’s First Law of Nbwt, which is an
integral concept of this module.

* http://www.glenbrook.k12.il.us/gbssci/phys/Classytiaws/u2l1a.htm}
Excellent background information on Newton’s Flratv of Motion, which
is an integral concept of this module.

* http://www/lerc.nasa.gov/WWW/K-12/airplane/newtom®al - Excellent
background information on Newton’s Third Law obNbn, which is an
integral concept of this module.

Continued on next page
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Background Information for Teachers,  Continued

Website *  http://www.glenbrook.k12.il.us/gbssci/phys/Classitiaws/u214a.html
(continued) Excellent source of information on Newton’s Las§dViotion

* http://www-istp.gsfc.nasa.gov/stargaze/Sfall.hthery useful background
information on acceleration due to the force olvdyaand provides another
explanation of Activity 11 — Rhythms of Gravity.

* http://www.howstuffworks.com/question116.htrAnswers to many questions
about the history of Alka-Seltzer, Alka-Seltzerastigations, and Alka-Seltzer

rockets.

* http://stanford.edu/~buzzt/gravity.htmBackground information on the
history of gravity, Sir Isaac Newton, and basic &ndfacts about gravity are
contained within this site.

* http://csep10.phys.utk.edu/astri61/lect/historytomgrav.html- What really
happened with the apple and Sir Isaac Newton? @édisibal motion, mass and
weight, and the gravitational force are discussedtia site.

* http://dbhs.wvusd.k12.ca.us/Matter/2.4bPhysicalCbkanges.htnm
Background information on physical and chemicaingjes.

* http://www.mcps.org/bhs/classes/dana/chemphys.hfhlysical and chemical
properties and changes are addressed at thigsitateractive quiz on these
concepts is provided to test understanding.

« http://microgravity.nasa.qgov/wimg.htmliThis is a NASA web site devoted to a
discussion of gravity and microgravity.

* http://www.grc.nasa.gov/WWW/K-12/airplane/rktsimntit- This website is an
interactive model rocket design and launch simaiatvhere students change
the variables (design) of a rocket and simulat&iisch.

* http://www.cs.wright.edu/~jslater/SDTCOutreachWedgiendulum_esp.htm
Good background information about pendulum carobed on this website.

Continued on next page
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Background Information for Teachers,  Continued

Materials
Needed

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

Teacher demonstration in Module Engagement, and Astities 7 and 8
» 2 fresh effervescent antacid (Alka-Seltzer*) tablet
» Construction paper
» 1 plastic 35-mm film canister** with top (The seslmost important
and the lid must seal on the inner portion of theister for best results.)
 Tape
* Water and eyedropper
» Scissors

* Any brand of effervescent antacidiééd can be used. Generic
brand tablets tend to be less expens
**  Canisters are reusable as losigjds seal properly.

Activity 1
e Salt
 Water
e Spoon

* 2 Clear Containers
* Measuring Cup
* Triple beam balance

Activity 2
» 1 effervescent antacid tablet (Alka-Seltzer or aggie brand)
» 1 clear container
* Water
* pH indicator

Activity 3
» 3 effervescent antacid tablets
e 600 mL Water (200 mL cold, 200 mL room temperat@@) mL (hot)
e 3 clear cups labeled A, B, C
* Thermometer
» Stopwatch or clock with second hand
» Graduated cylinder or beaker

Continued on next page
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Background Information for Teachers,  Continued

Materials Activity 4
Needed « 3 effervescent antacid tablets
(continued) « Water
e 3clear cups labeled A, B, C
» Stopwatch or clock with second hand
» Graduated cylinder or beaker
* Plastic knife

Activity 5
* Clear plastic cups * Clock or stopwatch
* Clear liquid soap * Clear ail
» Paper towels » Water
» White vinegar * Seltzer water
» Styrofoam cups * Effervescent tablets
» Salt » Beaker or graduated cylinder

Activity 9
e Tennis ball
e Baseball
* Ping Pong Ball
e Pencil
* Ruler

Activity 10
 Three 8.5 x 11 - inch pieces of paper

Activity 11

* Two pieces of string 200 cm each with weights &italc

* Hard surface area, such as a cafeteria tray ongakieet

* Weights (25) — e.g. small binder clips, washeradisefishing sinkers,
paper clips. Note: although clips are easiertacht they tend to
tangle; beads or sinkers (split shot works well eawl be purchased at
most stores that sell fishing equipment) are betitbough they are
more difficult to attach.

