EE

Q

DOCUMENT RESUME

ED 278 718 T 870 148
AUTHOR Blumberg, Fran; And Others
TITLE A Pilot Study of Higher-Order Thinking Skills

Assessment Techniques in Science and
Mathematics--Part I and Pilot-Tested Tasks--Part I1.
Final Report.

INSTITUTION National Assessment of Educational Progress,
Princeton, NJ.

SPONS AGENCY National Science Foundation, Washington, D.C.; Office
of Educational Research and Improvement (ED),
Washington, DC.

PUB DATE Nov 86

GRANT NIE-G-84-2006-P4

NOTE 534p.; Color photographs may not reproduce
clearly.

PUB TYPE Reports - Research/Technical (143)

EDRS PRICE MF02/PC22 Plus Postage.

DESCRIPTORS Creative Thinking; *Critical Thinking; Educational

Assessment; Elementary Secondary Education; Foreign
Countries; Grade 3; Grade 7; Grade 11; Group Testing;
Individual Testing; *Mathematics Tests; National
Surveys; Pilot Projects; *Pretesting; Problem
Solving; Research Design; *Science Tests; Scoring;
Sex Differences; Skill Analysis; Task Analysis; *Test

Items
IDENTIFIERS *National Aésessment of Educational Progress;
*Thinking Skills; United Kingdom
ABSTRACT
In the 21st century, the population will need to possess basic skills in the areas of communication and
higher probiem-solving as well as have scientific and technological 11iteracy; however, results from

assessments by the National Assessment of Educational Progress (NAEP) have indicated weak student
performance in the area of thinking skills, making inferences from printed material, and interpreting the
meaning of scientific data. The educational community has called for increased emphasis on problem-solvin
and higher order skills in NAEP’s 1885-86 assessment. The goal of a project, as funded to investigate
these thinking skills, was to develop and test a variety of measures for use in a future national
assessment. Part 1 of this pilot project developed and assessed the quality and appropriateness of certai
innovative tasks and procedures to measure the higher-order thinking skills used in science and
mathematics. First, a conceptual framework of higher-order skills used in science and mathematics, then
prototype exercises, including "hands-on" activities, were developed. Some exercises were adapted from
those used succeaessfully by the United Kingdom’s Assessment of Performance Unit in England, Wales, and
Northern Ireland. These efforts resulted in a set of tasks which asked the students to "think" about a
variety of relationships in mathematics and science. Three categories of administrative formats were used
(1) group activities to intact classes, (2) station activities consisting of "hands-on" tasks, and (3)
full investigations which were administered to individual students. Almost 1,000 students in grades 3, 7,
and 11 from 12 districts throughout the country participated. Scoring guides were developed. and student
responses were categorized, entered into the computer, and analyzed. Results showed that students were
rasponding to the tasks, and data conformed to expectations about basic developmental trends in thinking
skills. In Part I1, the pilot-tested tasks are presented individually. The group taskz are presented
first, followed by the station activities, and then the individually administered full invastigations. Th
presentation for each task consists first of the task as the students saw it; followed by clirections for
the administrator and the observation checklist, where these are pertinent; a description of the
apparatus; the scoring guide with illustrative examples of each score level: and summary comments about
the task. The data on which the comments are based included student performance on each task by grade and
by sex and the correlation coefficient between the number right on the mathematics and science 1items and
student data for most of the tasks. Separate analyses by sex were conducted to determine 1f there were an
obvious gender biases in the tasks. No tests for significance were done on the gender results. (JAZ)

RIC

Aruitoxt provided by Eic:



SCOPE OF INTEREST NOTICE

The ERIC Facility has assigned
this document for processing
to:

In our judgment, this document
is also of interest to the Clear-
inghouses noted to the right.
Indexing should reflect their
special points of view.

NATIONAL ASSESSMENT OF EDUCATIONAL PROGRESS

EL278718

A PILOT STUDY OF
HTGHER-ORDER THINKING SKILLS ASSESSMENT TECHNIQUES
IN SCIENCE AND MATHEMATICS

“INAL REPORT - PART I

U.8. DEPARTMEIT OF EDUCATION
Oftice of Educational Research and Improvement

EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC)

)lffhls document has been reproduced as

recewved from the person or organization
oniginating it

NOVEMB ER 1986 0 Minor changes have been made to improve

reproduction Quality.

® Points of view or opinions stated in this docu-
ment do not necessarily represent official

Fr'an B.l umber‘g QERI position or policy
Marion Epstein

Walter MacDonald

Ina Mullis

National Assessment of Educational Progress
CN 6710/Princeton, N.J. 08541-6710, (800) 223-0267

This project was supported by the National Science Foundation through the
Office of Educational Research and Improvement under Grant No.
NIE-G-84-2006-P4. The points of view or opinion expressed in this report are
those of the authors and do not necessarily represent the position of the
Office of Educational Research and Improvement.

The ideas for the majority of the exercises for this project were taken from
questions constructed for the national monitoring of science performance
carried out by the Assessment of Performance Unit in the U.K. We acknowledge
the cooperation of the U.K. Department of Education and Science and of the
unit in the Centre for Educational Studies in King's College London in making
these questions available. However, the questions have been substantially
changed to function with our, very different, framework so that the results
will not be comparable with U.K. results. The U.K. A.P.U. is not responsiule
for the use we have made of their ideas.

) (. o, BEST COPY AVAILABLE

[ZeTm §70 148




Table of Contents

An Overview of NAEP's Pilot Study of Higher-Order Skills
Assessment Techniques in Science and Mathematics . . . .

Chapter
1.
2.
3.

Chapter
1.

~NOTOM A~ WN

Chapter
1.

2
3
4
5.

Chapter

1.
2.
3.
4,
5

Appendix A:
Appendix B:

1 - Assessment Fr‘ameWOPk s * & s s s s s » s s s
Literature Search and First Meeting in Washington
Fi rst Panel Meeti ng - L] - - - L] L] - L] - - - L] - L]

The Framework . . . . . . .

2 - Exercise Development . . .
Second Panel Meeting e s s e e
The Assessment Performance Unit (APU):
Internal Development . . .. .. ..
The Tasks for the Pilot Study .
Obtaining the Apparatus and Equipme .
Development of the Scoring Guides .
OMB Clearance . « v v v o v o » « .

. . C: ®

3 -~ Pilot Testing . .
The Design . . . . .
Obtaining the Sample . . .. .. ..
Recruiting and Training Administrators
Shipping and Administration . . . . .
Debriefing the Administrators . . . .

4 - Analyzing the Data . . .
Scoring and Data Entry . .
Limitations of the Data . .
Analyses Conducted . . . .
Third Advisory Panel Meeting
Summary and Recommendations .

Equipment Listing . . . . . . ..

Background Questions . . . . . .

Science



AN OVERVIEW OF NAEP'S PILOT STUDY OF HIGHER-ORDER
SKILLS ASSESSMENT TECHNIQUES IN SCIENCE AND MATHEMATICS
The planning for NAEP's 1985-86 national assessment of science and
mathematics took place as public concern focused on the quality of elementary
and secondary education in the United States. A number of prestigious reports
critical of the schools sparked unprecedented public debate and calls for

improvement across the country. For example, Educating Americans for the 21st

Century, the veport of the National Science Board Commission on Precollege
Education in Mathematics, Science and Technology, stated, "We must return to
the basics, but the basics of the 21st century are not only reading, writing
and arithmetic. They include communication and higher problem-solving skills,
and scientific and technological literacy--the thinking tools that allow us to
understand the technological world around us. These new basics are needed by

all students... It is interesting to note that much of the impetus for the
national concern about weak student performance in the area of thinking skills
stemmed from NAEP findings. For example, NAEP results indicated more
improvement in the area of basic skills in reading, writing, mathematics, and
science at the three age levels than in making inferences from printed
material, solving mathematics problems, supporting hypotheses, or interpreting
the meaning of scientific data. This evidence, however, was more apparent in
the areas of reading and writing than in mathematics and science.

Because of this ~ational concern, the Assessment Policy Committee, which
governs NAEP and includes teachers, school superintendents, state legislators,
school board members, and representatives froh business and industry, called
for increased emphasis on problem-solving and higher-order skills in NAEP's

1985-86 assessment of mathematics, science, computer competence, and reading.

To this end, staff and consultants set out to concentrate on measuring
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higher-order thinking skills. However, the constraints of s -administered
paper-pencil technology were 1imiting. Particularly in sc NAEP staff
and consultants continually raised ideas based on the prnea.. sed in the
first two science assessments, when NAEP had had the resoure »nduct

assessments of individual students in interview situations using . Hraratus.

It seemed that it would be difficult to gather extensive information about
higher order thinking skills, without the resources to conduct ar assessment
using science equipment. NAEP, therefore, proposed a focuser research project
to the National Science Foundation to investigate higher-order thinking skills
which may be used in science and mathematics and to develop innovative
measures of these skills.

The goal of the project was to develop and pilot test a variety of
innovative measures for use in a future national assessment. During the first
phase of the project, an eieven member panel of representatives from the
fields of mathematics, science, and psychology met with NAEP staff to develop
a conceptual framework of higher-order skills used in science and mathematics.

The second phase, task development, began with a meeting where subject
area specialists met with NAEP staff to develop prototype exercises, including
"hands-on" activities in which students are asked to solve problems, conduct
investigations, or respond to questions using actual materials and equipment.
The development phase also included consultation with and assistance from
members of the United Kingdom's Assessment of Performance Unit (APU) and their
science monitoring staff at Kings College (KQC), London University, and Leeds
University who have done extensive pioneering-work in science assessment.

Many of the exercises pilot tested in this project were adapted from those
used successfully in England, Wales, and Northern Ireland, hut for a different
configuration of age groups and conceptual framework. NASP greatly

appreciates their invaluable cooperation.
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The combined work cf the NAEP panels and staff and the excellent work and
guidance of the APU science team eventually resuited in a set of tasks which
primarily asked students to "think" about a variety of relationships in
mathematics and science, At perhaps the easiest end of the continuum,
students were asked to classify and sort birds, seeds, and vertebrae according
to characteristics of their own choosing.

At the next level, students were given materials, equipment, and/or
apparatus which exemplified particular mathematical or scientific phenomena or
relationships and were asked to observe, infer, and formulate hypotheses. For
example, a rotating arm was used to demonstrate that moving weights from the
ends toward the center of the arm will change the speed of the arm; tubes of
sand to show the relationship between the amount of sand in a tube and the
speed at which it would roll down an incline; a balance scale to show t“e
relationship between weight and distance from the fulcrum; and a hlock
staircase to exemplify the relationship between the height of the staircase
and the total number of blocks required to build it.

Another set of tasks was designed to measure students' ebility to detect
patterns in data sets and interpret the results. For example, students were
asked to collect and interpret data about the effect of different size and
shaped wands on the number and size of soap bubbles; to collect and interpret
data about the ratio of green to red gumballs in a gumball machine; and to
interpret data about participants' scores on several athletic events.

At the most complex level, students were asked to design and conduct
experiments examining a question posed by an édministrator. These experiments
included: determining if sugar cubes dissolve faster than loose sugar and if
stirring makes a difference; deciding which fabric--plastic or wool-- would

keep a person warmer in cold, dry weather; finding out which of several
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different materials would weigh the most if their volumes were equal; and
using peghoards of different lengths and widths to determine how Tength and
width affect the rate of pendulum swing. Students were given very elaborate
equipment to conduct their experiments and the administrator used a checklist
to record student procedures including the number and types of measurements.

Because a major part of this pilot project was to judge the feasibility
of more innovative and complex assessment procedures, NAEP developed as many
different prototypes of administration formats as possible. These can be
classified into three major modes of administration.

Group activities were administered to intact classes. These consisted of

open-ended paper and pencil tasks based on a variety of stimuli. In one case,
the stimuli included a demonstration of an experiment by the exercise
administrator and in the remaining tasks students were given written or
tabular information. As part of the group administrations, students also were
given a brief set of student background questions and a short set of either
mathematics or science items from the 1986 national assessment.

Station activities consisted of "hands-on" tasks which required students

to work with a set of materials and to answer questions based on them. These
activities were divided into two sets of six tesks for each grade level.
Groups cf six students were given the tasks, with students rotating from
activity to activity every eight minutes. One task in each of the sets was
administered by computer. Students received directions for the activity via
the computer and recorded their answers using the computer. The remaining
station activities asked students to use appafatus to investigate

relationships and asked them to record their findings using paper and pencil.
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Full investigatiuns were administered to individual students. The

administrator posed the fuestion, explained the equipment, and used a
checklist to mark student behaviors. Students used the equipment to conduct
their experiments and discussed their findings with the administrators.

Twelve schooi districts agread to participate in the pilot project, and
third-, seventh-, and eleventh grade students were assessed in all four
regions of the country. Within each region an attempt was made to select
schools in middle-income urban, disadvantaged urban, and small city areas.
Twenty-two administratiors were trained during a one week period to administer
the tasks and code the observational check lists for the full investigations.
The pilot test was conducted during April by teams of three administrators,
each burdened with over 100 pounds of equipment and apparatus. The teams
spent a week in each district conducting the pilot study using one class at
each grade level in each of three schools. Almost 1,000 students were
assessed in all, with approximately 100-300 responses obtained for each task.

In the pilot test, every student sampled was given the group exercises.
Approximately three-fourths of the students also responded to one of two sets
of six station activities developed at each grade level. One-fourth
participated in the individually administered investigations.

Scoring guides were developed for all open-ended tasks, and the student
responses were categorized, entered into the computer, and analyzed. The
results of the pilot test were shared with a panel of six advisors and the
tasks were very well received. The panelists suggested revisions to some
tasks, provided advice on how to refine the séoring guidelines, and commented
on the many ways that the data from a national assessment of such tasks could
be analyzed. For example, there was agreement that results would provide

information about how students apprcach such problem-solving tasks, about how
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they think about scientific and mathematical relationships, about student
profiles across tasks, and about differences in performances among various
subpopulations of students. Further, parformance results could be related to

curriculum topics studied, instructional methods, and previous experience.

Summary

NAEP learned many things from the pilot study. Developing assessment
tasks based on equipment and apparatus was much more challenging than we had
anticipated. Conceptualizing and predicting the interaction between the
questions, the apparatus, and the students was difficult and obtaining the
equipment was inordinately time consuming.

Staff additionally had some difficulty in obtaining school cooperation,
because participation required three different areas in which to set up
equipment and involved pulling students from their classrooms either
individually or in small groups. Recruiting and training administrators to
conduct performance oriented assessments involved considerable preparation.
Also, assembling the numerous and bulky pieces of equipment for shipping
across the country was extremely complicated. Finally, when developing
scoring guides very careful thought should be given to maximizing what is
learned.

Nevertheless, staff and consultants came .0 the conclusion that
conducting "hands-on" assessment is feasible and extremely worthwhile.

By building on the experience of the APU science team, staff was able to
develop and pilot a very exciting set of tasks. These tasks not only measured
a variety of thinking skills relevant to mathematics and science learning, but
also covered a range of administration techniques. The schools, students, and
consultants were all very enthusiastic. The students found the materials
engaging and the schools and consultants were more than supportive in

encouraging further use of these kinds of tasks in both instruction and

~ assessment,
9
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The promise of the types of new, useful information that could he
obtained from a "hands-on" national assessment was perhaps the source of most
enthusiasm. NAEP collected the pilot study data to assess the quality and
appropriateness of the tasks rather than levels of student performance. From
this perspective, the results served their purpose. They indicated that
students were responding to the tasks, and in some cases, doing quite well.
Also, the data conformed to expectations about basic developmental trends in
thinking skills: 1) imnroved levels of performance across the three grade
levels, and 2) given the grade-appropriate tasks, students appeared to have
less difficulty with the sorting and classifying tasks than with determining
relationships and conducting reliable experiments,

However, staff and consultants wanted to know much, much more. Questions
abounded about differences in performance for subpopulations, relationships
among thinking skills across tasks, the details about the aparoaches students
used and how those affected performance, and finally the relationships between
performance and previous school and home experiences. Answers to these
questions would provide invaluable information about how to better foster

higher-order thinking skills in today's classrooms.

* k k k kX k k k k& k k k *k k k * k *
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The project described in this report--Research on Innovative Higher Order
Skill Assessment Techniques in Mathematics and Science--has been carried out
by the National Assessment of Educational Progress (NAEP) with support from
the Naticonal Science Foundation (NSF) through the Department of Education's
Office of Educational Research and Improvement (OERI), Center for Educational

Statistics.*

 k k k k k Ak k k k k k k¥ k k % *

Part 1 of this report describes the project. Part II presents the
exercises pilot-tested, each with its scoring guide, sample responses,

description of the equipment needed, and commentary with recommendations.

*Prior to a reorganization of the Nepartment of Education, this project
was under the National Institute of Education (NIE).