Continued on next page

26



Background Information for Teachers,  Continued

Researchable
Questions/
Problems

Prediction

Verification

Procedure

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
gualitative data. A question/ problem that is walitten will often identify the
independent (manipulated) variable in the experimen

A prediction is an attempted scientific answertte guestion being
investigated. The prediction provides directiondarinvestigation, attempts to
determine the outcome of the investigation, andjests a possible reason(s)
for this outcome. The prediction should be basegrar knowledge or
observations and is proven true or untrue by tkiestigation.

Materials used in the investigation need to bedish specific amounts and
sizes (e.g., 12 — 100 mL graduated cylinders). alaswvs other people to
replicate (repeat) the experiment exactly to séleely get the same results.
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 theqa@ure used in the
investigation, the factors called variables thdt affect the outcome of the
experiment must be identified and carefully coréal Numbered steps in the
procedure are helpful.

Continued on next page
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Background Information for Teachers , Continued

Types of
Variables

Results

Types of
Graphs

28

* Independent (manipulated) variable- this factor is manipulated
(changed) during the investigation in order to fond what effect it has on
something else. An example of an independent Varialusing different
sizes of effervescent tablets in order to obseissotling time.

» Dependent (responding) variable this factor is observed and measured
to see if it is affected by the manipulation of thdependent variable. An
example of a dependent variable is the dissohiing of effervescent
tablets.

* Variables that are controlled- these factors in an investigation must be
kept constant (controlled - exactly the same) t&arsure that they are not
having any effect on the dependent variable. Exampf variables that
should be controlled in some of the investigationthis module would be
the type of effervescent tablets, the type of ftlamister, the timing device,
and the rocket design. However, these could becodependent variables
depending upon the design of the investigation.

The results of the investigation include the measients taken
v and observations made, as well as a written exptanaf the
outcome. Data that are observed or measured dilréng
investigation should be recorded as the invesbgas
&> conducted. The best format to collect data is dadlelata
collection table. When constructing a data coltectable, it
should be remembered that repeated trials of thestigation must be
conducted to obtain valid results. Data can theartayzed and graphed. A
statistical analysis of the collected data to idelthe mean, median, mode,
and range can be completed where appropriatehélpful 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 commonlgds$ypes of graphs for
science investigations.

Bar graphs are used to display discrete data, or data tleadtiatinct and
separate from other information. Data shown onragteph often reflect
measured or counted amounts. For example, thege/atanber of drops of
plain water versus the average number of dropsayswater that will fit on a
penny would best be shown on a bar graph. Thedvaven on a bar graph
must all be the same width and are separated lmgspa between them.

Continued on next page



Background Information for Teachers,  Continued

Types of
Graphs
(continued)

Conclusion

Well-Designed
Scientific
Investigation

Line graphs are used to display continuous data or data thaihgwithout a
stop or break. Investigations that have depen@esponding) variables
involving temperature, time, or distance, will ubyigield data that should be
graphed as a line graph. Line graphs are usetuabyze relationships among
collected data. In particular, line graphs can shawds in data - increasing,
decreasing, or staying the same. The dissolving tifra solid in a range of
many different temperatures would be an examptiatd best displayed on a
line graph.

The independent (manipulated) variable is usualyesented on the
horizontal (x) axis of a graph and the dependesgponding) variable is
represented on the vertical (y) axis of a graple @faph 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

A conclusion has four parts. It should:

» State whether the prediction was supported or not.

* Answer the original question that started the itigation and include
results used as the basis for that conclusion.

* Include inferences that can be made from the resilthe investigation.

* Include any additional questions that could be stigated or
information that could be researched in the futlrexddition, any
problems that were experienced during the investigaean be
discussed.

Conducting a well-designed investigation is a mammponent of this module
Care must be taken to follow experimental procesiud@ experiment will be
designed to test a prediction. When planning areex@nt remember to keep
everything the same except for the single varidblag used.

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

Researchable
Questions/
Problems

Prediction

Verification

Procedure

Three Types
of Variables

30

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

A prediction is an attempted scientific answertte guestion being
investigated. The prediction provides directiondarinvestigation and
attempts to determine the outcome of the investigatnd suggests a possible
reason(s) for this outcome. The prediction shoeldhéssed on prior knowledge
or observations and is proven true or untrue byrthestigation.

Materials used in the investigation need to bedish specific amounts and
sizes (e.g., 12 — 100 mL graduated cylinders). @ahasvs other people to
replicate (repeat) the experiment exactly to séleeiy get the same results.
This process is called verification.

The proceduresed in an investigation must be written in a ¢lEggical, and
sequential manner in order to allow someone el$elltov the same steps to
replicate the investigation. In determining theqa@ure used in the
investigation, the factors, called variables, thiitaffect the outcome of the
experiment must be identified and carefully coréibl Numbered steps in the
procedure are helpful.

* Independent (manipulated) variable- this factor is manipulated (changed)
during the investigation in order to find out wiedfiect it has on something
else. An example of an independent variable isgudifierent sizes of
effervescent tablets in order to observe the etfaalissolving time.

» Dependent (responding) variable this factor is observed and measured to
see if it is affected by the manipulation of thdependent variable. An
example of a dependent variable is the dissohiing of effervescent tablets.

* Variables that are controlled- these factors in an investigation must be
kept constant (controlled - exactly the same) t&ergure that they are not
having any effect on the dependent variable. Exampf variables that
should be controlled in some of the investigationthis module would be
the type of effervescent tablets, the type of ftiamister, the timing device,
and the rocket design. However, these could bec¢odependent variables
depending upon the design of the investigation.

Continued on next page



WELL-DESIGNED INVESTIGATION (master copy) , Continued

Results

Types of
Graphs

The results of the investigation include the measents taken and
observations made as well as a written explanatidghe outcome. Data that
are observed or measured during the investigationld be recorded as the
investigation is conducted. The best format toemltata is called a data
collection table. When constructing a data coltectable, it should be
remembered that repeated trials of the investigatiast be conducted to
obtain valid results. Data can then be analyzedgaaphed. A statistical
analysis of the collected data to include the mesadian, mode, and range
can be completed where appropriate. It is helpfyresent the data in the
form of a graph so that the data illustrated cagilyle interpreted. See the
following sections for he two most commonly usepety of graphs for science
investigations.

Bar graphs are used to display discrete data, or data tleatliatinct and
separate from other information. Data shown onragteph often reflect
measured or counted amounts. For example, thegesatanber of drops of
plain water versus the average number of dropsa\swater that will fit on a
penny would best be shown on a bar graph. Thedsaven on a bar graph
must all be the same width and are separated lmgspa between them.

Line graphs are used to display continuous data, or datagihain without a
stop or break. Investigations that have depen@esponding) variables
involving temperature, time, or distance will usyaield data that should be
graphed as a line graph. Line graphs are usefnatyze relationships among
collected data. In particular, line graphs can shawds in data - increasing,
decreasing, or staying the same. The dissolving tifra solid in a range of
different temperatures would be an example of Hat displayed on a line
graph.

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

* Numbers in even intervals (1's, 2's, 5's, 10's)s]@fc.)
* Labels for both the horizontal (x) and vertical &es
* A title that reflects the information that is beirepresented 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 prediction was supported or not.

» answer the original question that started thestigation 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 futreddition, any
problems that were experienced during the investigaan be
discussed.

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

Scientific and care must be taken to follow experimental piooes. Design an

Investigation experiment to test the prediction. When planningryexperiment remember to
keep everything the same except for the singleabbeibeing used.

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

Sample
Investigation

Elements Description

Question How will the amount of fertilizer usedeadt the
growth of tomato plants?

Prediction If the amount of fertilizer is increaséten there

will be greater growth in tomato plants.

Independent Variable

Amount of fertilizer used

Dependent Variable

Growth of tomato plants

Control Variables

* All seeds must all come from the same package.

» Al seeds must be planted in the same sized pots
with similar soil.

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

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

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

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

» Set one group as the CONTROL GROUP. Thi
group is NOT given fertilizer.

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

-

S

Analysis of Data

A line graph showing growth of s

Conclusion

» Was the prediction supported or not?

* Which plant group grew the most? Why or why
not? What data supports this?

* What would you do differently next time?

* What new questions arose during the
investigation?
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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 withig, 2, 1 Lift Off. Strategies should be developed to

assist students if needed.

Best Graph Select and justify the type of graph that would besdisplay data.

To Display

Data 1. What is the most appropriate type of graph &t desplay the favorite ice
cream of the students in the fifth grade?
B. Bar graph

2. What is the most appropriate type of graphdst llisplay the number of
home runs hit by Cal Ripken per year over five g@ar
A. Line graph

3. Bobby is conducting an experiment to prove thatspinner he and his
friends used to play a board game is unfair. Heddés to spin the spinner
50 times to find out which color is landed on maisén: yellow, green, red
or blue. Each time Bobby spins the spinner, hertscthe outcome on a
graph. What type of graph should Bobby creaténablie can record data
as he is conducting the experiment?
C. Line Plot

Continued on next page
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Mathematics Readiness Assessment, Continued

Stem and Construct line plots, line graphs, double bar grapk and stem and leaf
Leaf Plot plots using whole numbers.