11
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CHAPTER 1
ASSESSMENT FRAMEWORK

1. Literature Search and First Meeting in Washington

The initial phase of the NAEP higher order skills research project was a
Titerature search of articles and chapters in the area of problem solving and
students' thinking skills. Specific emphasis was placed on students' higher
order thinking as applied to problem solving in mathematics and science. The
result of this search was a collection of readings that were used to
familiarize NAEP staff with the current research on children's thinking and
other related areas. These readings also were used to brief the advisory
panel asked to help NAEP devise a conceptual framework of students' higher
order thinking in mathematics and science.

Next, NAEP staff met with the OERI higher-order skills project monitor,
the NAEP program officer, and NSF project sponsor to discuss conceptual and
administrative issues related to the project. These issues included
clarification of the research methodology discussed in the original NAEP
proposal, the specific content areas to be covered in the pilot test, the
conceptual models of problem solving which might be adapted as a framework for
students' higher order thinking, and the potential candidates for the first

advisory panel meeting.

2. First Panel Meeting

In July, 1985, an eleven member panel of representatises from the fields
of mathematics, science, and psychology met with NAEP staff to develop a
conceptual framework of thinking skills,

NAEP selected the panelists to include leaders in current work on the
development of higher-order thinking skills in science and mathematics. They

are listed below.

12



Louis Armijo

Audrey Champagne

Randall Charles
Cindy Hrebar
Jeremy Kilpatrick
Richard Mayer
James Minstrell
Howard R. Pollio
James Robinson
Beta Schofield
Gerald Wheeler
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Naval Post Graduate School, Monterey, CA
American Association for the Advancement of
Science, Washington, DC

[11inois State University, Normal, IL

 Jefferson County Schools, Lakewood, CO

University of Georgia, Athens, GA

University of California, Santa Barbara, CA
Mercer I[sland High School, Mercer Island, WA
University of Tennessee, Knoxville, TN
Boulder Valley Schools, Boulder, CO

Kings College, London, England

Montana State University, Bozeman, MT

Additional participants included Geraid Kulm, the program officer at

OERI; Richard Berry, the program director at NSF; and the project staff,
Fran Blumberg, Staff Associate, NAEP; Marion Epstein, Project Coordinator,
NAEP; Walter MacDonald, Science Examiner, ETS; and Ina Mullis, Associate
Director, NAEP,

Several panel members gave brief presentations about their experiences
and research in defining and assessing higher-order thinking.
deta Schofield's description of the pioneering work done by the Assessment
Performance Unit (APU) science team in the United Kingdom was of special
interest. This unit is located in and funded by the Department of Education
and Science. Mrs, Schofield presented the framework the APU science teams
commissioned for the work by the unit and described the APU exercises which

asked students to conduct investigations.

13



-11-

James Minstrell presented & detailed outline of rational, creative and
critical thinking skills that had been developed as part of the Washington
State Guidelines for Science Education. Randall Charlec and Richard Mayer
presented work they had done related to mathematics education.

After much additional discussion, the consultants developed a
very interactive and inclusive framework based on the premise that, at the
most general level, higher order thinking skills are used to formulate a
question, desigii and perform an analytic procedure, and reach a conclusion to
a problem. Further, such thinking was considered to be continuously
self-monitored and evaluated as it occurs during the course of working through
a problem or situation. Finally, subject-matter knowledge, beliefs, and
values also impact upon how effectively an individual employs thinking skills
in a particular situation. The model, as developed, is shown in Figure 1 and

the description prepared by the committee is presented below.

3. The Framework

Introduction

The panel organized the framework for higher-order thinking into aspects,
which interact with the monitoring processes of generating and evaluating.
The aspects are "snapshots" of the dynamic process of investigation or problem
solving. Each is a shorthand label for a group of activities that the panel
felt may be involved in higher order thinking in various situations and

contexts.

The Aspects

The aspects of the model (shown in circles) are what is "done" in science
and mathematics. They are not independent but collectively comprise the
critical parts of the complex network of thinking skills in scierce and
mathematics. Operating within each of the aspects are the thinking processes

\
t

14
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FIGURE 1.
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of generating and evaluating/monitoring which also are operating in the
context of science and mathematics knowledge, beliefs, and the environment.
The environment may include external parameters such as recent experiences,
working conditions, and testing situations, as well as internal parameters
such as personality characteristics and interpersonal reactions. These
environmental parameters also may affect interest, motivation, attitudes,
involvement, perserverance, and cooperation.

Understanding the Problem/Situation refers to initial understanding,

including initial perception of the data, linguistic comprehension of the
problem or situation, translation of the problem into other formats, and
identification of possible outcomes. For example, the initial perception of
the data may include understanding which data are relevant to the problem or
situation. The linguistic comprehension of the problem may include the
ability to communicate the nature of the problem to others. The translation
of the problem may include the ability to look at and understand the problem
in a different context. The identification of possible outcomes may include a
perception of what the problem or situation mandates as well as an “a priori"
estimate of the answer(s).

Develop a Plan or Investigation consists of looking for patterns,

selecting and operationalizing independent and dependent variables,
identifying appropriate strategies, selecting appropriate subgoals, designing
data collection and organization, developing models, drawing pictures,
choosing appropriate apparatus, and other similar skills.

Looking for patterns may include an initial scrutiny for trends or
indication of relationships which may suggest a specific_approach to
investigation. Selecting and operationalizing variables also are necessary

components of designing and planning an investigation. Choosing appropriate

16
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subgoals may be needed in an investigation in which there are many
intermediate results that must be gained before the initial question is
answered or problem is solved. Designing data collection and organization may
include the planning of sampling locations, sampling frequency, and record
keeping. The development of models and drawing pictures are abilities that
may make the progress through a problem or investigation more efficient.

Implementing a Plan refers to the actual performance or "doing" of

science or mathematics. It should be remembered that there may not be sharp
boundaries between these aspects, particularly with developing and
implementing a plan. For example, when carrying out an investigation, a
perceived limitation in the plan may warrant redeveloping the plan. In
addition, it is possible that while developing the plan, the need may be
perceived for a better understanding of the problem or its reformulation.
This "learning while doing" situation is an important feaiure of higher order
thinking in science and mathematics.

Reaching a Goal, dependent upon the original problem or situation, may

include such activities as; determining the answer, drawing conclusions, and
reaching a decision. The ability to determine the answer may include the
discarding of extraneous solutions or the recognition of multiple solutions
when they exist. Drawing conclusions may include the ability to interpret
results, recognize their implications, and knowing when the desired outcomes
have been achieved. This is similar tn the ability to recognize when adequate
information has been obtained when reaching a decision was the initial goal.

Assessing is an averall evaluation of the investigation performance or
problem-solving rather than the ongoing evaluation and monitoring. Inherent
in this aspect are many skills such as reflecting, interpreting results,

generalizing, anticipating, and reporting the findings.

17
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Reflecting includes looking back on the entire body of work and checking.
The checking component of reflecting is the verification of the precise
execution of the original plan and may include repeating scine or all steps of
the problem or investigation, or a review of the process or calculations.
Li-oking back may include assessin§ the reasonableness of the results and
determining whether the original problem or situation has really been
answered. Interpreting results may include noting whether there have been any
unexpected and valuable findings, and determining the significance of the
results. Generalizing may include the ability to recognize patterns in data
or results, to apply them to more complex or different situations, and to
formulate general theories from specific results. Anticipating, based on the
results or generalizations from results, may include looking ahead,
predicting, and recognizing implications for future investigations.

Formulating Problems or Goals includes detailed, precise observations of

facts or results and the initial formulation of hypotheses. For example, t*z
identification of a pattern or the preciction done while assessing may lead to
the formulation of a new hypothesis for investigation. Raw data or a set of
personal observations also may lead to the formulation of a problem or the
setting of a goal without being influenced by a prior investigation.

Again, the entire process is dynamic and the distinctions between the
aspects are fuzzy. Reaching a goal, assessing, and formulating goals will
often blend with each other and problem solving or investigations may require
repeated iterations. Operating within each of these aspects are the
generating and evaluating/monitoring processes. A description of each of

these processes is presented next.

18
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The Generating Processes

Central to and permeating all aspects of higher order thinking is the
ability of the individual to produce novel ideas, situations, approaches, and
possibilities.

There are many ways in which this may happen; historically these ways
have bee split into two major divisions -~ analytic and intuitive. Included
under the analytic category may be inductive and deductive reasoning,
hypothesis rormation, formal modeling, correlating variables, inferring
relationships, and synthesizing observations into concepts. Included in the
intuitive category may be the use of analogy, metaphor, and other non-literal
devices; inexact, qualitative approximation; and imagery (many models
originate from images).

In actual practice, the distinction between the modes are nebulous and
the individual may operate in both modes simultaneously. For example,
discerning a pattern or generalizing observations into new concepts may

include both intuitive and more formal, analytical techniques.

The Evaluating Processes

Evaluating and monitoring are the quality control operations for higher
order cognitive processes. The evaluating/monitoring processes function as
sentinels that check progress through a plan. Have I executed all the
elements of my plan? How do I determine when it makes sense to give up on a
problem or to go to get help from someone else? When do I need to get the

opinion of a peer or teacher on my progress?

19
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Evaluating/monitoring also implies the existence of a standard against
which each product of the processes of problem solving is matched. Standards
are internal and external. External standards for scientific and mathematical
problem solving are discipline specific. They are derived from subject areas
and, thus, there is a need for a strong base of organized content knowledge.
Internal standards are set by the individual's beliefs.

Therefore, it is with the processes of evaluating/monitoring that the
aspects as well as the generating processes of higher order thinking are
controlled and directed. For example, the interaction of evaluating/
monitoring with the generating process is extremely important in winnowing
ideas that are too fanciful and the interaction of evaluating/monitoring with

the various aspects is also important in winnowing unrealistic activities.
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CHAPTER 2
EXERCISE DEVELOPMENT

1. Second Panel Meeting

A seven person panel met to develop prototype tasks and to consider
potential assesswment strategies, hethods of administration, and how the
exercises should be scored. To provide continuity, four members of tne
original panel participated in the meeting--Jeremy Kilpatrick, Richard Mayer,
James Minstrell, and James Robinson. To provide additional perspectives, NAEP
also invited Roberta Flexer, University of Colorado, Boulder, Colorado;
Josephine Davis, Albany State College, Albany, Georgia; and Patricia Murphy,
Deputy Director of the APU science team at King's College, London, England.
(The NAEP staff and the representatives from OERI and NSF were the same as for
the first panel meeting.)

Panel members shared ideas on innovative activities for third-, seventh-,
and eleventh-grade students, including those which would require students to
plan and carry out full problem solving investigations. Many useful ideas for
assessment activities using contexts in mathematics and science were
suggested.

Patricia Murphy contributed many significant comments, caveats, and
suggestions based on her extensive experience with the APU science assessment
over a number of years. The points she made which had a major impact on

exercise development included:

21
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In developing assessment exercises in mathematics and science
contexts, it is necessary to take into consideration external
infiuences which may create gender effects, influence motivation, or
affect students' willingness to complete a given task. For example,
APY found that female-stereotyped activities, such as determining the
most effective flooring for a kitchen, did not engage some of the boys
in their sample.

Because students' views of what is or is not "science" are shaped by
their experiences, they may reformulate a given assessment task to fit
their perception of science and proceed to solve the problem in ways

incompatible with those intended by the assessor. This can have

serious implications for *he scoring, analyzing, and reporting of

student performance. (The APU science teams chose to use open items
to derive a rich source of children's perceptions of, and reactions
to, science tasks. Categories of response were developed to deal with
the data obtained from these items. The categories included typical
hierarchies of response but in addition included alternative but
equally adequate responses as well as a variety of error responses.
Categories of response with these attributes are not readily
scaleable. Consequently, this type of analysis is incompatible with a
goal to report results in a predetermined way. If this is the
priority, then uniformity in students' conceptualization of the
problem is needed to analyze and report results in a standard way
across the sample of respondents, and the goal, when developing
exercises, should be to use contexts which are common enough to be
understandable yet unfamiliar to the extent that students do not have
a leiarned algorithm available to solve the problem.)

v N
ot
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0 APU has found that students are better at actually performing an
investigation to solve a problem than they are at explaining,
verbally, the operations involved in an investigation. Accordingly,
there should be awareness when designing an assessment that ;tudents'
performance may be better on less structured "hands-on" assessment
methods than on more structured paper and pencil and interview
methods.

o Whenever possible, the method of administration of the activities
should be consistent across all age groups to permit better assessment
of developmental change in problem-solving and to get a better
perspective on which types of activities are or are not suitable for a
given age group.

A major issue discussed throughout the meeting was the confounding of
subject-matter background knowledge with the ability to sclve a given problem.
Consequently, in developing tasks, staff and consultants decided to try to
minimize the potential effect of prior knowledge on successful performance.

The panel split into two groups for exercise development, one with an
emphasis on mathematics, the other on science. Each group was responsible for
developing ideas for innovative exercises within their area of emphasis as
well as some that integrated or incorporated concepts from both areas. At the
conclusion of the meeting, the ideas for assessment activities developed were
reviewed and evaluated with particular attention given to administrative
feasibility, administrator training, and equipment needed.

A11 those participating in this developuent process were impressed by the
difficulties involved and were concerned about the short time frame for the
project. It was agreed that it would be desirable to try and benefit more
fully from the higher order skills activities and administration procedures

developed by the APU science team,
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2. The Assessment Performance Unit (APU): Science

As stated previously, NAEP had invited a representative from the
APU science monitoring team to each of the planning conferences. From the
descriptions of the we~k done by the APU provided by these representatives and
previous visits between NAEP and APU staff members, it became apparent that
the project planned by NAEP had aspects in common with parts of the APU
science assessment.

As shown below in Table 1, which presents the category descriptions for
the APU Science Assessment Framework, three of the categories are measured
using "hands-on" or practical assessment techniques. These three are:
Category 2--Use of apparatus and measuring instruments, Category
3--Observation, and Category 6--Performance of investigations.

Since the APU had seven years experience in developing and assessing
performance tasks similar o those envisioned by the NAEP staff and
consultants, a visit to the APU to see their assessment materials seemed very
appropriate. The staff of the APU was more than gracious in preparing for our
visit, having set up & basketball gymnasium full of their performance tasks.
On display, were the questions, administration directions when appropriate,
complete sets of the apparatus, and scoring guides. NAEP staff were left to
"self-administer" the many hands-on tasks and the APU staff were available for

questions.
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Table 1.
The APU Science Assessment Framework*

The Categories of Science Performance

-------_----------------u-----------_---_---_-------------------—-----—_-_---m

Category Sub-categories Mode of
Testing
1 Use of graphical - reading information from graphs, written
and symbolic tables and charts tests
representation - representing information as graphs,

tables and charts

2 Use of apparatus - using measuring instruments practical
and measuring - estimating physical quantities tests
instruments - following instructions for

practical work

3 Observation - making and interpreting practical
observations tests
4 Interpretation - I interpreting presented information written
and tests
application

- 11 applying: biology concepts
physics concepts
chemistry concepts

5 Planning of - planning parts of investigations written
investigations - planning entire investigations tests
6 Performance of - performing entire investigations individual-
investigations practical
tests

----—-----------------------------—-------------r«----------------------_-----

*Science in Schools, Ages 13 and 15: Report No. 3, Assessment of
Performance Unit, Department of Education and Science, ©. Crown
copyright 1985.
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NAEP staff were very experienced in test development, yet in the week
spent working through the APU materials, the overwhelming nature of developing
and assessing materials of such quality and complexity became clear.

It became apparent that NAEP was not going to be able to develop more than a
relatively small portion of such fasks in the short time proposed for the
higher order skills project. Designing the apparatus alone would be a

. monumental task. Thus, NAEP entered into an arrangement for further suppert
from the APU for both consultant help and use of some of their copyrighted
materials. This arrangement enabled NAEP to benefit from some already
validated materials for use in piloting these tasks in American schools, and
to focus on developing new exercises such as those involving computers and
those assessing higher order skills in mathematical contexts.

Some difficulties did arise because of a certain dissonance between the
goals of the APU Science Assessment and NAEP's higher-order skills assessment
project. First, the APU routinely conducts their science assessment based on
all six categories shown above in an integrated way. Unfortunately, because
of lack of resources, NAEP has not been able to conduct a science assessment
that included hands-on work with apparatus since the second assessment
conducted in 1972-73. NAEP simply did not have the resources to include these
types of items in the regularly scheduled science assessment conducted in
1985-86 and was working on such tasks separately, rather than in the context
of the full science assessment. In fact, this omission in our more recent
science assessments was an impetus to the project proposal. Second, NAEP had
received a mandate from its governing body, the Assessment Policy Committee,
to focus on the assessment of higher-order skills in both the 1935-86
mathematics and science assessments. This had proved somewhat difficult using

paper and pencil technology within the restraints of the overall research
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design and resource limitations, T4 e APU science team was using hands-on
performance tasks to measure specific science skills as described in their
assessment framework. For NAEP, the emphasis needed to be on the thinking
skills involved as opposed to science content, although the two are not
independent,

However, it should be noted that both the NAEP and APU science assessment
frameworks emphasize skills as well as content. A spectrum of skills, from
basic to higher order ones, is reflected in the APU science categories 1 to 6
(Table 1). This spectrum of skills forms the central theme of the whole
national monitoring program in science in the United Kingdom. In the APU
science assessment where the emphasis in the tasks is on the assessment of
skills, content is used as a vehicle for their deployment. There is no
requirement in these tasks for the pupils to explain the influence of the
content. The assessment of children's underscanding of scientific knowledge
is done in Category 4ii of the Assessment Framework (Table 1). 1In this
category, pupils have to recall, apply and explain their conceptual
understanding.