Use the stem and leaf plot below to answer ques#doad 5.

Hours of TV Watched By Students in Mr. Smith’s Clas in One Week

99

NP O
~N B~ O

4 8
78

A WDNPEFO
OFrRLNOW
= W o o
abhpPFEOo

Key2|3= 23 hours

4. What is the total number of hours of TV watclhgdhe students in Mr.
Smith’s class?

D. 482
5. How many students watched more than 18 houfd/ah one week?
D. 13
Central Calculate, interpret and describe mean, median, maglandrange of a set of

Tendency data.
Use the following chart to answer questiors&

Hours Spent Listening to Music on One Month

Student Tony | Connie Luke Yoshi| Francis
Hours Per
Month 72 107 107 86 53

6. What is the mode?
D. 107

7. What is the mean?
B. 85

8. What is the median?
C. 86

Continued on next page
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Mathematics Readiness Assessment, Continued

Patterns Analyze, describe and predict patterns and trendsrma graph.
and Trends

Use the following graph to answer questiorsld.

Favorite After School Activities for First and Fift h Grade Students

100
90
80
70

60
50
40

B Fifth Graders
B First Graders

30
20
10

Number of Students

Homework Watch TV Playing Sports Phone
Outside Teams

After School Activities

9. In which after school activity did the first gexd have more students?
C. Playing Outside

10. About how many more fifth grade students thast fyrade students
liked homework?
B. 50

11. About how many more first grade students thitim §rade students
liked playing outside and sports teams?
D. 45

Continued on next page
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Mathematics Readiness Assessment, Continued

Perimeter Determine the perimeter of polygons.
and Area Determine the area of rectangles and triangles.

12. Which formula would you use to find the perimetéthe square below?
A. P=4xS

S

13. What is the perimeter of this rectangle?
C. 16 %in.
5in

14. What is the perimeter of this square?
D. 15.2in.

3.8in.

15. What is the area of this rectangle?
C. 19in?
5in.

3.8in.

Continued on next page
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Mathematics Readiness Assessment, Continued

Circumference  Use the formula for circumference and area of a cale.
and Area
of a Circle 16. What is the circumference of the following ci®l(t=3.14)

D. 56.52 cm

17. What is the circumference of the following cirzlgt=3.14)
C. 4396 m

N

18. What is the area of the following circleft € 3.14)

C. 254.34 ch I

Continued on next page
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Mathematics Readiness Assessment, Continued

Volume Calculate the volume from rectangular prisms and us the appropriate unit of
measurement.

19. Which unit is NOT a measure of volume?
A. cm?

20. Which figure is a rectangular prism?
A.

21. Each side of a cube measures 7 mm. What iscluene of the cube?
D. 343 mm

22. Arectangular prism measures 2 m wide, 3 m higth 18 m long.
What is its volume?
D. 192 i

23. What is the volume of the cylinder to the neatesth? Useat=3.14
C. 75.4 crh
2cm

6cm

Continued on next page
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Mathematics Readiness Assessment, Continued

Surface
Area

Calculate the total surface area for a rectangulaprism and cylinder.

24. What is the total surface area of a rectanguianpthat measures
3 feet by 4 feet by 6 feet?
D. 108 f

25. What is the total surface area of a cube thatsorea 8 meters on each
side?
C. 384

26. What is the total surface area of the cylindethe nearest tenth?

Usemt=3.14.
C. 100.48 crh
2cm
\/
6cm
N
Na—— 7

Continued on next page
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Mathematics Readiness Assessment,

Continued
Elapsed Determine elapsed time to the nearest minute
Time
Use the following train schedule to answer questi®dn— 29.
Train Schedule
Arrives Departs City
7:40 pm 7:50 pm Toledo, OH
11:07 pm 11:15 pm Cleveland, OH
3:25 am 3:35 am Buffalo, NY
9:05 am 9:35am Albany, NY
27. Use the following train schedule to determine homg a train must
travel to get from Toledo to Cleveland?
B. 3 hrs 17 min
28. Which conversion is correct?
D. 2% hrs =150 min
29. What is the elapsed time from 3:35 am to &%0b
A. 5hrs 30 min
Angles

Estimate, measure and draw angles to the nearestgtee using a protractor.

30. What is the measure &fDEF?
A. 118

*—>
E

F

Continued on next page



Mathematics Readiness Assessment, Continued

Angles 31. What is the measure iBCD?
(continued) D. 135
B
+—@ o—>
A C D

32. What is the measure &fACB ?

A. 48
B
e *—>
A C D
Algebraic Evaluate formulas and algebraic expressions givemé value of the variables.

Expressions
33. What is the value of the expression x + 32, whenl8?
D. 50

34. What is the value of the expression 2L + 2W when16 and W = 127
C. 56

35. A car traveled at 35 mph for 3 %2 hours. Whkahe distance the car
traveled? Use the formulad =r - t. Round yamswer.
D. 123 miles

Continued on next page
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Mathematics Readiness Assessment, Continued

Patterns and  Solve problems involving patterns and functions usig a calculator when
Functions appropriate.

36. What are the values for “x” and “y"?

Hours Worked (h) |1 2 3 4 80 vy
Toys Produced (p) |4 8 12 16 x 400

D. x=320 y=100

37. What are the values for “a” and “b"?

Days (d) 1 2 3 4 56 7
Total Spiders (t) 14 28 56 112 224 b

D. a=448 b=2896

38. How many dots are needed for drawing m and n?

° ° ° ° L] [ ° [] [ [] m n
1 2 3 4 6 8

C..m=36 n=64

Continued on next page

44



Mathematics Readiness Assessment, Continued

Functional Given a functional relationship, describe how a chege in one variable results
Relationships  in a change in the other.

39. Which answer describes how a change in “x” resalta change in “y"?

Evaluation

X

2

4

6

10

y

10

20

30

50

A. as “X” increases by 2,

“y” increass by 10

40. Which answer describes how a change in “a” tesala change in “y"?

a

5

10

15

20

25

y

11

21

31

41

51

C. as“a’increases by 5, “y” increases by ten

41. Which answer describes how a change in “b”lte$ni a change in “t"?

b

64

32

16

8

y

4

8

12

16

A. as“b”is multiplied by 1/2, “t"is increased by 4

Do not formally assess this assessment. Use stiettitack to determine a

strategy for remediation where necessary.




Module Engagement: Let's Soar

Activity
Description

WHERETO
Elements

Materials
Needed

Explanation

46

In this section of the module, students watch alteademonstration of
launching an effervescent tablet rocket. The iniet get students hooked
and excited about effervescent tablet rocketryedioit preconceptions about
how the rocket is propelled.

In this module, students study the science of howfeervescent tablet rocket
is launched. They will assume the roles of scightimathematicians, and
engineers investigating Alka-Seltzer powered rasketd use their findings
from several investigations to build and test (aegr) a rocket that will
achieve the highest launch height.

The task turns into a contest (engineering chadgmgnen students compete
against other groups in the class and possiblepgruother classes.

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

» 2 fresh effervescent antacid (Alka-Seltzer*) tablet

» Construction paper

* 1 plastic 35-mm film canisters** with tops (the bsamost important
and the lid must seal on the inner portion of theister for best results.

 Tape
» Water and eyedropper
e Scissors

* Any brand of effervescent antacidl¢dab can be used.
Generic brand tablets tendddess expensive.
**  Canisters are reusable as losigjds seal properly.

E1 and E2 Ask students to draw and labeltheir SDRB what they observed
when the Alka-Seltzer rocket was launched. Belosvthe parts of a scientific
drawing that should be included in their drawinfisese criteria should be
shared with the students in advance.

o atitle

* as many details as possible (e.g., color, shapegsunements)

» all parts labeled

* awritten explanation of what the drawing is inteddo show

* an appropriate size for details to be easily rezsgh

Ask students to describe why the Alka-Seltzer rocgacted the way it did.
Ask them to use words they already know.

Continued on next page



Module Engagement: Let’s Soarr,

Rocket
Construction

Continued

One example of rocket construction can be fountherfollowing website:
http://quest.arc.nasa.gov/space/teachers/rock&e/st.html

However, students should either modify this desigar design a new rocket
as they engineer their own rockets in Activities and 8.

Step 1: Wrap and tape
a tube of card stock
paper (it comes in
different colors)
around the film
canister, The lid end o
the canister goes
down!

N

=R

o] e

Ifl_l

|
l

[
[
]

Lidd

Step 2:Tape fins to
the rocket

Step 3:Cut a cone
pattern for the top of
the rocket.

Cone Pattern

Cones can be
any size!

Step 4:Overlap and
tape.

Taps

Continued on next page
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Module Engagement: Let's Soar, Continued

Rocket

Construction
(continued) Step 5: Tape the cone
to the top of the rocket.

Step 6:Ready for
launch.