After further discussion, it was resolved that NAEP could revise and
modify materials developed by the APU for their Category 3--Observation, but
that M8EP would try to replicate any Category 6--Performance of Investigations
materials as faithfully as possible withir the constraints of our time and
resources. NAEP is grateful for the continuing support of the APU science

monitoring team throughout the many phases of this pilot project.
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3. Internal Development

After the exercise development panel meeting, staff sent copies of the
framework to mathematics and science examiners within ETS and requested
additional suggestions for innovative tasks to assess higher-order skills in
these disciplines. At the same tfme, staff began intensive review of the
panel's suggestions fer activities and of the more fully specified tasks.

It was decided that the pilot testing should include three types of
administrations - paper and pencil tasks that could be administered in a group
setting; short, self-administered "hands-on" tasks with several activities
set-up at stations in a room and students conducting the activities on a
rotating basis; and full investigations administered to individuai students.
Although the panel had been especially interested in the full investigations,
the staff recognized that the project could not afford testing more thar two
or three full investigations at each grade. Therefore, some of the tasks
developed by the panel were converted to station exercises. Some additional
exercises were developed by the staff and tasks proposed by the panei were
fleshed ocut and refined. In some cases, tasks had to be discarded because the
equipment required would be too complex.

The project staff considered all the available tasks, including those
newly developed and a selected subset of those developed by the APU science
team. They identified those newly developed exercises that could be converted
to group administration, selected the full investigations for individual
administration, and made an initial selection of more than enough station
activities for two sets of six stations for each grade.

A concentrated period of reviewing and revising the selected tasks
followed. Given the time frame for the project, there would have been

difficulties in meeting the schedule for federal agency reviews of the tasks,
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printing the booklets, training administrators, and carrying out the

pilot testing without the invaluable cooperation of the APU science team. The
ideas for more than half the tasks were taken from exercises developed by the
APU for their national monitoring of science performance. However, many of
these exercises were substantially changed to function with NAEP's very
different framework and it should be noted that the APU is not responsible for
the altered use of their ideas in this project. Five group exercises, six
station activities, and one full investigation were completely developed by
NAEP staff.

The exercise development panel had recommended administering some of the
mathematical exercises by computer. They suggested that students could
estimate the ratio of red to green gumballs based on repeated drawings from a
gumball machine and that students could work number games appropriate to their
age level similar to the mathematical game of "Nim." Scripts were written for
the two exercises at grade 3 and cwo similar tasks for grades 7 and 11,
Programs were written for Apple II series computers because more schools have
these than any other type of computer. NAEP and ETS staff set the
specifications and wrote: the BASIC computer coding for these programs.

Programs were reviewed, tried out, and further revised.

4. The Tasks for the Pilot Study

The combined work of the NAEP panels, ETS staff, and the excellent
materials and guidance provided by the APU science team eventually led the
project staff to select a set of tasks which primarily asked students to
“think" about a variety of relationships in mathematics and science. At
perhaps the least difficult end of the continuum, the tasks asked students tc
classify and sort birds, seeds, and vertebrae according to characteristics of

their own choosing. While biologists have given such schemes much thought and
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it was hoped students might think 1ike biologists, the goal was to assess
flexibility and an ability to think of alternative ways of sorting or
classifying.

At the next level, the tasks were based on materials, equipment, and/or
apparatus which exemplified particular known mathematical or scientific
phenomena or relationships. The students were asked to work with the
equipment and observe, infer, and formulate hypotheses. For example, the
whiriybird apparatus was used to demonstrate that moving weights from the ends
toward the center of the arm will change the speed of the whirlybird arm;
tubes with sand were used to show the relationship between the amount of sand
in a tube and the speed at which it would roll down an incline; a "wig-wag"
apparatus to show the relationship between the amount of weight placed in a
flexible tray and the speed and amplitude of its swing; and a double staircase
of blocks to exemplify the relationship between the height of the staircase
and the total number of blocks required tc build it.

Another set of tasks was designed to measure students' ability to detect
patterns in data sets and interpret the results. For example, students were
asked to collect and interpret data about the effect of different size and
shaped wands on the number and size of soap bubbles; to collect and interpret
data about the ratio of green to red gumballs in a gumball machine; and to
interpret data about participants' scores on several athletic events.

Finally, individual students were asked to conduct full investigations.
In Sugar Cubes they were asked to determine if sugar cubes dissolve faster
than loose sugar and if stirring makes a difference. Survival required them
to determine which fabric--plastic or wool--would keep a person warmer in
cold, dry weather. Density asked them to determine which of three materials

of different size and shape would weigh the most if their volumes were equal.
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In Pegboards, students were asked to use boards of different lengths and
widths to determine how length and width affect the rate of pendulum swing.
For these tasks, observers marked student behaviors on a checklist.

The tasks by thinking skill and administration type are listed in
Table 2. Al1 the pilot-tested tasks appear in Part Il of this report exactly
as they were presented to the students, with their scoring guides, sample
responses, description of the apparatus, summary comments, and pilot-test
data. In addition, a brief set of student background questions was devised so
that the pilot-test sample could be described. These, along with the results,
are included in Appendix B. For linking and research purposes, at each grade
lTevel a small set of about 20 items each of science and mathematics exercises
from NAEP's spring 1986 national assessment was selected to be part of the

pilot administrations. (These items are secure.)

5. Obtaining the Apparatus and Equipment

The majority of the exercises developed for the project were "hands-on"
and required the use of apparatus and equipment. These materials were either
purchased from supply houses or devised by NAEP and ETS staff.

During the October visit to the APU science team at Kings College (KQC),
London, NAEP staff learned that the APU Science team worked with Philip Harris
Ltd. and this company was contracted to assemble, package, and ship selected
materials based on APU specifications. The equipment that arrived at NAEP
early in March included multiple sets of each of the following: Whirlybird (a

group exercise); Sand and Tubes, Rolling Funnels, Wig-Wag, Water-on-Brick,

Bubbles, Tubes and Capillarity, Conductivity,'Magnet and Compass, and Sugar

Cubes (station exercises); Sugar Cubes, Pegboards, and Survival (ful

investigation exercises). (The apparatus for Sugar Cubes as a station
exercise for grade 7 is the same as for the full investigaticn for grade 3.)

Pictures of the apparatus are included in Part Il of this report.
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Thinking/Inferenci
Skills

Table 2.

NAEP Pilot Study Thinking/Inferencing Skills by Administration Type

Administration Types

ng
Grop

Sorting, Classifying
(distinguishing
patterns within a

single class of items)

- Observing, Inferencin

" and Formulating
Hypotheses based

on mathematical and
scientific principles

0 Whirlybird (3,7)
Number Relationships (7,11)
Restaurant (7.11)

(inferring relationships
between an independent
and dependent variable)

Interpreting data
(inferring patterns
in results)

Designing and Conduct
an experiment

32

. Hair Color {3)
Triathlon (3,7,11)

ing Heart Rate and Exercise (11)
(designing only)

Station Individua

Birds (classify) (3)
Birds (sort) (3)

Seeds (classify) (3,7,11)
Vertebrae (sort) (11)
Seed: (sort) (7)

Sand and Tubes (3,7,11)
RoTling Funnels (3,7,11)
Circle Game (3)

Number Game (7,11)

Wig-Wag (3,7)

Water on Brick (3)

Balance Scale (7,11)

Double Staircase (3,7,11)
Tubes and Capillarity (7,11)
Conductivity (11)

Gunball Game (3,7,11)
Bubbles (3,7,11)
Magnet and Compass (11)

Sugar Cubes (7)
Magnets (3)

Sugar Cubes (3)

Survival (7,11)
Density (7,11)

Pegboards (3,7,11)
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NAEP and ETS staff devised the materials and apparatus for the other

station exercises: Gumballs, Circle Game, Numbers Game, Balance Scale, Double

Staircase, Magnets, Birds (classify), Birds (sort), Seeds (classify), Seeds

(sort), and Vertebrae, and for the other full investigation exercise, Density.

Gumballs, Circle Game, and Numbers Game were the station exercises

developed for self-administration using an Apple II computer. Twelve
operational and 12 back-up disks were prepared for each program at each grade
level.

For Balance Scale, the scale was designed and made at ETS. The unknown

weight was a plastic film canister fiiled with gravel. For Double Staircase,

stock Tumber was purchased, hundreds of wooden blocks were cut, and double
staircases were assembled.

For Magnets, disk magnets were purchased at Edmund Scientific Co,
Barrington, NJ. Eight disk magnets were glued together to make strong magnets
whereas non-magnetic washers were sandwiched betweei two disk magnets to make
weak magnets. Both types of magnets were dipped in paint to give a uniform
external appearance.

For Birds (sort), small, colored drawings of seven species of small,

berching birds were purchased and mounted on cardboard. For Birds (classify),

colored photographs of four species of waterfowl were acquired and mcunted on

cardboard. The seeds selected for Seeds (sort) and Seeds (classify) included

caraway, cumin, fennel, black peppercorns, all spice, white peppercorns,
millet, yellow mustard, and fenugreek. A1l of the seeds were purchased at a
local food store.

For Vertebrae, four cervical, three thoracic, and four lumbar vertebrae
comprised each set of bones. The bones were ordered from Connecticut Valley

‘Biological Supply Co. in Holyoke, MA.
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Density required three blocks of different shapes and sizes, made of
woods with significantly different densities. NAEP staff acquired the woods,
cut them to size and shape and painted them for external uniformity. A scale
was purchased from Edmund Scientific for weighing blocks. Rulers and solar
calculators were purchased for measuring volumes and calculating results.

Utility kits and ancillary materials were provided for the administrators
to assess, to repair, and to refurbish all exercises. All the equipment and
ancillary materials ar.. listed in Appendix A.

Developing and acquiring the apparatus and equipment for this project
consumed far more time end resources than had been anticipated. Because of
the novelty and innovativeness of these exercises, a trial and error approach
was applied to their development. There were many "brain storming" sessions
to devise adequate designs for the apparatus. These sessions were often
followed by many "scavenger-hunt" days to find suitable materials. An aspect
which had to be carefully considered during this project concerned the
packaging and shipping of the exercises. Restraint was exercised to control
the size and weight of the equipment for individual exercises in order to

contain shipping costs and keep the materials manageable for administrators.

6. Development of the Scoring Guides

A1l the tasks were developed with corresponding scoring guides. Because
many of the exercises were adapted from the APU science project, some of the
scoring guides also were based on the guides provided by the APU science team.

Most of the tasks had more than one part and each part was scored
separately. Student responses to some parts were simply scored correct or
incorrect; for exampla, the right number of blocks of the staircase or the
correct mathematical equation. Other parts were scored using a continuum

which took into account correctness, completeness, and level of cognitive

.
- v
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sophistication. For example, the relationship between the amount of sand in
the tubes and the speed the tubes rolled down the incline could have been
arroneously stated, partially stated, or completely and accurately stated.

A1l scoring guides, including those modeled after the APU, were developed
over the course of several stages of review and refinement. NAEP and ETS
staff reviewed and revised the guides as did members of the APU science team.
Attention was paid to the recommendations made by the APU science team;
nevertheless, the changes made to the original APU items and scoring guides
meant that the final results for the group and station exercises were quite
different. The final stage of scoring guide development involved revisions
based on actual student responses to the exercises. Because we were unable to
predict the complete range of student responses before the administration,
tne final revisions helped the guides better represent those responses

students gave during the field test.

7. OMB Ciearance

As a federally funded agency responsible to OERI, NAEP is responsible for
submitting all field tegt materials to OERI and to the Office of Management
and Budget (OMB) for clearance.

In fulfillment of this obligation, NAEP prepared a clearance package for
review in early December, 1985. This package consisted of a copy of all
pilot-test exercises, including the NAEP mathematics and science blocks, a
Justification for the higher-order skills project, and an outline of the

pilot-test methodoiogy and analyses to be conducted.



-33-

Upon receipt of the clearance package, OERI staff conducted an initial
review of the tasks and made many suggestions for revising and reformatting
the exercises. Because of the extensiveness of the suggestions, a meeting was
scheduiad in Washington between the OERI project monitor and a member of the
NAEP staff working on the project to discuss the suggested changeé and make
the necessary revisions.

Clearance was obtained from OMB in March, 1986.
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CHAPTER 3
PILOT TESTING

1. The Design

The design for administering.the pilot study took into account the fact
that the project's requirements placed heavy demands on the time and
facilities of cooperating school districts and on the time of participating
students. The essential elements of the plan were:

o To minimize travel costs, each participating district was asked to
make available one class of students at zach of the three grade
levels.

o All classes in the sample participated in a half-hour administration
consisting of a brief set of background questions, a l4-minute set of
either mathematics or science exercises from NAEP's 1986 national
assessment, and 15 minutes of newly develcped paper-and-pencil
free-response exercises. These booklets were spiralled in each
district: every other student was given a booklet with the mathematics
items, and every other student a booklet with science items.

0 All students in the sample either participated in full investigations
on a one-to-one basis with an administrator or in station activities
in a group of six students. A1l of the individually administered full
investigations were pilot tested in all districts. The two
investigations for grade 3 were given to the same students in one 55
minute session. NAEP administered the same three investigations at
both grades 7 and 11. Some students were given two investigations in
one 55 minute session while others were administered a single longer
investigation in a similar time frame. (ire APU administration
allowed the same average time for each investigaticn and the same

number to be completed by each student.)
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o To conduct the station administrations, six stations were to be set up
around a room and students worked on each activity for eight minutes
before being rotated to the next station. In each district, the goal
was to administer the station activities to at least three sets of six
students at each grade.

o Because of the large amount of equipment required for the stations the
station activities were divided into two sets, A and B, with the sets
balanced to assess similar skills. Only one of the sets was
administered in a given district.

ATl the exercises pilot-tested are shown in Table 3 by administration

type and by grade level,
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Table 3.
Pilot-Test Tasks by Administration Type and Grade Level

Group Exercises

Grade 3 Grade 7 Grade 11
1. Whirlybird* 1. Whirlybird* l. Triathlon
2. Hair Color 2. Triathlon 2. Number Relationships
3. Triathlon 3. Number Relationships 3. Restaurant
4. Restaurant 4. Heart Rate and
Exercise
*Demonstrated by an administrator
Station Activities
A Stations
Station Grade 3 Grade 7 Grade 11
1 Gumballs, Grade 3* Gumballs, Grade 7, 11* Gumballs, Grade 7, 11*
2 Sand and Tubes Sand and Tubes Sand and Tubes
3 Birds (classify) Seeds (classify) Seeds (classify)
4 . Bubbles Bubbles Bubbies
5 Double Staircase Double Staircase Double Staircase
6 Water on Brick Sugar Cubes Magnet and Compass
B Stations
Station Grade 3 Grade 7 Grade 11
1 Circle Game* Number Game* Number Game*
2 Rolling Funnels Rolling Funnels Rolling Funnels
3 Birds (sort) Seeds (sort) Vertebrae
4 Magnets Wig-Wag Conductivity
5 Wig-Wag Tubes and Capillarity Tubes and Capillarity
6 Seeds (classify) Balance Scale 8alance Scale

*Administered on Apple II series computers.

Full Investigations

Grade 3 Girades 7 and 11
Pegboards (30 minutes) Pegboards (30 minutes)
Sugar Cubes (25 minutes) Density (25 minutes)

Survival (55 minutes)
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2. Obtaining the Sample

The first phase of pilot testing involved selecting testing sites. These
sites were drawn from districts in each of four regions: Northeast,
Southeast, Central, and West. Within each of these regions, districts were
selected from middle-income urban, disadvantaged urban, and small city areas.
The only stipulation placed on the selection was that a school district not be
part of the NAEP 1985-86 national assessment sample. Initially, 48 school
districts were identified, 12 for each national region. Within the 12, four
districts were representative of each of the three sizes and types of
community. An additional check was made with the QED School Guide for 1985-86
t2 ensure that each of the selected districts had access to Apple II or Apple
IT compatible computers which were necessary for some of the station
activities.