Step 7:Drop 15 — 20 drops of water into the film canister.

Step 8:Break the effervescent tablet in half. Drop %2 tdilalet into the
canister. Put the top on immediatelg #ip it upside down so
the lid end of the canister is in @mtwith the tablet.

Step 9:1n a couple of seconds, the rocket will be laucinéo the air
blowing off the lid with a loud pop.

Important Notes:
* Amount of time for the tablet to react with the emivill vary.
Run at least 2 -3 trials before doing this as a deomstration
for students.

* This demonstration can be done in the classroomegther, the
rocket will probably hit the ceiling.

Continued on next page
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Module Engagement: Let's Soar, Continued

Pre-conceptions A brief pre-conceptions assessment is includeddasure students’ prior
Assessment knowledge and/or understandings of concepts witiermodule. The
assessment items and answers are below.

1. What is the name given to the form of energy wheoc&et is launched
and in motion?
A. Kinetic Energy

2. What is the force that brings a rocket dowk &oth?
A. Gravity

3. The four objects listed below are restingadable top four feet above the
floor. Which one of the objects has the greatestma@l energy?
D. Bowling ball

4. Jane stands motionless on her skateboard. Timuigieteto give the
skateboard a push. Which of Newton’s Laws is Hestonstrated by
Timmy’s push on the motionless skateboard?

A. An object at rest will stay at restintil acted upon by a force.

5. As a candle burns, you observe both chemical agsdigdd changes
taking place. Which statement besiscribes evidence for a physical
change?

D. The flame causes the wax to melt.

6. In a scientific investigation, the procedure is
A. a step-by-step plan for the investgion.

7. Which picture below best shows engineering?
D.

8. STEM is an acronym (abbreviation) for
D. Science, Technology, Engineeriranyd Mathematics

Evaluation Do not formally assess these items, but do disassts with students.
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Activity 3: Temperature and Dissolving Time

Activity In this structured inquiry activity, students tdst effects of temperature on the

Description dissolving time of effervescent antacid tabletsidgnts first predict the
outcome of the investigation, follow a set of vaittprocedures to conduct the
temperature investigation, conduct the investiga#ind finally organize their
data into data tables. They then graph their d¢at@pare class data (repeated
trials), and then write their conclusion regardihg question. “Does changing
the temperature of the water have an effect onligsolving time of the
effervescent antacid tablet?”

WHERETO E — How will we EQUIP students to EXPLORE and EXPERCE the

Elements expected performances?
R — How will we help students to RETHINK, REHEARSHE-RISE, and
REFINE?
Materials » 3 effervescent antacid tablets
Needed * 600 mL Water (200 mL cold, 200 mL room temperat@@) mL, hot)

e 3clear cups labeled A, B, C

* Thermometer

» Stopwatch or clock with second hand
» Graduated cylinder or beaker

Background In this activity, students will be testing the et of temperature on the total

Information dissolving time of effervescent antacid tabletse Taterials needed for each
group of students are listed in the materials seand the procedures can be
found in the SCM. A quick review of how to read teenperature of the water
to the nearest degree may be necessary beforenttumbgin the hands-on
portion of the investigation. Greater water temperadifferences will yield
better student results. The hot water will sigaifity speed up the dissolving
time of the tablet.

Variable Description
Independent Temperature of water
Dependent Total time it takes for tablet to diseolv
Controlled Volume of water, tablet size, type, amdount

Continued on next page
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Activity 3: Temperature and Dissolving Time, Continued

Background
Information
(continued)

Exploration
and
Evaluation

Bar graphs are used to show discrete data (i.entirm data- in this case total
dissolving time). In this exploration, it is diffit to measure dissolving of the
tablet over a period of time, so the total timased. If students are not familiar
with a bar graph or need a review, help them se¢hegraph. It is customary
for the independent variable to be representedheiXtaxis (water
temperature). The Y-axis should be the dependeidhbla (tablet dissolving
time). Student may need to convert total dissoltimgs over one minute to
seconds for purposes of graphing. Demonstratingthoweate a bar graph
from one group’s data on the overhead would beftietgfore each group
constructs their own graph.

In order to collect the class data in 3g, creadata collection chart on the
board or overhead. Have each group report theitteesin activity 3h, read
the criteria aloud for a conclusion. Allow volunte¢o share their conclusions.
Use the language arts strategy of Praise, Questi@hPolish to peer review
conclusions. You may also want to listen to thectusions of several different
students, and then create a class conclusion avvdrbead.