The initial contact within a district was made with the school
superintendent by telephone. Staff gave the superintendert a brief overview
of the project, discussed the goals of the pilot test, and explained the
various requisites for participation. A1l interested superintendents were
sent more detailed information about the project and the pilot te~ting. These
superintendents then were contacted again, and, if willing to participate in
the project, were asked to designate a person to help schedule the school
administrations. Each district was asked to provide three classes of
students; one each at third, seventh, and eleventh grade. NAEP also asked
that the c¢lass size be about 24-30 students and that the classes be drawn from
the general school population (i.e., not an hanors class or special education

class).

41



-38-

The third contact in each district was frequently made with the Director
of Research within the district, or in a few cases, with the principals of the
schools selected for pilot testiny. If it was the research director, staff
requested the names of the principals of the schools selected and.also asked
which week within a specified four-week period would be most convenient for
pilot testing. A1l testing for this project was conducted between March 17 -
April 11, 1986.

The final contact was made with the principals of each of the
participating schools to determine which days of the selected week would be
most convenient for testing. A1l schools were told that testing would last up
to a day iund a half.

Because of the relatively short time available for advance notice and the
complexity of the project, obtaining cooperation was difficult. Yet, 12
districts were secured for the pilot test. These districts represented each
of the four regions and the three types of communities within all but one of

those regions.

3. Recruiting and Training Administrators

t

In preparing to train administrators for the pilot study, project staff

combined NAEP procedures and APU procedures. The APU used practicing science
teachers to administer the "hands-on" tests. This was seen to be particularly
important as the administrators had to be able to distinguish what was
significant and relevant about pupils' actions. Furthermore, the training of
the administrators was intensive and was restricted to only one or two
investigations at most and a single category test. NAEP, on the other hand,
has a tradicion of hiring and training administrators to minimize the burden
on the schools. However, we did conduct as intensive a training session as

possible and restricted the responsibilities of the administrators to a

42



-39-

reasonéb]e number of tasks. NAEP and APU science team staff trained 22
administrators to conduct the pilot test. Fourteen of these administrators
were recruited through an agency which advertised for temporary research
assistants with backgrounds in primary and/or secondary mathematics, science
education, ot experience with children. The applicants selected for
interviews were all college graduates with experience in either mathematics,
science, or related areas. The remaining eight administrators were drawn from
NAEP and ETS staff.

NAEP trained the administrators in a five-day session held during the
week prior to pilot testing. The APU Deputy Project Director, who had come
from London to assist in the training, had many fine points to improve the
structure and administration of the session. The first day for all
administrators was dedicated to an overview of NAEP, the higher-order skills
project, and the administration of the group activities. After the first day,
the session was designed so that half of the week was devoted to training on
the station exercises and the remainder of the week was devoted to training on
the full investigations. Eight of the administrators were trained during the
first half of the week on the station exercises. The fourteen administrators
recruited through the agency were trained during the later half of the week on
the full investigations. The goal was to have administrators specialize in
one specific type of field test activity so that it would be administered as
reliably as possible. For example, within the full investigations, half of
the fourteen administrators were trained on two full investigations (§ggg£

Cubes and Survival) and the remaining seven investigators were trained on

three full investigations (Sugar Cubes, Pegboard, and Density).

Staff developed an administration manuai for use by the administrators

during the training. Later, the manual was used for reference in the field.
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4., Shipping and Administration

A1l bulky materials, including the station equipment, full investigation
equipment, ana the test booklets, were shipped from ETS to the first testing
site in each district. The administrators were responsible for hand-carrying
the small or fragile materials for a few exercises and for copies of the full
investigation scripts and checklists. Once the shipped materials had arrived
in a district, the administrators were responsible for transporting the
materials from site to site. A1l shipped materials were sent back to ETS at
the conclusion of testing in each district.

Three administrators were responsible for all pilot-test activities
within a district. One administrator was responsibie for the group exercises
and two or three full investigations, one for the other full investigations
only, and one for the station activities only. The group exercises were
administered first in each school. These exercises were given to students in
their classrooms. While the group exercises were administered, the other two
administrators were responsible for setting up equipment in the taree testing
areas predesignated by the school principals. The administrator responsible
for the station exercises set up the six individual stations in one large
testing area. The administrator responsible for the full investigations set
up that necessary equipment in each of the two smaller areas.

Before the group administration, each student was assigned an identifying
code indicating grade, district, and number within grade and was instructed to
enter this code on all booklets and response sheets used. Following the group
administration, groups of eight students were released from their classrooms
and sent to one of the three testing areas. Six students were assigned to the
station exercises in the large testing area. The remaining two students were

each sent to one of the other two testing areas and asked to complete either
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one or two full investigations. For each investigation, the administrator
presented the problem and recorded the student's actions on a behavioral
checklist while the student worked. Immediately following the investigation,
the administrator asked questions which probed the student's understanding of
the problem and his/her findings.

A1l students then returned to their classrooms and the next group of
eight was sent to the testing areas. After the last set of students was
assessed, the administrators packed up the equipment, collected the booklets,
and prepared for the next testing site.

A11 school principals and other designated school personnel were thanked
at the conclusion of the testing in their school. Many of the school staff
were interested in the project and eager to discuss it with the
administrators. Letters of appreciation also were sent to the district
superintendent and to all the individual schools after the pilot testing was

over.

5, Debriefing the Administrators

About one month after the last week of testing, NAEP invited the
administrators for a debriefing session. The purpose of the meeting was to
discuss the administrators' experiences during the pilot study. The following
topics were discussed: 1) the administrators' impressions of how well the
exercises worked as judged by the students' understanding and involvement in
the task, and 2) how the logistics of the activities and equipment influenced
the efficiency of the pilot test. A form, which the administrators were to
fill out and return to NAEP, considered the 1dgistica1 issues in more detail,
This form was based on one that was originally used by the APU science team

for their debriefing sessions.
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During the two and one-half hour discussion, the administrators provided
specifics about the efficacy of the various exercises and how they might be
revised for future use. For example, in discuscing the group exercises the
administrators reported that the vocabulary tended to be too difficult for the
third grade students. They reported that the younger students also had
difficulty understanding some of the tasks, particularly the Whirlybird which
was originally used with older children in the APU science sample.

For the station exercises, the administrators reported no problems in
moving the students from station to station. However, they did report that
not all exercises required eight minutes and that students had difficulty

understanding the resources for Seeds (sort) (grade 7) and Birds (sort) (grade

3). Although students at all grades enjoyed the computer exercises, many of
the students were unable to complete the exercises in the allotted time. The
administrators also noted a lack of clarity in the instructions for a few of
the exercises. Finally, they made several good suggestions about the
equipment: improve the hooks on the balance scale and provice plastic rather
than glass equipment. (If glass equipment is used, be sure to provide
replacement beakers and tubes.)

When discussing the full investigations, the administrators noted that
many of the younger students had difficulty with the concepts used in the
problems (i.e., “dissolving” in Sugar Cubes at grade 3). In a few instances,
the younger students only used those behaviors demonstrated by the

administrator during the problem introduction. Also, some third-grade

.students had difficulty completing the response sheets. An additional issue

raised concerned the appropriateness of prompting students when they appeared
to be at standstill in conducting the full investigations. The APU has

administered the investigations in two ways, with and without a set of

46



-43-

scripted, structured prompts. NAEP decided not to have prompts; but, in the
pilot study some administrators prompted the students into working on the
investigations after an unusually long pause in work or when a student was
unclear about the task. This seemed much less awkward and it was suggested
that a standardized prompt be included in the administrator's scripts in
future assessments.

The administrators also discussed the effectiveness of the training
materials. The administrators noted that they would have appreciated more dry
runs in the training and some "dress rehearsals" with children, if possible.
The APU training sessions for the full investigations involved the
administrators in coding checklists while observing video tapes of pupils and
finally with actual pupils. The reliability of the administrators was
determined during the training session. It was found essential to provide
administrators with lists of typical coding errors so that they could check on
their own consistency while in the field. In addition all checklists were
checked by APU personnel for internal consistency prior to being put on the
computer. The checklists were designed to make administrator errors obvious.

Topics that were briefly covered included the educational caliber of
students in the field test, the unrepresentative classes provided in two
scheols, and how to improve communications with the individual schools prior
to testing.

In general, the administrators reported that most of the students were
highly motivated and willing to participate and that the schools were very

interested in the project.
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CHAPTER 4
ANALYZING THE DATA

1. Scoring and Data Entry

A. Scoring

NAEP and ETS staff membérs scored the student responses. A training
session was held to ensure that all scorers were in agreement about the
definition of each score point. Involved staff discussed the scoring
guides for each of the exercises and how they should be applied to student
responses. Sample papers were used to familiarize scorers with the types
of student responses to each of the different questions. To conduct
reliable scoring, scorers reviewed samples until achieving consensus on
each score point.

Scorers were responsible for placing their assigned scores in the
test booklets beside the student responses. For the computer administered
exercises, the printout of the student respon’.s was scoered in the same
way. Because the score ranges were different .cross exercises and
exercise parts and because NAEP was most interested in the cognitive
skills demonstrated.by the particular exercise 1irts, total scores were
not provided for multi-part exercises. Reliebility was monitored by
having project staff periodically review scorec ..oklets.

A1l scoring was completed in igproxi =~  three weeks.

B. Data Entry and Organization

Staff began scoring, organizing, and entering the data while actual
administration of the assessment was still underway, with this activity
continuing until several weeks after data cnllection had been completed.

Data entry was divided into three principal tasks. The first involved
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organizing the data into a format that would both facilitate the data
analysis and minimize storage costs by avoiding excessive redundancy.
With this in mind, the data was divided among twelve files containing the
following information:

1) HOSCODES Information about which activities were completed by

each student;

2) HOSMA3 Grade 3 mathematics and group data;

3) HOSMA?7 Grade 7 mathematics and group data;

4) HOSMA1ll Grade 11 mathematics and group data;

5) HOSSCI3 Grade 3 science and group data;

6) HOSSCI? Grade 7 science and group data;

7) HOSSCI1l Grade 11 science and group data;

8) HOSCIRC Data from the station administration;

9) HOSSUGAR Data from the “Sugar Cubes" full investigation;
10) HOSPEGBD Data from the "Pegboards" full investigation;
11) HOSDENSI Data from the "Density" full investigatica;
12) HOSSURVI Data from the "Survival" full investigation;

The second task required developing a data entry system to permit
easy input and modification of the data. This system was written using a
menu driven concept that effectively isolated data in each of the files
described above whiie ailowing easy access to individual student records
through the use of the student codes.

NAEP used the SAS statistical package to generate encrypted data sets
that contained rc’ only the raw data, but also summary statistics for each
of the portions of the assessment. For the 1986 NAEP assessment items
given as the first part of the group administration, these summary

statistics included the answer key for each cognitive item, the number of

43




-46-

items each student answered correctly, the number omitted. and the number
not reached. Similar summary statistics were generated for the group and
station activities and for the full investigations.

Two research assistants were responsible for entering the data on a
VT100 terminal which was used with a modem to access the Princeton
University mainframe. Data was entered twice whenever possible to ensure

that all scores were entered accurately,

2. The Limitations of the Data

The purpose of the pilot test was two-fold. First, NAEP wanted to see if
it would be possible to field such complex materials, even on a limited scale.
Because this type of assessment is very rare in the United States, managing
the equipment involved, obtaining school cooperation, training administrators,
and actually collecting students' responses all were special hurdles. Second,
if the logistics of the administration went well, NAEP wanted to know if these
types of tasks would be appropriate for an actual national assessment. More
specifically:

0 Did students appear to understand the questions and equipment?

0 Did the difficulty level of the tasks appear appropriate to the grade

levels sampled?

0 Were students motivated by the tasks?

0 Could we detect any evidence of systematic bias?

0 Did the results seem to make sense from the perspective of what the

tasks were designed to measure?

0 MWould the results of a national assessment yield useful information?

The data obtained from the pilot study were adequate for most of these
purposes. A total of 907 students responded to the pilot test materials.

Data were available for 286 third-grade students, 317 seventh-grade students,

50




-47-

and 304 eleventh-grade students. A1l students participated in the group
administraticis, but the sample sizes for the "hands-on" tasks were smaller.
The logistics involved in pulling students from their classes and the
constraints of conducting these "hands-on" sessions within the school schedule
meant that fewer students than aﬁticipated were assessed in the time allowed.
We had hoped that one-half of the students, about 150, would participate in
each set of station activities developed for that grade level. In actuality,
the sample sizes are closer to 100 students for each station activity. The
individual administrations seemed to be even more time consuming and the
sample sizes on those tasks range from about 50 to 80 students across the
grade leveis.

Further, it must be stressed that this sample was not a representative
probability sample. It was based on districts selected to give us a range of
students, not in the proportions that reflect national population
characteristics, but so we could tell if the exercises would be appropriate
for low- as well as nigh-ability students. Also, the pilot-test sample was
based on voluntary participation by the districts drawn in the initial
descriptive sample. It seems reasonable in terms of demographics: at each
grade level about one-half were male and one-half female; and about 70 percent
were white students and 30 percent were minorities. In addition, the sample
contained some students with little previous science or mathematics experience
and others who reported a range of science and mathematics coursework. The

background questions asked at each grade appear in Appendix B.
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Finally, it should be noted that even when NAEP conducts national
assessments based on a deeply stratified, multi-stage random probability
samples, it does not obtain reliable results for individual students, only for

groups of students. The results from the pilot test cannot be used to make

Judgments about student performance. They can only be used to make judgments

about the tasks.

3. Analyses Conducted

Because the purpose of the pilot test was to obtain information about the
appropriateness of the tasks, nct reliable information about student
performance, the small, unrepresentative sample limited the types of
meaningful analyses that could be performed. NAEP computed the percentage of
students responding to each part of each exercise at each sccre level.

Results also were analyzed by gender, but information about any other
subpopulations would have been based on very small cell sizes.

As mentioned earlier, students were not given overall scores on
multi-part exercises and no attempt was made to combine scores in the
analysis. However, this should be done with national assessment results and
the pilot-study results indicated how this might be accomplished. As a matter
of interest, NAEP did correlate performance on most of the pilot-tested tasks
with performance on the 1986 assessment items. However, given the small
number of items in each of the math and science tests and the limitations of

the sample, the.e results are not particularly useful.
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4, Third Advisory Panel Meeting

The third advisory panel for the project met in June. The five panel
members, all of whom had participated on one or both of the earlier panels,
were Audrey Champagne, Roberta Flexer, Gerald Kulm (formerly the project
officer for OERI but now with the.American Association for the Advancement of
Science), James Minstrell, and Patricia Murphy. Also participating were
Joanne Capper, representing the National Association of Chief State School
Officers, and Richard Berry from NSF. The four project staff members whe
participated in the two previous panel meetings were joined by
Andrew Mychajlowycz who had responsibility for data management.

The purpose for the panel meeting was to review and critique the
pilot-tested tasks, review the data, and make suggestions for task revision.
A11 the tasks were displayed as they were set up during the pilot tests and
all the participants tried each of the various activities. This familiarized
them with what the students had actually been asked to do and enabled them to
critique the tasks more effectively. The remainder of the meeting was devoted
to discussions of the strengths and weaknesses of each task based on the
panelists' judgments and the pilot-test resuits. The panelists also discussed
the overall pctential of the task for national assessment and recommended ways
to report data from a national assessment. Patricia Murphy's comments on how
the APU science team had handled similar assessment issues were particularly
helpful.

The panel members were very enthusiastic about the pilot-tested tasks.
They were extremely impressed by the innovative nature of the tasks and agreed
that an assessment consisting of such activities would have a positive impact
on curriculum and coursework in mathematics and science. They further agreed,

especially considering the lack of student experience with these types of
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materials in their classrooms, that most of the tasks seem to be at abuut the
right difficulcy level. At each grade level, essentially every stud:nt
attempted each task they were given. Also, students appeared tc be tairly
successful on the sorting and classifying tasks and able to undersiand and
complete the data interpretation tasks.

Again, the pilot-test data must be interpreted with caution, but it did
appear that students had more difficulty with the tasks based on observing
scientific and mathematical principles. Also, it appeared that students were
generally unfamiliar with the principles involved. These results
substantiated the validity of these tasks as emphasizing thinking rather than
knowing, Further, in conducting the activities and observing the results,
students did ot appear to search for relationships--or at least they did not
volunteer those kinds of responses unless explicitly asked to do so. If the
question explicitly asked the students to determine a relationship, they
generally were able to do so. However, if the question simply asked them to
write down what they noticad, the responses tended to be descriptive step by
step records rather than generalizations of the relationships they had
observed. A pational assessment would need to incorporate a variety of these
types of questons to insure interpretable results. Still, students responded
to these tasks and improved performarce was noted across the three grade

levels for those tasks given at more than one level.
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As was expected on the full investigations, students did not appear to be
adept at conducting experiments and manipulating the variables involved. But,
similar to the results obtained in England, Wales, and Northern Ireland,
students did recognize the major variables and take measurements in conducting

their experiments. Also, response levels were high and improvement was

evidenced across the grade levels.

I. Review of Assessment Tasks

Although the tasks as a whole were positively received, the panel
members made a number of suggestions for improving the wording,
equipment, questions, administration, and scoring of the individual
tasks. These are detailed in Part II, but some illustrative examples

follow:

o For Sand and Tubes and Rolling Funnels, it was suggested that

students should be asked to predict what would occur, and that these
activities might be administered to groups of students.

o A foods classification and/or sort task with the potential for
assessing the quality of the students' classifications was proposed.

0 Vertebrae and Conductivity (pilot-tested at grade 11) and Water on

Brick (pilot-tested at grade 3) also could be used at grade 7. (APU

has used comparable essrcises for age 13.)

II. Additional Recommendations and Suggestions

o The scoring guides should be revised to reflect finer gradations of
behavior. This would provide better information about students'

different approaches to problem solving tasks.
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0 Students also should be evaluated on their performance across the
parts of each task. For example, Patricia Murphy suggested that the
different approaches taken by students in solving the full
investigations be classified into different levels of competence.
Criteria for competence could be defined in terms of: 1) how students
conceptualized the problem, 2) how reliably they manipulated the
independent variables, and 3) how efficiently they measured the
dependent variable.

o It would be important to scbtair results by race/ethnicity.

o A national assessment should investigate the relationship between
performance on the problem-solving tasks and curriculum and

coursework.

5. Summary and Recommendations

The development and pilot testing of innovative tasks to assess higher-
order thinking in mathematics and science has presented a tremendous challenge
to the project staff, but the outcomes demonstrate that "hands-on" assessment
in the schools is feasible, albeit costly, time consuming, and demanding on
the schools and the exercise administrators. The enthusiasm of the advisory
parels, the school cooperation, and the face validity of “hands-on" tasks for
assessing higher-order thinking in science and mathematics indicate that a
national assessment of higher-order skills wouid be of great interest and

utility.

The Tasks

Thirty different tasks were pilot tested of which six were group
exercises, twenty station activities, and four full investigations. Eleven of
the exercises were pilot tested in one grade only; the others were tried in

two or three grades. Based on the review by the third advisory panel of the
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tasks with their equipmnent and pilot-test data, the panel's discussion and
recommendations, and the summary comments on each of the tasks, there are
seventeen tasks that can be recommended fc.- potential future use unchanged or
with minor revisions or equipment improvement chat would not require new
nilot testing, seven for which the ideas were good enough to warrant the
needed revision and new pilot tests, three that would need new equipment
and/or macerials, and three that were n't recommended.

1. Tasks Available For Future Use Essent:. ly Unchanged

Group: Whirlybird-Grade 3 and 7, Hair Color-Grade 3, Triathlon-Grades
3, 7, and 11, Number Relationships-Giade 7 and 11, Heart Rate and
Exercise-Grade 11

Stations: Birds(classify)-Grade 3, Seeds(classify)-Grades 3, 7, and
11, Seeds(sort)-Grade 7, Veirtebrae(sort)-Grage 11 and also extended
to Grade 7, Double Staircase-Grades 7, and 11, but not 3,
Wig-Wag-Grades 3 and 7, Water on Brick-Grade 3 and also extended to
Grade 7, Magnet and Compass-Grade 11, Conductivity-Grade 11, but
could be extended to Grade 7

Full Investigations: Sugar Cubes-Grade 3, Density-Grade 7 and 11,

Survival-Grades 7 and 11
ATthough the panels especially liked the individually administered full
investigations, these tasks are much more costly and time consuming than
self-administered station activities. Inclusion of full investigations in a
national assessment is therefore dependent on the total level of support for
the project. The panei recommended use of Sugar Cubes at grade 3 and Survival
at grades 7 and 11 if only one full investigation at a grade could be included

in a national assessment.
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2. Good Ideas Worth Major Revision and New Pilot Testing

Stations: A1l the computer-administered tasks - i.e. Gumball
Game-Grades 3, 7, and 11, Circle Game-Grade 3, Numbers Game-Grades 7
and 11; Sand and Tubes-Grades 3, 7, and 11 and Rolling Funnels-Grades
3, 7 and 11 could be turned into administrator-demonstrated group
exercises or computer response exercises including prediction of the
result; Magnets-revised and possibly extended to all three grades;
Balance Scale-Grades 7 and 11

3. Need New Equipment or Materials

Stations: The ideas for Bubbles, Bird(sort), and Tubes and Capillarity
could be retained with improved or different apparatus or resource
materials.

4, Not Recommended

Group: Restaurant
Stations: Sugar Cubes (as a station for Grade 7) was simply too
complex to be a station activity.

Full Investigation: Pegboards

Overall, the administrations in the schools went better, with fewer
problems, than had been expected. However, problems that affected the quality
of the data on the computer-administered exercises and on the full
investigations were identified during the scoring and data analysis phases.

In using computer-administered tasks in future assessments, it will be
necessary to develop rigorous, written procedures for the administrators who
set up and monitor the computer tasks to prevent loss of data through
administrator or student error. Administrators also will need more extensive
training in the usc of the computer and the requirements to operate specific

programs.
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For the individual investigations, administratcrs need more intensive
tra{ning on how to observe the students and record what they observe.
Therefore, it is strongly recommended that plans for any operational use of
full investigations include the video-taping prior to the training period of
several students at each grade as they carry out the investigation. The
video-tapes would then become the actual cases on which the administrators
could practice and compare results until agreement is reached.

Although the scoring guides were adequate for this project's purpose of
assessing the quality and feasibility of the tasks, there were a number of
tasks in which refinement of the guides would be desirable. A number of the
scoring guides could be expanded to differentiate between responses that were
clustered together. Further, substantial thought needs to be given to the
assessment priorities. It is clear that a national assessment of these tasks
could yield very worthwhile information. Yet it is doubtful that it could
answer all the questions raised by NAEP's consultants. The goals would have
to be clearly defined and once these were determined, appropriate analyses
could be designed.

In this project, NAEP has made a good start toward a national assessment
of higher-order thinking in science and mathematics. A number of tasks are
available for use. But more would be needed if a full set of "hands-on"
station activities assessing a broad range of skills is to be used at each
grade. The extent of additional developmental work, not only in task
development, but in other areas as well, necessary to conduct a national

assessment, would very much depend on the goals and scope of that assessment.
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APPENDIX A
EQUIPMENT LISTING
I. GROUP EXERCISES

Whirlybird
Horizontal rotor and base, 6 ball bearings of equal mass and volume,
spare rubber bands and a spare ball bearing.

Hair Color
0 apparatus needed

Triathlon
o apparatus needed

Number Relationship
No apparatus needed

Heart Rate and Exercise
No apparatus needed

Restaurant

No apparatus needed

II. STATION EXERCISES

Sand and Tubes
Three identical capped glass test tubes labelled A, B, and C, each filled
with sand to different levels; one empty capped glass test tube labelled
D; wooden incline with START clearly printed on the top of the incline;
paper and pencils. :

Rolling Funnels
A double cone made with two identical plastic funnels; a wooden board
with two diverging rails and points at opposite ends labelled A and B;
an empty tin can,

Gumballs
pple II Series Computer with 48K memory, diskette with program, paper
and pencil.

The Circle Game
Apple IT Series Computer with 48K memory, diskette with program, paper
and pencil.

The Numbers Game
Apple Il Series Computer with 48K memory, diskette with program, paper
and pencil,
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Birds (classify)
Four colored photographs of birds labelled A, B, C, and D that are
individually mounted on cardboard. Birds shouid differ in morphology
(type of legs, beak, size, and coloring).

Birds (sort)
Seven colored drawings of birds labelled A to G that are individually
mounted on cardboard. Birds should vary in morphology (color of breast,
beak, size and crest).

Wig-Wag
Une inertia balance, two large C-clamps, one block of lead labelled A,
one block of aluminum labelled B, one block of wood labelled C, one block
of balsa wood labelled D.

Magnets (strength)
1wo disk magnets Tabelled A and B that are comparable in mass, size,
shape, and external appearance (strength of magnets should be such that
one magnet is 4-5 times stronger than the other one); large metal paper
clips; assorted metal washers, plastic poker chips, paper and pencil.

Water on Brick
tyedroper, small bottle filled with water; small equal-sized pieces of
plastic, painted wood, brick, metal, roof shingle, and an urknown
material (piece of porous cinder block) in a transparent, plastic bag;
magnifying glass, paper and pencil.

Bubbles
Small and large bubble wand of different shapes (square, circular, and
triangular); paper towels, 1 small bottle of bubble mixture (containing
dishwashing liquid and water), paper and pencil. For grade 3 students
only the square and circular wands will be used.

Balance Scale
A balance scale set up and balanced with equally spaced holes for hooks,
five 10 gram metal washers, one 30 gram plastic film canister; paper and
pencil.

Seeds (classify)
Containers filled with samples of labelled but unnamed seeds: A=caraway
seeds, B=cumin seeds, C=black peppercorns, D=millet seeds, E=fennel
seeds, F=all spice, G=white peppercorns, K=yellow mustard seeds,
J=fenugreek seeds, X=coriander, Y=barley. For the grade 3 students, only
groups 1 and 2 will be used.

Double Staircase _
"Double staircase" of wooden blocks that is 4 blocks high, and glued to a
wooden base; 24 loose wooden blocks that are identical to those used
in the staircase; graph paper and pencil.

Vertebrae (grouping)
Eleven bones labelled A-L as follows: A=Lumbar dog, B=Cervical rabbit,
C=Thoracic dog, D=Thoracic cat, E=Lumbar dog, F=Atlas coyote, G=Cervical
rabbit, H=Cervical dog, q=ggmbar rebit, K=Thoracic rabbit, L=Lumbar

rabbit.
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Seeds (sort)
Containers filled with samples of labelled but unnamed seeds : A=caraway
seeds, B=cumin seeds, C=black peppercorns, D=miliet seeds, E=fennel
seeds, F=all spice, G=white peppercorns, H=yellow mustard seeds,
J=fenugreek seeds. (Group A=A, B, and E; Group B=C, F, and G; Group C=D,
H, and J).

Tubes and Capillarity :
Beaker containing colored water, five small open-ended glass tubes
labelled A, B, C, D and E, of equal length but different interior
diameters, and one open-ended glass tube labelled X of the same diameter
as one of the five, a six-inch ruler (Administrator should make sure that
only five tubes are placed in the water. The sixth tube should be placed
along side but not in the beaker and should match the size of one of the
five tubes in the solution). The dish should be filled up to the top
before every administration.

Conductivity
Five sealed black boxes labelled A-E containing the following materials:
A=a piece of copper wire, B=a resistor, C=a piece of wood, D=a diode, E=a
micro relay; three 1.5-volt batteries in holder; one circuit, set up and
preset with resistance; two contacts, two sockets mounted on board
springs or metal sloping blocks; three spare batteries.

Magnet and Compass
Sealed box Tabelled X containing two bar magnets fixed firmly in
position, & compass, a work sheet depicting a rectangular box the same
size as box X and ten circles around the perimeter of the rectangle,
paper and pencil.

Sugar Cubes
1x small glass heakers, sugar cubes in packet, six packages of

granulated sugar each containing the same mass of sugar as in one cube;
stop watch; hot water in thermos.

IIT. FULL INVESTIGATIOM EXERCISES

Sugar Cubes
Six small glass beakers, sugar cubes in packet; six packages of
granulated sugar each containgng the same mass of sugar as in one cube;
hot water in thermos (50°C-60 C); two stirrers, stop watch, graduated
beaker, measuring cup, small ruler, paper towels, paper and pencil.

Pegboards
Nine pegboards of three different lengths and three different widths,
stop watch, 12-inch ruler, two ring stands, two clamps, two rods and
hooks.

Densitx

Three different sized blocks, labelled A, B, and C of different shapes
and of materials of different densities; a large open box; spring scale,
ruler, hand calculator, paper and pencil (Note: The blocks will be a
rectangular solid, a cube, and a triangular block which is half a
rectangular solid). :
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Survival
Five cans labelled A-E (two identical aluminum cans A and B, cne plastic
can E with the same dimensions as A and B, one aluminum can C that is the
same height as A, B, and E but of a larger diameter, one aluminum can D
with the same diameter as A, B, and E but shorter height); 110%
thermometer, a stopwatch, rubber bands, pins, transparent tape, scissors,
electric kettle, two grduated cylinders, sheets of blanket, sheets of
plastic, electric fan, small ruler, graph paper, thermos, paper towels,
and pencils.

IV. UTILITY KIT AND ANCILLARY MATERIAL

Extension Cord

Glue

Scotch Tape

Magic Marker

Scissors

Pliers

Screwdriver

Pencil Sharpener

Strapping Tape

Screws for Whirly Bird

Extra Labels

Extra Betteries (Timers and Stop Watch)
Allen Wrench (te adjust balance beam)
Timer

2 pads (extre paper if needed)

18 pencils

Station signs 1-6

Clipboard

Graph paper

Ruler
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APPENDIX B

GRADE 3

GROUP EXERCISES
3M
SECTION 1
For each of the questions that 'follow, fill in the oval next to the answer you
choose.
l. Are you male o¢ female?
O Male

O Female

2. Which best describes you?
White
Black

Hispanic (Mexican, Mexican American, Chicano, Puerto Rican, Cuban, or
other Spanigh or Hispanic background)

Asian or Pacific Islander

American Indian or Alaskuan Native

OO0 0 0O00O

Other (what?J

3. If you are Hispanic, what is your Hispanic background?
O 1 am not Higpanic.
(D Mexican, Mexican American, or Chicano
O Puerto Ricay
QO Cuban

O oOther Spanigh or Hicpanic background
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4. How often do you usually have a science class in school?
QO Every day

Several times a week

About once a week

Less than once a week

O 00O

Hardly ever or never

5. Which of the topics listed below have you learned? Fill in one oval om
each line.

Have learmed Have not learmed
How to add ) @)
How to subtract '®) o
How to multiply @) o
How to divide @) '®)
What fractions are @) '®)
How to tell time O ®)

6. How often do you usually have a mathematics class in school?
QO Every day

Severagl times a week

About once a week

Less than once a week

O 00O

Hardly ever or never

65

O Please continue on next page. p»
ERIC pes




-62~

GRADE 7
GROUP EXERCISES
78

SECTION 1

For each of the questions that follow, fill in the oval next to (he ansver you
choose.
l. Are you male or female?

QO Male

QO Female

2. Which best describes you?

O white

QO Black

O Hispanic (Mexican, Mexic&n Americ:a, Chicano, Puerto Rican, Cuban, or
other Spanish or Hispanic background)

QO Asian or Pacific Islander

QO American Indian or Alaskan Native

O oOther (what?)

3. 1f you are Hispani;:, what is yoyr Hispanic background?
QO 1 am not Hispanic.
o ﬁexican, Mexican American, or Chicano
¢ Puerto Rican
QO Cuban

QO Other Spanish or Hispanic background
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4. Wbat is the ma’n thing you are studying in science this year?
Q I am not studying science this year.
O Life science (plants and animals)

C) Physical science (matter and energy)

QO Earth science (weather, rocks, stars)
@O General science (a mixture of the above)
QO Other

5. What kind of mathematics class are you in this year?

o)

I am not taking mathematics this year.
Regular mathematics

Pre-algebra

Algebra

Other

O 00O
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GRADE 11
GRCUP EXERCISES
11M

SECTION 1

For each of the questions that follow, fill in the oval next to the aaswer you
choose.

1. Are you male or female?
O HMale :

QO Female

2. Which best describes wvou?

O White
Black

O Hispanic (Mexican, Mexican American, Chicano, Puerto Rican, Cuban, or
other Spanish or Hispanic background)

O Asian or Pacific Islander

O A4merican Indian or Alaskan Native

O oOther (what?)

3. If you are Hispanic, what is your Hispanic background?
QO I am not Hispanic.
O Mexican, Mexican American, or Chicano
O Puerto Rican
O Cuban

O oO:cher Spanish or Hispanic background
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4. Are you currently taking a class in any of the following subjects? Fill
in one oval on each line.

Yes No

Mathematics @) @)
Science O O

' Computers (@) (@)

5. Counting what you are taking now, have you ever taken any of the following
mathematics or science courses? Fill in one oval on each line.

Yes ).2)

Mathematics:

General, business'or O

consumer mathematics

Pre-algebra or introduction O

to algebra

First-year algebra @) o

Second-year algebra O o

Geometry o o

Trigonometry @) )

Pre-calculus or calculus (@) o
Science:

General science @) o

Biology @) o

Chemistry ) o

Physics o o
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PART 11
HIGHER ORDER SKILLS TASKS

Introduction

In Part 1II, the pilot-test d tasks are present-d individually. The Group
tasks are presented first, followea by the Station Activities, and then the
Individually Administered Full Investigations. The presentation for each :ask
consists first of the task as the student: saw it; followed by directions for
the administrator and the observation checklist, where these are pertinent; a
description of the apparatus; the scoring guide with illustrative examples of
each score level; and summary comments about the task.