3a. Prediction: If the temperature of the water is then the dissolving time
of the tablet will because

Assessment Rubric

2 = The prediction states a possible outcome oéxperiment with
a logical reason for the outcome chosen.
1 = The prediction states a possible outcome oéxperiment but
lacks a logical reason for the outcome chosen.
0 = All other responses.
3b.
Dissolving Time of Table in Different Water Temperdures
Cup Description of Water| Temperature of Dissolving Time
Temperature Water (°C) (seconds)
A Cold
B Room Temperature
C Hot

Assessment Rubric
2 = Data table is complete with data recorded dindeasurements
are labeled with an appropriate units (e.g., degogeseconds).

1 = Data table is complete with data recordeddaté are not
labeled with appropriate units of measurements,(degrees or
seconds).

0 = Data table is incomplete.

Continued on next page
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Activity 3: Temperature and Dissolving Time, Continued

Evaluation(co  3c. What was the independent variable (variable yangkd on purpose) in

ntinued) this investigation? What was the dependeriabke (i.e., The effect that
was measured or counted.)?

The independent variable is the temperature of the water. The dependent
variableisthe total dissolving time of the tablet.

Assessment Rubric

2 = Both the independent and dependent variablearectly
identified.

1 = Either the independent or the dependent variabtorrectly
identified.

0 = Neither the independent nor the dependentblaria correctly
identified.

3d. Which variables were controlled (kept the samehis experiment?

The controlled variables are the volume of water and the size, type and
number of tablets used.

Assessment Rubric

2 = The response identifies two or more controlladables.
1 = The response identifies at least one controiéadhble.
0 = The response identifies no controlled variables

3e. Was this a well-designed investigation? Why or wby? How would you
rewrite the procedures to make this a well-designvestigation? Look
back at Activity 1 to see what makes an experirt\etl- designed” to hel
answer this question if necessary.

A well-designed investigation follows the scientific process, involves
controlling variables, and uses repeated trials for data collection.

Assessment Rubric

2 = The response identifies the investigation asgoeell-designed
or not with supporting reasons.

1 = The response identifies the investigation asgoeell-designed
or not but lacks supporting reasons.

0 = All other responses.

Continued on next page
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Activity 3: Temperature and Dissolving Time, Continued

Evaluation 3f. A bar graph is used to show counting data — im ¢thse total time. Bar graphs

(continued) show comparisons of data. Createsa graph that shows how the total time it
took for the tablet to dissolve changed as the &atpre of the water changed.
Be sure to:

* include a title that tells what is being displaysdthe graph.

* number the y axes in even intervals (by 1's, 25,1®'s, 20's, etc.).
» label the x and y axes.

» plot the data from the data table carefully.

Use the performance list for “Graphing SafemData” on page 84 of this guide.

3g. Calculate the mean (average) dissolving time &hdemperature (cold,
room temperature, and hot) for all the goin your class in the chart

below.
CLASS DATA FOR DISSOLVING TIMES BASED UPON
TEMPERATURE
TIME (seconds)
GROUP ROOM
NUMBER COLD TEMPERATURE HOT
1
2
3
4
5
6
7
8
MEAN
M=} times/
number of
groups

Now that you have calculated the class means fd; omom temperature and hot
water, graph these data on the graph you creatéd @ompare your group’s
results to the class results.

Continued on next page
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Activity 3: Temperature and Dissolving Time, Continued

Evaluation
(continued)

Check Your
Understanding

54

3h. Write a conclusion for this investigation. Rema&mto refer back to your

guestion, prediction, data, charts, and lggyou summarize what you
found out. Be sure to include the following:

* whether your prediction was supported or not.

* an answer to the original question.

» areference to data collected in the investigation.
« additional things you might want to study.

Assessment Rubric

3 = The conclusion is clear and complete and ireduda statement
of whether the prediction was supported or no&amswer to the
guestion that began the investigation with suppgrtiata, and
additional things that could be tested about dissgltime.

2 = The conclusion is essentially complete but @inthe elements
of a conclusion (listed above) needs improvement.
1 = The conclusion is not complete - one or more ofelleenents of

a conclusion (listed above) has been omitted.

1.

Based upon the investigation “Temperature anddbisyy Time,” you can
conclude that as the temperature increases

B. the Alka-Seltzer dissolves faster.

Why did you use class data in “Temperature andd@ing Time,”to compare

your results? You can
C. review your data for consistency witlothers.

In an investigation, the thing that changes is kmas the
D. independent variable.

Identifying the question, forming a predictj@nd researching are steps in a
D. scientific investigation.

Why are data tables used in scientific inggdions?
A. Organize the data gathered in an invégation.