The data on which the comments are based included student performance on
each task by grade and by sex and the correlation coefficient between the
number right on the mathematics and science items and student data for most of
tae tasks. Separate analyses by sex were conducted .o determine if there were
any obvious gender biases in the tasks. No tests for significance were done
on . e gender results.

Chapter 1 consists of tre group exerc.ses; Chapter 2 contains the
self-administered station activiti2s; and Chapter 3 contains the indvidually

administered full investigations.
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CHAPTZR 1

() GROUP EXERCISES

Activity Identification - Grade(s)
Whirlybird 3,7
Hair Color (Logic) 3
Triathlon 3,7,11
Number Relationships . 7,11
Restaurant 7,11
Heart Rate and Exercise 11




GRADE 3,7

' - GROUP EXERCISES
3M
SECTION 2

1. WATCH AS THE TEACHER DOES THE EXPERIMENT.
WATCH THE “WHIRLYBIRD” ARM CAREFULLY EACH TIME UNTIL IT STOPS.
(1) THe BALL BEARINGS WERE PUT IN THE TWO OUTSIDE HOLES.
THE “WHIRLYBIRD” ARM WAS WOUND UP EXACTLY THREE TIMES
AND LET GO.

(2) THE BALL REARINGS WERE PUT IN THE NEXT TWO HOLES. THE
ARM WAS WOUND uUP EXACTLY THREE TIMES AND LET GO-

(3) THE BALL BEARINGS WERE PUT IN THE NEXT TWO HOLES. THE
ARM WAS WOUND UP EXACTLI THREE TIMES AND LET GO.

WHAT WAS DIFFERENT ABOUT THE WAY THE WHIRLYBIRD ARM MhVED«
IWHEN THE STEEL BALLS WERE IN_THE DIFFERENT HOLES? |

(A) USE THIS SPACE TO JOT DOWN NOTES ABOUT WHAT YOU SEE
HAPPEN WHEN THE STEEL BALLS ARE MOVED TO DIFFERENT

9 HOLES?

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUZSTION
IN THE BOX-.

: Please continue on next page. p»
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Activity Identification: Whirlybird

‘ Grade(s): 3,7

Method of Administration: Group Activity

Content Area: Science-Physics

Apparatus required: "Whirlybird" apparatus, 6 ball bearings of equal mass and
volume, spare rubber bands and a spare ball bearing. (See picture helow.)

Group Activity- 3,7
(to be read by the A)

The piece of equipment in front of you is called a Whiriybird. This part
of it is called the Whirlybird arm (A should point towards the arm). If you
look at the arm closely you will see that it has three holes on each side.

I am going to put the steel balls an different holes to see what happens
when I wind the arm three times and let go.

' When I have finished, I will ask you to answer the question on the paper
in front of you. “What was different about the way the Whirlybird arm moved
when the steel balls were in the different holes?"®




Whirlybird
Section 2 - Group
‘ Grade 3M, 38 - #1
™, 78 - #1

Look what happens when I put the steel balls in the outside pair of holes
and wind the arm three times. Now I am going to let go of the arm. Vatch
carefully.

Now I am going to move the steel balls to the middle pair of holes and
wind up the arm three times. Watch what happens as the arm unwinds.

Now I'm going to move the steel balls to the inside pair of holes. Watch
carefully as the arm unwinds. ~

I am going to do the experiment all over again. You may want to
Jot down some notes about what you see happen when the steel balls are moved
to different holes.

(A should repeat the experiment and then give the following instructions.)
Now answer the question in front of you. The auestion is “What was

different about the way the Whirlybird arm moved when the steel balls were in
the different holes?™ Think back on how the Whirlybird arm acted.

Score 3 pis. for a response that accurately describes how the Whirlybird
’ moved in relation to the positioning of the ball bearings in thz holes.

Score 2 pts. for a response that describes how the Whizlybird moved but

doesn't specify the relationship between the position of the holes and

the speed of the Whirlybird arm (e.g. It moved faster the second time.).

Score 1 pt. for an incorrect or irrelevant statement about what happens
as the ball bearings were moved to different koles.

Score 0 for no response.

Skills involved:

In this exercise students need to infer a relationship between two
variables based on their observations.
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THIRD BRADE  SCORE POINT 3

(B) USE THIS SPACE TO WRITE DOWN
= YOUR ANSWER TO THE
IN THE BOX. ' OUESTION

when the Jee\ bals where on ¥he hoo edges the,
“whiklybaed” et slow. When fhe dree) bals whece
it e Too piMies T wedl norma) y When Puoy

nece vo e M:E.S" “g:‘:m&r\'\"?otgr h ‘j/

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESYION
IN THE BOX.

(B) USE THIS SPACE TO WRITE DCWN YOUR ANS%EZR TO THE QUESTION
IN THE BOX.

Tt Closesce they ace o bh
middle % mstcf__xﬁ__%ag.g 2 /f;
N




SEVENTH CRaDE  Score PoInT 3

(B) Use THIs sPAcE To WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX.

Please continue on next page. p»

(B) USe THIS SPACE To WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX-.

Whon 'LL_QAJQL ey, 7] W’U\a

8 —oiTody  th bl 4 gy eedd alewtn

&

Please continue on next page. >

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX.

WS faster eadn bimg
'siiXEL : 69@2::33 AN~ Y (= _ '*T1:5”£3(ji_ 2.
Oecey Ao No tey Yo of
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(B)

(B)

THIRD GRADE  SCORE PoINT 2

USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX-.

s e et
o it 7

USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX'

Use THIS space To WRI
: TE DOWN YOu
IN THE BoX. R ANSWER TO THE QUESTION

sty M , w/&a,%/
wentl vy sl ,e&cueoz/\j (}




SEVENTH ARADE  SCORE POINT 2

(B) USeE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX.
77

. R . Ny /
o pinattipe daverd D¥arir
R {/ .

v, Aondd Admna o) 4008, T LN lIN

D Lanl Ve b vend Lven
Lnots @
' .

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX-

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION -

IN THE BOX-
Xle N \(\EEQPQ92X5CR LAYOC,
eyvecd Me RO OPNS AR R @

iee Oolfered OA%e Xoa Goeed
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THIRD RRADE  ScORE PoInt 1

\BJ USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX.

The bal L begfjﬂ‘_/q,i pere 117 the Qsi/mt,e;,
\

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX.

[‘.L {0 S \K&}hg (A/hoaLlP 17

Was_gaing o £le. y

S
(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE QUESTION
IN THE BOX.
\OL L1 aONLt L/Q*{JM XAM_L,_&Q{/
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® SEVENTH GPADE  ScoRre PoInT 1

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE “uL=STION
IN THE BOX.

'Lx&\_,\\c'u Me  Yols wiite o }m__au;ks} Aa
G uubht geaund omce  Yhe athers \'i
.JilJLaﬁi.j_;£XUL___::nnanL : +_0S .

the Ncide .

(B)  USE THIS SPACE TO WRITE DOWN YOUR ANSWFR TO THE QUESTION

IN JH BOX - ' 2 .
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(B USE THIS SPACE TO WRITE DOWN YGUR ANSWER TO THE QUESTION

IN T% BOX-.
Ximan arn Yoo outarde Neloa
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Comments on Whirlybird (Grades 3 and 7)

This is the only exercise in which the students watched a demonstration
by an administrator. This exercise required students to observe what
happened, interpret their observations, and report their conclusions. The
scoring levels attempted to differentiate between those who inferred the
relationship and made it explicit, and those who simply reported their
observations. The performance by students on this exercise indicates that the
task is appropriate for both grades 3 and 7. More seventh graders than
e]eventh‘graders stated the relationship between variables which may indicate
a developmental difference. There was little difference in performance
between boys and girls.

The advisory panel expressed some concern that, given the wording of the
question and the order in which the demonstration was carried out, some
students, particularly among third graders who scored in the leve] 2 category,
had inferred the relationship and did not see the need to say more than “itl
went faster." It was suggested that, for future use, it might be possible to
reword the question to try to elicit the explicit stateinent «f relationship

without being directive.



GRADE 3

o

MARY AND SUE ARE TWO YOUNG GIRLS-
ONE GIRL HAS BLUE EYES AND THE OTHER GIRL HAS BROWN EYES.
ONE GIRL HAS BROWN HAIR AND THE OTHER GIRL HAS BLACK HAIR.

MARY HAS BLUE EYES.
THE GIRL WITH BROWN HAIR DOES NOT HAVE BROWN EYES-

(A)  WHAT cOLOR HAIR DOES MARY HAVE?

(B) WRITE DOWN HOW YOU FIGURED OUT YOUR ANSWER.
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' - Hair Color Logic)
Section 2 - Group
Grade 3M, 3S - #2

A & B) Score 4 pts. for the correct answer - brown - with an explanaticn
that uses botl hair color and eye color.

Score 3 pts. for a correct answer with an explanation that uses
either hair color or eye color but not both.

Score 2 pts. for a correct answer with an explanation that is
irrelevant or erroneous or with no explanation (i.e no response in
part B).

Score 1 pt. for an incorrect answer with or without an
explanation.

Score O for no response.

Skills involved:

In this exercise the student needs to use transitive reasor»ing in order
reach a conclusion about given information.




THIRD fRiDE Score PoINT 4

(A)  WHAT COLOR HAIR DOES MARY HAVE?
' grown

(B) WRITE DCWN HOW YOU FIGURED OUT YOUR ANSWER .
The lat clve Said the Qirl wi +h Brawn
ha/r Cues Aot Halve gfvnWﬁ ﬁ/\/-ég an-
Nary rias Blue eyes,

(A) WuaT COLOR HAIR DOE5 MARY HAVE? EM AM

(B) WRITE DOWN HOW YOU FIGURED OUT YOUR ANSWER.

(A)  WHAT coLOK HAIR 10Es MARY HAVE?

Eroiun T

WR1 DOWN HOW YNU FIGURED OUT ANSWER.
M”U hos ] (3% €1QJ /\7 j_(mf/ }\rﬁ [rom
Ques o 1f Sup” Aoty At b hail
#\»1' / "l\ﬂu C{O &Y




ThirD GRADE  Score PoINT 3

(A) WHAT CcOLOR HAIR DOES MARY HAVE?

B rown

(B) WRITE DOWN HOW YOU FIGURED OUT YOUi%;NSWFR

The air)]  with  Orewn haie
J 225 Wat b a V€ browwn eyos
< om-\' nbove  the @rs%'o%/ 7

(A) WHAT cOLOR HAI® DOES MARY HAVE? '&becyUJf\J

(B) WRITE DOWN HOW YOU FIGURED OUT YOUR ANSWER-.

NIV ‘ -

m \X\mx}U \*’U‘)l M) -l\m' N,

(A) WHAT COLOR HAIR DOES MARY HAVE?

(B) ‘WRLTE DOWN HOW YOU FIGURED OUT YOUR ANSWER-
qrr&xzjﬁ‘;_jbchgrJéhCnAIn T boin T he nnlil
_L&L_g&./ e th. @mmm j&‘vﬂ/ Dren

nele  Sonse  Prorcon. _pm(n/,;@o-

Ao e, Doens oo j\oﬂw Dt

4 2y20/
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THiRD GResE  SCoRe PoINT 2
’ ‘ (A)  WHAT COLOR HAIR DOES MARY HAVE?

brown
(B) WRITE DOWN How TOU FIGURED OUT YOUR ANSWER.

iy dust fhoght about 1+

(A)  WHAT COLOR HAIR DOES MARY HAVE?

(B) WRITE DOWN HOW YOU FIGURED OUT YOUR ANSWER-.

of‘M.n/\dy Lo  PDrcurs et

(A) WHAT coLOR HAIR DOES MARY HAVE?

(B) WRITE DOWN HOW YOU FIGURED OUT YOUR ANSWER.
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Comenss on Hair Color (Grade 3)

This Togic problen for third graders worked well and appears to
lustrate what the APU has found; nanely, that tudents are more 1ikely to be
able to do problens than provide good explanations for their answer . Over
half of the students answered correcty, but only a few managed to offer an
explanation that took both iair color and eye color into accomt. Sirls in
the sanple perforned s1ightly better than boys.

Thirc graders seened to understand the question and all but 5 percent gt

Teast attemted it, The advisory panel thought that this exarcise could be

used without change in a future assessment,



GRADE 3,7,11

‘l} : 3. Joe, SARAH, JosE, ZaB!, AND KIM DECIDED TO HOLD THEIR OWN
OLYMPICS AFTER WATCHING THE OLYMPICS ON TV. THEY NEEDED TO
NDECIDE WHAT EVENTS TO HAVE AT THEIR OLympics. Joe AND JosE
WANTED A WEIGHT LIFTING AND A FRISBEE TGSS EVENT. SARAH,
ZABI, AND KIM TI{OUGHT A RUNNING EVENT WOULD BE FUN. THE
CHILDREN DECIDED TO HAVE ALL THREE EVENTS. THEY ALSO DECIDED
TO MAKE EACH EVENT OF THE SAME IMPORTANCE-

ONE DAY AFTER SCHUOL THEY HELD THEIR OLYMPICS. THE
CHILDREN'S MOTHERS WERE THE JUDGES. THE MOTHERS KEPT THE
CHILDREN’S SCCRES ON EACH OF THE EVENTS.

THE CHILDREN'S SCORES FOR EACH OF THE EVENTS ARE LISTED
BELOW: '

CHILD S “AME Erispee Toss WEIGHT LIFT S50-YARD DASH

JOE 40 varDS 205 POUNDS G.5 SEcONDsS
. JdosE 30 YARDS 170 pouNnDs 8.0 seconDs
ﬁﬁi KM 45 varps 130 pouNDS 9.0 seconDs
SARAH 28 YARDS 120 pounDs /.6 SECONDS
LaB1] 48 varDS 140 8.3 SECONDS

POUNDS

(A) WHO wOULD BE THE ALL-AROUND WINNER?

(B’ EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK-.

> STOP Do not continue until told to do so.
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‘ - Triathelon
Section 2 - Group
Grade 3M, 35 - #3

™, 78 - #2
11M,118 - #1

Score 4 pts. for accurate ranking of the children's performance on each
event and citing Zabi as the overall winner.

Score 3 pts. for using a ranking approach to evaluate the children's
performance but misinterpreting performance on the dash event (i.e
mistaking longer times for better scores) and therefore, citing the wrong
child as the overall winner.

Score 2 pts. for a response which cites an overall winner or a tie
between children with an explanation that demonstrates some recognition
that a quantitative means of comparison 1s needed to choose the winner.

Score 1 pt. if the student makes a gelection of an overall winner with an
irrelevant or non-quantitative comment or without providing any
explanation.

Score 0 for no response.

Note to scorers: Because we are interested more in the students' approach
to the problem than their accuracy in solving it, the cases in which

" studenrts rank accurately but add incorrectly or misread their own
notes to cite Jose' as the winner should be scored with code pc. 4.

Skills involved:

~

In this exercise students need to design an approach for evaluating and
interpreting a set of data.




(A)

(B)

(A)

(B)

THIRD AREDE  ScORE PoINT 4

WHO_WOULD BE THE ALL-AROUND WINNER?

b A

@)
ExPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL~AROUND 12/
WINNER. BE SURE TO sHow ALL YOUR WORK-.

She preadl Thordh be cf mm,,/nj
f///)l~€ Lboect (e J cp P+ JrF+ Vsl
cyvrm/ Y, s T *ri ﬂi@& ‘o5 s.

WHO WOULD BE THE ALL-AROUND WINNER?

Zalb [

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINNER. BE SURE TO SHOW ALL OUR WORK
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M B> STOP Do not continue until told to do so.
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THIRD ARADE  SCGRE PoINT 4

(A) WHO WOULD BE THE ALL~AROUND WINNER?

Zabh

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND

WINNER. BE SurRe 7o SH ALL OUR RK .
Joe g (\lﬁj nd, [, Jose, s Y
2nd, A g \/\C}\// K da,s V\dc/l,l/-[ A Jda
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SevENTH GRADE  Score PoInt 4

Q’ (A)  WHO WOULD BE THE ALL-AROUND WINNER?

7 AR

(B) EXPLAIM HOW YOU DECIDED WHO WOULD BE THE ALL=AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK- é§>

IDﬁCld%ﬂ D hol‘d '?.QCV) D&SOI’) Coum €
H’) o dH’)&:\' D/chJ(OSQe wh o oA

(A) WHO wouLD BE THE ALL-AROUND WINNER?

Z AR

(B) [EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL~AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK. (,,
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® Nu-Xan ?1”5')’ ﬁlace ‘i’o &fh Q/acﬁ . Then

T -d8cd  +hem up. LhoeuEe hod

the least amourt onn,

(A) WHO WOULD BE THE ALL-AROUND WINNER? L

AR

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK. (g;

22t oot _One fHrst & 2 dhies-
\_counted > ooint S Tor oiyp D)X
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(A)

(B)

ELEVENTH GRaDE  Score PoINT 4

WHO WOULD BE THE ALL-AROUND WXNNER9

Zo\bl ' S ST

i o

EXPLAIN HOW YOU DECIDED WHO WOULD & THE ALL-AROUND
WINNER.. . BE SURE TO SHOW AL YOUR WORK.

. Tuumbered eqen event from 1-5 - e beet score is @

(A)

(B)

(8)

~
(o=
N

S tneworn i | Théw T added e tnree cores
for Lad ot the children.: Zabi'c Scere 1y I,
WNith 1) He Nighne)t

WHO WOULD BE THE ALL-AROUND WINNER?

7 AB |

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL=AROUND (?;
WINNER- BE SURE TO SHOW ALL YOUR WORK. &
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ONO The FRSoM) LT, THE LoesT Sogs LI,

WHO WOULD BE THE ALL-AROUND WINNER?

bl
EXPLA N HOW YOU DECIDED WHO WOY-D BE THE ALL ~ARZUND ZL\
WINNER. BE SURE 70 SHOW ALL YOQUR WORK- g;j
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(A)

(%

THIRD GRADE  ScORE PoINT 3
WHe wouLp BE THE ALL-AROUND WINNER?

Jog

(B)

EXPLAIN HQW YOU DECIDED WHO WOULD EX THE ALL-AROUND

. WINNER. JE SURE TO SHOW ALL YOUR WORK.

h . Fle m,f’o/)-f- mh/ Vi h@l“al

A QA ___gh(’ Z ab 14 on an Jy%fh e filehgy

szél on /M Wwolh 0/)9 evehz o:l\a/

e

wirp U2 ez/eh—f—'g ﬂ/b:fmn ngﬂ'h[l ﬂ/m:ﬁ I Fhe

aﬁ’mﬁff eyeh€

(A) WHo wouLD BE THE ALL=AROUND WINN.:IR?

(B) EXPLAIN HOw vou DECI

(A)

(B

Zab} {

DED WHO WOULD BE THE ALL=AROUND
WINNER. BE sSure To SHOW ALL YOUR WORK.

[-ﬂ' Flaae _ rhs@ j‘m;
place weig £ 4

Da!l’l.

WHO_wouLD BE THE ALL-AROUND WINNER?

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINN BE SURE TO SHOW ALL YOUR WORK.

0@ /(m & O/,\/)O%{,




SevenNTH GRaDE  Score POINT 5

(A) WHO wouLD BE THE ALL-AROUND WINNER?
)
(B)

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
BE SURE TO SHOW ALL YOUR WORK-

WINNER.

(A) WHO WOULD BE THE ALL-AROUND WINNER?
U‘T
(B)

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL~AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.

Mﬁ@uﬂmm - uabee o @ Judp
oot € L Brdo woe dhan b J\Lg«_ﬂ‘
oh2 sk seae I MWMM’\Q

50-yd doph.

(A) WHO WOULD BE THE ALL~AROUND WINNER?

JoE

(B)

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL=-AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.

B puy |5 - 64 y. lac e
the ~EVEn’rS

%%42_
Then Imotdeotmall
their acorec. The ove with Mm.
,eQSFQWﬂh-

Joce -5

Jete - - Joe has +k£ lowest score /ﬂ\
k\h\“

Sowah - rs
Zabi~ 7 37
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ELEVENTH “RADE  SCORE POINT 3

(A) WHO WOULD BE THE ALL-AROUND WINNER? N
e 3
(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL~AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.

_&E_o._um@_au_u%umi_\@gm%
2»-&_3'_6' A hamo o0 uaet 00 G vac elc e
Y dS

(A) WHO wouLD BE THE ALL—AROUND WINNER?

B

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL—-AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK-.

Yo would B g o oncord wmpman Hocouin @
Ao ot L pR b )30 g aed M only oMe,
e e el o aﬂL gggb;xa YA oA 2 3nda-

(A) WHO wouLD BE THE ALL-AROUND WINNER?
Joe.

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL=AROUND _
WINNER. BE SURE TO SHOW ALL YOUR WORK- <EEL)

IBviod st Who won -5 place in each erent
| Thern T Rourd oot 3t of "+ka,rnocer»erdf>
’ Hnt a0 DQIZON vinay. T ‘H’\em QUQ/ICL-CIQC\ ‘\‘hem
and ’Qb\)nc\ ~H~at ICE, \Ol&Qﬁd | X, N
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(A)

(B)

(A)

(B)

(A)

(B)

THIRD GRADE  SCORE POINT 2

WHO wouLD BE THE ALL-=AROUND WINNER?
- Fl

&,

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL™AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.
t

/L!y_ JLQA/ ¥ AV IS /YXRAﬁii: /fanth:g_

WHO WOULD BE THE ALL-ARCUN" “TNNER?

JO e

- ~
EYPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL~AROUND :Ez//

VINNER- BE bURE TO S AL YOUR WORK-.
7 G dzd G]/ = £
_povu‘am Gr’)C{JOQ mad /40 MO F o

WHO WCULD BE THE ALL~AROUND WINNER?

Une.

YU

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL~AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.

Jé;nuzzmzf \/CHQJ{ 142»' )4jﬂﬁzuua,/
mé 414, - Y o
4411)/4/ JKag zxz«éé/
‘“im, /J/ YA Z o

b Mﬂmw W




QevENTH GRADE  Score POINT 2

‘ (A) WHO WOULD BE THE ALL-AROUND WINNER?

osa

(B)

EXPLAIN HOW YOU D
ECIDED WHO WOULD BE THE ALL-AR

ou
BE SURE YO SHOW ALL YOUR WORKe UAD

WINNER-

(A) WHoO wouLD BE THE ALL~AROUND WINNER?

-
—Z.CQSD\
. (B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL=AROUND

WINNER. DE SURE TO SHOW ALL YOUR WORK-

o T R oeak er X \ep @
€ 00l Xoss, \i&iet \No \os
AU VN o L =N RSN

(A) WHO WOULD BE THE ALL~AROUND WINNER?
J0¢€ onld d pethe Winner

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL=AROUND

WINNER. BE SURE TO SHOW ALL YOUR WORK.
T loo ke d at theStores added them @
+a951"he r . amd . F camd Up
. welth the ansuer

. 100



FLEVENTH SRADE  SCORE POINT 2

. (A) WHO WOULD BE THE ALL=AROUND WINNER?
-—
JOEe.
(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE TH® AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK. g;z
1 . L7 /»¢+

you O&'T 29¢ lbg.. Nochvmz $Uéﬂzjg~ _éuf 4‘/»46
'Cmm f‘o\t SLore (eYS=FT) Sa__g.ﬁj_é. _5__,..5_1_C°r9 {

__u_tk_]_;/.{s‘)' SCre grory ﬂzw»

(A) WHO WOULD BE THE ALL—AROUND WINNER?

loE

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL—AROUND
WINSEzR. BE SURE TO SHOW ALL YOUR WORK.

® e puipnen of the Eviales AN waA ’AaM Tho
winanoy ok A (i 1,(Ting s 1ol gud

l,:(ﬂ..ﬂgg 4)49': jhﬁQ Q‘d (M\ Wwad \}0{- Cl&am., QD
o D,O)\AQ_E wrhm LQO_'}Q e Qﬁggg by

) w&.b D
905 —'f
Ny
%’)&_
('%33 §.00
4 (A) WHO wouLD BE THE ALL=AROUND WINNER?
/ .
d) a. 7 0W

A
/1/1/
= (B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
, WINNER. BE SURE TO SHOW ALL YOUR WORK.

g 000 Lmiod Lo the Lovar s Sotouua bis
15 35/ _OLMEA;M uitlo (wtuiit Jiped ﬁu/ﬂwwaa

g %
P < M’ ;fferu/xm st o led — fcw/ Do ?/J/Jav(
_M"kr/m (,{«f Mn,wj —[-:Lr ﬂ Vd )




9

(

(B) EXPLAIN HOW You DECIDE

(A)

(B)

THIRD ARADE  Score PoINT 1

A)  WHO wouLD BE THE ALL=AROUND WINNER?

Z AR/

D WHO WOULD BE TH -
EXPLAIN E ALL-AROUND
BE SURE 10 SHOW ALL YOUR woRK.

Ly T RISBEE tass, /e ;o #1
—LJF+ M Sij/an sl

WHO wOULD BE THE ALL-AROUND WINNER?

EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL~AROUND
WINNER. BE SURE To SHOw ALL YOUR WlORK-

(A) WHO OULD BE THE ALL-AROUND WINNER?

ToE

(B) EXPLAIN HOW YOU DECIDED WHO wWOULD BE THE ALL~AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.

JO0E  would pe The wnNNer
_becavse.  he. got Undds 05 povnds

_Lg_saagnds_
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SEVENTH GRADE Score PoiInT 1

. (A) WHO wOoULD BE THE ALL-AROUND WINNER?

—7== ot

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK-. ,

;§:>
A

(A) WHO WOULD BE THE ALL-AROUND WINNER?

(B) EXPLATN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINMER- BE SURE TO SHOW ALL YOUR WORK. (7)
P w4

Aep 205 1@&.\!‘»&~

(4, WHO WOULD BE THE ALL-AROUND WINNER?

(B) EXPLAIN HOW YOU DECIDED WHO WOULD RE THE ALL-AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK- <Z)

|7 3 A Xod 0%
DO dA oD




ELEVENTH GRaDE  Score Point 1

WHO wWOUuLD BE THE ALL=AROUND WINNER?

q" - (A)
| “abi

(B) EXPLAIN HOw v H
OU DiICIDED WHO WOULD BE THE -any
A .AY )
WINNER. BE SURE TG SHOW ALL YOUR WORK. HLTATOUND

(A) WHO wOUuLD BE THE ALL-AROUND WINNER?

o e ——

Joe

(B) EXPLAI% HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND

a WINNER. BE SURE TO SHOW ALL YOUR WORK,
IS =7 n . Y5 (pe® 'ﬂ\)
E 40 th-,jn -K”*\Z“ P \Q}
9.5 .0 B> M
=Tl 70 155 12
[ b\(t
JLT‘/ \\.\“
%ﬂ/
.\
N

(A) WHO wouLD BE THE ALL-AROUND WINNER?
el

(B) EXPLAIN 40W YOU DECIDED WHO WOULD BE THE ALL~AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.

did ALy -;m//" [ £OL m}%
CiCa
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Comments on Triathlon (Grades 3, 7, 11)

In this exercise, which was tried ou: at all three grade levels, students
must decide upon an approach, and interpret the data, to reach a conclusion
about the resuits of three athletic events. Further, the students must pay
attention to the fact that the owest time on the 50-yard dash is best
although the highest number is best in the other two events. Many students at
each grade misinterpreted what was best on the dash; almost one-third at
grades 3 and 7 and about one-fifth at grade 11. The misuse of the dash was
evidenced in a variety of ways. For example, some students ranked accurately
except for the dash, other students responded "Joe because he won two". In
some cases, studercs just added the numbers for three events and said "“Joe won
because he had the most points."

If the exercise is used in the future, the score range should be
expanded to separate those students who said, "Joe because he won two" from
the others now classified with them in score level 2. The potpourri of
approaches used by other students currently placed at score level 2 are very
different, including such methods as adding incompatible numbers, adding the
frisbee distance to the pounds lifted and subtracting the dash time, and
taking odd averages. The score level 1 included responses of no winners or
multiple winners.

Although the task was very difficult for third graders, several attained
scores at the two highest score levels. It may be appropriate to use this
exercise for all grades in the future, paFticu]ar]y since the data shows
development differences from grade 3 to 7 to 11 in the percent who worked out
a ranking approach. Almost 20 percent at grade 7 and about 45 percent at
grade 11 used a ranking approach. There was a wide variety in how this

ranking was done, including ranking participants first, second, third, etc. in
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each event, leading to Towest score; assigning points, such as 5 to first
p]ace,‘to each place, leading tc highest score; and finding out who would get
the most medals, as in the Olympics.

Although there is little difference in performance on this task between

boys and girls at grade 3, boys appeared to have less difficulty than girls at

grades 7 and 11.
This exercise is recommended for future use with two minor changes:
substituting parents for mothers and changing the heading for the 50-yard dash

to TIME .FOR 50-YARD DASH as a small clue to help students interpret that data.
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GRADE 7, 11

3. BELOW ARE TwO COLUMNS OF NUMBERS, A AND B. BEGIN BY WRITING
THE ANSWERS TO THE MULTIPLICATIONS IN THE BLANKS PROVIDED.
THEN ANSWER THE QUESTIONS THAT FOLLOW-

A B
3x5=__ b x4 =__
b x 6= __ 5x5=__
5x7 = . 6 x 6 =

(A) Look FOR THE PATTERNS IN A AND B. WHAT SHOULD BE THE
NEXT LINE IN EACH OF THE COLUMNS?

(B) FILL IN THE NUMBERS IN COLUMN A THAT wOULD BE ON THE
SAME LINE AS THOSE GIVEN IN COLUMN B BELOW-.

A B

X = 100 x 100 = __

(C) EXPLAIN THE RELATIGNSHIP BETWEEN THE EOQUATIONS IN COLUMN
A AND coLuMN B.

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATIOM FOR
ANY NUMBER N.

o | 107
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’ " Number Relationships
Section 2 - Group
Grade 7M,7S - #3
11M,118 - #2

a) Score 2 pts. for correct response:
6 x 8 =48 7x7 =49
Score 1 pt. for an incomplete or incorrect response.
Score 0 for no response.

b) Score 2 pts. for correct response:
99 x 101 = 9999 = 1000
(acceptable without the product - 1.e. 99 x 101)
Score 1 pt. for an incorrect response.
Score 0 for no response.

c) Score 3 pts. for a complete or accurate explanation such as The
square of any number {or any number multiplied by itself) 1s one more
than the product of the numbers one less and one more; or The
product of two numbers that differ by two 1s one less than the square
of the number between them.

Scove 2 pts. for an incomplete explanation that £s correct as far as
it goes such as The product (answer) on the left is always one less
than the product (answer on the right); The answer on the right {is
always one more than the answer on the left; The numbers on the left

O are one more and one less than the number squared (or multiplied by
itself) on the right.

Score 1 pt. for an incorrect or irrelevant explanation.
Score 0 for no response.

d) Score 2 pts. for a correﬁt response such as:
(o-1)(n+1)=n°“-] ornxn -1
m-D(n+1)+1=n“ornxn

Score 1 pt. for an incorrect response.
Score 0 for no response.

Skills involved:

In this exercise students need to infer a relationship from a set of
nunerical patterns and express this relationship in a generalized form.
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(A)

(A)

Pact O

QeVENTH SRADE Score PoInT 1

Look FOR THE PATTERNS IN A AND B. WHAT SHOULD BE THE
NEXT LINE IN EACH OF THE COLUMNS?

A | B 0

7 x9-63 1 x7 =99

QEVENTH ARADE  SCORE POINT 2

Look FOR THE PATTERNS IN A AND B. WHAT SHOULD BE THE
NEXT LINE IN EACH OF THE COLUMNS?

A )il
b x @ -=4% dxa=H49
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ELEVENTH SRADE  SCORE POINT 2 Port

(A)  Look For THE PATTERNS IN A AND B.

WHAT sHouLp BE
THE
NEXT LINE IN EACH OF THE COLUMNS?

A

B H
6xB =43 Tx7 - i ’2

ELEVENTH GRaDE  Score PoInT 1

(A) LoOK FOR THE PATTERNS IN A AND B. WHAT SHOULD RE THE
NEXT LINE IN EACH OF THE COLUMNS?

A B
=1 Ix1 =49

® 8

\..Q

X

ERC . 140




ok B

SEVENTH GRADE  Score PoINT 1

"

(B) FILL IN THE NUMBERS IN COLUMN A THAT woULD BE ON THE
SAME LINE AS THOSE GIVEN IN COLUMN B BeLOW.

A B @
19 x \oo- MO 100 x 100 = | QOO |

e SEVENTH RADE  Score PoINT 2

(B) FILL IN THE NUMBERS IN COLUMN A THAT WOULD BE ON THE

SAME LINE As THOSE GIVEN IN CoLUMN B BELOW.
A B

49 x D\ - gaaq 100 x 100 = Jogob @

ERIC . 111




ELEVENTH GRADE  SCORE Pomr‘l Cnct

(B)- FrLL IN THE NUMBERS IN COLUMN A THAT WOULD BE ON THE

SAME LINE AS THOSE GIVEN IN COLUMN B BELOW.

e el
99 x 101 = 9929 - 100 x 100 = }COOO

ELZVENTH SRADE  ScoRE PoINT 2

(B) .FILL.IN THE NUMBERS IN COLUMN A THAT WOULD BE ON THE
SAME LINE AS THOSE GIVEN IN COLUMN B BELOW.