3-2-1 Lift Off

Assessment/Evaluation

Holistic and Performance List Rubrics

e . & &
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Alka-Seltzer Rocket Design Rubric

Name Date

Task/Assignment

Course/Class

Assessment

Performance Criteria

Points

Self

Teacher

Other(s)

| have successfully completed all investigations
and questions within the module 3-2-1 Lift Off.

| have worked cooperatively with my team
member(s) while completing all investigations
within this module.

| have controlled variables in designing and
launching my rocket

| have clearly identified both the independent a
dependent variables in my final rocket design.

Based upon the knowledge | gained during this
module, | have engineered the best rocket
| can.

| have followed all the safety rules and guidelin

for launching my rockets in my school.

O Comments O Goals

O Actions
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Scientific Drawing (Lantz, 2004)

Name Date Course/Class

Task/Assignment

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

1. My scientific drawing looks similar to what |

observed.
2. lincluded as many details as possible: colors,

textures, shapes, measurements, etc.
3. llabeled all the parts of my scientific drawing.
4. | wrote a title that tells what my scientific draw

shows.
5. | provided a written explanation of what my

scientific drawing is intended to show.
6 My scientific drawing is of an appropriate size f

details to be easily recognized.

O Comments O Goals O Actions
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Graphing Scientific Data (Lantz, 2004)

Name Date

Task/Assignment

Course/Class

Assessment
Performance Criteria Points | Self | Teacher Other(s)
1. lused an appropriate type of grajiar graph,
pictograph, stem-and-leaf, circle graph, line
plot graph, etc)
2. The title of my graph clearly relates to the
information displayed on the graph.
3. lused my data to choose an appropriate interv
number my x axis and y axis (2's, 3's, 5's, 10's,
100's, etc.
4. When placing the numbers on my graph, | spac
them evenly.
5. Ilabeled all the parts of my graph (modules of
measurement, x and y axis, columns, rows, etc
6. My set of data is plotted on the graph accuratel
7. My graph is clear and complete.
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

The responses show an in-depth understanding ¢bphe Relationships
among science facts and concepts are clearly, aehpl and accurately
explained and fully supported with relevant datagnaples, or citations. Ideas
are expressed clearly and succinctly in a logicahner. All aspects of the
questions are addressed. Spelling and languagertons are correctly
applied. Language used in the responses is apptepar the needs of the
audience.

Proficient
3

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

[¢%)

Emergent
2

The responses show a partial understanding obthie.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 alghfogical manner,
making the response difficult to follow. The quess are only partially
addressed. Flaws in spelling and language convenirgerfere. 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 aysmence facts and
concepts are not explained. Little or no suppopras/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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1.

2.

3-2-1 Lift Off Module Test with Answers

Which one of the following is an example of a cheshchange?
D. Wood burning

Tearing a piece of paper is an example of
A. aphysical change

Directions: Read the paragraph below and exammmeliggram of Melting Ice. Then answer
numbers 3 and 4.

3.

Tara put an ice cube in a jar, put the lid onj#inethen placed the jar on a scale. The jar and
the ice cube weighed 3 units as shown in Diagrabelaw. Tara came back one hour later
and the ice cube had melted. Draw an arrow on Brags below to show the weight of the
jar and melted ice cube.

Diagram A Diagram B
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Melting Ice

In the experiment above, the weight in Diagram Briexample of
B. a dependent variable

Pat has two kinds of plant food, "Quickgrow" andip8rgrow.” What would be the best

way for Pat to find out which plant food helps atjgailar type of houseplant grow the

mosP

D. Put some Quickgrow on a few plantput the same amount of Supergrow on a
few other plants of the same type, put all thplants in the same place, and see
which group of plants grows the most.

As an object falls freely, the kinetic energy od thbject
B. increases



7.  An object weighing 500 grams is moved from the ifland placed on a shelf. Doing this has
D. increased its potential energy.

8. A student took three ice cubes from the freezdr@ut them in a glass of
freshly squeezed orange juice. After 10 minutes student tried to take
the ice cubes out of the juice. There was noafte What type of change took place?
B. physical, because the ice cubes rgad into liquid

9. Based upon your work in 3-2-1 Lift Off which defiioin below best describes engineering?
Engineering is
D. the application of science and mathematice the needs of humanity.

10. In the space below, describe how you used STEMamtodule 3-2-1 Lift Off. Be specific
and use examples from your work.

To score this item, refer to the “Brief Constructel Response to Open-Ended
Questions” rubric on page 84 of thisuyde.
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