A B
z x\lL =99 100 x 100 = OO




(C)

(C)

(C)

Pact C

SevenTH CRADE  Score POINT 3

EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIGNS IN COLUMN
A AND coLuMN B.

The numberS i cz&mn_ﬁ_w_m_e__m.med

one less ‘Hmm ‘H;ase, I h co/DmnB, The anfwers @

EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND coLuMn B.

IhenrOdUC'r vn A 1s QIW&USJJLJQS‘S
tha.a_th_gp_m_dur‘f‘ wn B. The +wo _numbers

_II\A are Q \w.aqs I less aAncdl 1moae ?‘ﬁ
H‘ot \dawhcle one: inColumb.

EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS [N COLUMN
A AND coLUMN B.

X Hameg X «143 O cixlgaajﬁé/\, <\§%§i>
7

_té.ﬁ_, }(, +MA Y‘f’l
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Cart C

ELEVENTH GRADE  Score POINT 3

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND coLumNn B.

\l tg/";‘%-L : # L
by rheclt ot s T L

bebre ard older the 72

7ﬁ6crqé$;. f%f; chﬁcnvwr 'S av76-7‘¢*“”4¥”’ *Lf%kb’—#%’q

(C) ExPLAIN THE RCLATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND coLumN B.

Cotumag Q’ S ANUVBRIAL VALUG (S  Aways 1L 2‘
LESS THAN COLUMAS Q'Q- COUJMM A MRES

@
THE MNUMBTER T Rlder son Lo EY . THAL 1A
‘ OLMN B N0 MUCTIFLIES THemn USRI

(C) EXPLAIN THE RELATIONSHIP BETWEEN ‘THE EQUATIONS IN COLUMN
. A AND COLUMN B.

re%wrmﬁ:n&swmw A ) mumnnrammm
0_nuied ong 1€ 4 ona mm_,mam‘@lomw

B. _coluvmn Are _peadotk s | l&T tnan
(0\yvmn © .

114
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Cost C

SEVENTH ARADE  Score POINT 2

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A anND coLumn B.

e OXCURr X0 cadueenN PN waae
ong \&S N\on o\ D @

(C) ExpLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND coLuMn B.

(C) EXPLAIN THF RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND coLuMN B.

B A hi*t damp nvumfhmj S -ﬂLuﬁﬁfﬂﬁL <g;§g

A o0 T sseden Ll
ST e o A b T Hen [ 1B
| I ML 'tﬂvan ’24w0L:AVE5

ERIC | 115
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ELEVENTH GRADE  SCORE POINT 2 vy C

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND cOLUMN B. .

The Hiest #(k>Ccﬂ QQPIA 1= llgss +har\~Hw¢.1ﬁf1#<Wﬂ
Cal. \)02 B, the 27 =(hn CO\QB of M | o Hoon
e 2™ (00 0o lumn 2) ofpy

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AnND COLUMN B.

INn Colurnr B +he anavser /s
auﬁm‘“me after Column A

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND coLuMN B.

_Clumy B 5SS B HS kel shile :Z—

_lumn A IS W 1o, bk and e vn o
hies  eath other

EKC - 116

Aruitoxt provided by Eic:



sk C

SevENTH GrAaDE Score PoInT 1

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND coLuMN B.

A, _Eachh  pumber \& - Onle \'{\qhef .
B. Bachh vwmber (g the Sa_mé, @

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS !N COLUMN
A AND coLuMN B.

® o Zncolvm A the numbers are mulbipliod |
2 _less than theother and B you -hmec J—be @
Ny mber by fhesam e num ber

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND coLUMN B.

N colurn oo o Qoden for C
ncn  QroP\ermn, and ors
er cm 0 BOADC

ERIC 117
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ELEVENTH GRaDE  Score PoinT 1

Cact C

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND coLumN'B.

&thaiuﬁv“ 4h =Re. 4w;4£ﬂb

and.- aLuwyA AN U ///

Ao, R - MM-(»AM ppar RN n AP me&a(wwwuhm ~

G- fﬁmme,dlwwc‘ JZ,Z,,M ﬂ&»&%nm Trano_

(C)
A AND coLuMN B.

-{—hau P Mol ak ona nuum@ed

R . XRAe fos X ea

EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

”

MM ,@u aNe oAcC W e,

A dsea N nondd

A - DB at
oS- Ma&m

DO o Qe

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND COLUMN B.

“Ik numbae re wu/#;‘p/ﬁecf

ace  ntVeafivg bot

-Wu{ have  starded ot d CLernt Tombire,
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Cack D

SEvENTH GRADE Score PoiInT 2

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR

ANY NUMBP‘N V)Q CO vmn B

(-t (o) ey

Please continue on next page. pp»

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR
ANY NUMBER N.

cslumn A colom g3 (\Q)

——a

(N41) Y(/V'l). v oer Ax A

Please continue on next page. P

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR

ANY NUMBER N. B X
A s
B= -
B~/ x B+i=c-y Bxb=C \fB

Please continue on next page. p»
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FLEVENTH 5RADE  SCORE PoINT 2 ?QJA\ O

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR
ANY NUMBER N.

()= n?

(n-v Xy ) e n? :72-

Please continue on next page. B>

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR

| | ANY NUMB%g N. gi__ C;iz\J ‘
® N xn+2) = ¥ M+ X (N+D X +|
ovr -
N+

Please continue on next page. p>

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR

R S o
¢ )= ( 9.

Please continue on next page. p
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Per ©

’ SEVENTH GrADE  Scorz PoinT 1

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR

ANY NUMBER N.
§ AN =64 |

Please continue on next page. p

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR

ANY NUMBER N.
RxQ -
@ N\ T\:g}

Please continue on next page. P

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR
ANY NUMBER N.

Please continue on next page. B>
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® ELEVENTH GRADE  Score PoInT 1

SYMBOLS AS AN EQUAT]ON FOR
ANY NUMBER N. .

A 8 /
(/ \/"‘/)\ ( }Q.L_.‘.,l) N ¥ r

ANY NUMBER N.

® OISR ® @

(n1L) (nt2)

() (1) cw*sg (v+3)
(w1 +9) (n4Y) (n+y)
(1B 18)

Please continue on next page. p

(D)  ExpPrEss THIs RELATIONSHIP IN SYMBOLS As AN EQUATION FOR

ANY NUMBER N.

N x N =V '
(N (N+RY = |

Please continue on next page. p
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Comments on Number Relationships (Grades 7 and 11)

This mathematical exercise requiréd students to demonstrate recogrition
of a pattern in Part A, then to extrapolate it in Part B, determine how the
two eguations are related and express the generalized relationship verbaily in
Part C, and symbolically in Part D.

This exercise appears to be appropriate for both grades 7 and 11.
Seventy-six percent of seventh graders and 94 percent of 1lth graders in the

sample extended the pattern one step in Part A. Fewer extrapolated the

| re]atiohship to 100 x 100 in Part B. Very few seventh graders successfully

expressed the complete relationship in Parts C and D, although some expressed
part of the relationship in Part C. As a group, eleventh-grade students
performed better than seventh-grade students on ail parts of this task. There
was little difference between the performance of girls and boys in the sample.

Since the factoring, n2 -1=(n+1) (n-1), is familiar in algebra
classes, it was important to make sure that experience with aigebra was not a
sufficient condition for solving the probiem. Given the fact that nmore than
90 percent of the eleventh grade sample reported having taken Algebra 1 and 77
peircent reported having had second year algebra, and only 18 percent provided
the formula or its equivalert in Part D, it appears that the exercise requires
thinking beyond the routire.

The advisory panel recommended this exercise for future use with one
change. They suggested that Parts C and D be comuined, giving students a

choice of expressing the relationship verbally or symbolically. This change

would not require pilot testing again.
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GRADE 7, 11

QE§ ' 3. IMN A STATE WITH A 5% SALES TAX ON RESTAURANT BILLS, ALFREDO'S
RESTAURANT ADDS A 15% TIP AUTOMATICALLY TO THE FOOD cCOST AND
THEN ADDS 5% OF THE TOTAL FOR TAX.

DiMINIQUE'S RESTAURANT ADDS THE 5% TAX TO THE FOOD BILL AND
LEAVES THE AMOUNT OF THE TIP TO THE PATRON-.

SUPPOSE TwWO GROUPS HAD A FooD BILL oF $100, oNE AT EACH
RESTAURANT.

(A) THE cusToMER AT DoMINIQUE’'S LEAVES A 15%Z TIP FIGURED ON
THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN
DOMINIQUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL
BILL THAN THE CUSTOMER IN ALFREDD’S FOR THE SAME FOOD
cosT?

‘ID (B)

Is THE WAITER'S TIP IN DOMINIQUE'S THE SAME, MORE, OR
LESS THAN THE TIP IN ALFREDQ’S?

.

(C) IF THE cusToMER AT DOMINIQUE’'S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LESS?

Please continue on next page. pp-
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- Restaurants
O Section 2 - Group
Grade 7M,7S - #4
IM,118- #3

a) Score 2 pts. for correct answer ~ the same.
Score pt. for incorrect answer.
Score 0 for no response.

ot

b) Score 2 pts. for correct answer — more.
Score 1 pt. for incorrect answer.
Score 0 for no response.

c) Score 2 pts. for correct answer -~ less.
Score 1 pt. for incorrect answer.
Score 0 for no response.

Skills involved:

In this exercise students need to extract information from written
materials in order to reach a conclusion.
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Poct QO

SEVENTH ARADE  SCORE POINT 2

(A) THE cusToMER AT DOMINIQUE'S LEAVES A 153 TIP FIGURED ON
THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN
DOMINIQUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL
BILL THAN THE CUSTOMER IN ALFREDN'S FOR THE SAME FOOD
cosT?

-GN p
(A) THE CUSTOMER AT DOMINIQUE'S LEAVES A 15%¢ Ti- FIGURED ON
THE FOOD COST PLUS THE TAX. DoES THE CUSTOMER IN
DOMINIQUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL
BILL THAN THE CUSTOMER IN ALFREDO'S FOR THE SAME FOOD
‘ cosT?
AN
roise Some
(A)

THE CUSTOMER AT DOMINIQUE'S LEAVES A 15% TIP FIGURED oN

THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER 1IN
DOMINIQUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL

BILL THAN THE CUSTOMER IN ALFREDO'S FOR THE SAME FOOD
cosT? :

=t Sacn\2 @




FLEVENTH GRADE  SCORE POINT 2 Past O,

1
(A) THE cusTOMER AT DOMINIQUE'S LEAVES A 15% TIP FIGURED ON ug’-
¢

THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN =
DoMINIQUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL =¢

BILL THAN THE CUSTOMER IN ALFREDO’S FOR THE SAME FOOD 'ﬁ,{
cosT? : R

. | 1 2_ g

T4 i< the <At e %
| Lot

(A) THE cusToMER AT DOMINIQUE’'S LEAVES A 15% TIP FIGURED ON

THE "FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN
DOMINIQUE’'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL
BILL THAN THE CUSTOMER IN ALFREDO’S FOR THE SAME FOOD
cosT?

) oAME | = rQ

- , ’ \‘L\.‘.\ '
(A)  THE CUSTOMER AT DOMINIQUE'S LEAVES A 15% TIP FIGURED ON 4}7 IS
THE FOOD COST PLUS" THE TAX. DOES THE CUSTOMER IN :

STyl
DOMINIQUE’S PAY THE saME, MORE, OR LESS FOR THE TOTAL TN TAS
BILL THAN THE CUSTOMER IN ALFREDO'S  FOR:THE SAME FOOD

cosT? .

J[Qvl@mgm )[/\D DM@ 2, MMA@"L | Q"

A 127




QevENTH GRADE Score Point 1

(A) THE cusTOMER AT DoMINIQUE'S LEAVES A 157 TIP FIGURED

(A)

(A)

THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN
DQMIHIOUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL

ON

BILL THAN THE CUSTOMER IN ALFREDO'S FOR THE SAME FOOD
cosT?
THE cuUSTOMER AT DOMINIQUE'S LEAVES A 15%Z TIP FIGURED ON

THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN
DQQINIQUE'§ PAY THE SAME, MORE, OR LESS FOR THE TOTAL

BILL THAN THE CUSTOMER IN ALFREDO'S FOR THE SAME FOOD
cosT?

aem_%t.&_-%aa?@ J&uus

THE CUSTOMER AT DOMINIQUE'S LEAVES A 15% TIP FIGURED ON
THE FOOD COST PLUS THE TAX. DOEs THE CUSTOMER IN

DOM[N[QUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL
BILL THAN THE CUSTOMER IN ALFRFDQ'S FOR THE SAME FOOD

cosT?

nds e %?'1 A

o/

0,

Yrawo ' dhat ey dont tneed YoPay Q +ip
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Yok O
ELEVENTH GRaDE  Score PoInT 1

(A)  THE cusToMer AT DoMINIQUE’S LEAVES A 15% TIP FIGURED ON

THE FOOD COST PLUS THE TAX. - DoEs THE CUSTOMER 1IN &«
' Trt
DoMINIQUE'S PAY THE same, MORE, OR LESS,FOR THE TOTAL =

BILL THAN THE CUSTOMER IN ALFREDO’S
cosT? :

FQRITHE SAME FO0OOD
| DO INIQULY = ess
o (vl komor oF A Ers gos poY) rrbrc | / '

———

[}

(A) THE cUSTOMER AT DOMINIQUE’S LEAVES A 152 TIP FIGURED oN
THE FOOD COST PLUS THE TAX. DoEs THE CUSTOMER IN

DomiNnieug’s PAY THE SAME, MORE, OR LESS FOR THE TOTAL

BILL THAN THE CUSTOMER IN ALFREDO’s FOR THE SAME FoOD
cosT?

> | _The coshmer 534S rrore gt A |

’ ¥ YIS,
(A) THE CUSTOMER AT DOMINIQUE’S LEAVES A 152 TIP FIGURED ON
THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN
DoMINIQUE’S PAY THE saMe, MORE, OR LESS FOR THE TOTAL

BILL THAN THE CUSTOMER IN ALFREDO’S  FOR THE SAME FOOD
cosT? i

J-L_prdu‘s sf,«‘%hﬂn,} lss = - / '

/
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SEVENTH ARADE  Score POINT 2

(B) Is THE WAITER'S TIP IN DOMINIQUE’S THE SAME, MORE, OR

LESS THAN THE TIP IN ALFREpn's?

N0l

(B) Is THE WAITER'S TIP IN DOMINIQUE’S THE SAME, MORE, OR

LESS THAN THE TIP IN ALFREDO'S?

a NN

(B) Is THE WAITER'S TIP IN DOMINIQUE'S THE SAME, MORE, OR
LESS THAN THE TIP IN ALFREDO’S?

mar€
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o Rasx'
ELEVENTH 5RADE  Score PoINT 2

7

(B) 1Is THE waiTerR's TIP IN DOMINIQUE’S THE SAME, MORE, OR
LESS THAN THE TIP IN ALFREDO’'S? i 2 '

The Hip i +he ore ¢t "DM'\‘V\\"%'S

(B) Is THE WAITER'S TIP IN DOMINIQUE'S THE SAME, MORE, OR
LESS THAN THE TIP IN ALFREDO’S?

(B) Is THE WAITER'S TIP IN DOMINIQUE'S THE SAME, MORE, OR

ID LESS THAN THE TIP IN ALFREDO'S?
MO E C; L '
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Carx &

SEVENTH GpADE  Score PoInT 1

(B) Is THE WAITER'S TiIP IN DOMINIQUE’'S THE SAME, MORE, OR
LESS THAN THE TIP IN ALFREDO'S? '

g & Yo, Dawﬂ_ei’_lbm\‘?g

fBYys Mmore of MSS hen 15% .

LESS THAN THE TIP IN ALFRED0's?

(B) Is THE WAITER'S TIP IN DOMINIQUE’S THE SAME, MORE, OR
LESS THAN THE TIP IN ALFREDO'S? o
[Esce T4 deperd5 on how mMucha 4 P the
Coystomer
qives -
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ELEVENTH GRADE  ScORE PoiINT 1

(B) Is THE WAITER'S TIP N ngzuxgus’s THE SAME, MORE, or
LESS 'THAN THE TIp IN ALFREDO'g?

~ ~
i - ~-
. A

(8) Is THE WAITER'S TIP IN DomM 1uxguﬁ S THE SAME, MORE, OR °

LESS THAN THE TIP IN ALFREDO'g?

Ib (B Is THE WAITER'S TIP IN DOMINIQUE’'S THE SAME, MORE, OR
LESS THAN THE TIP IN ALFREDOQ'sS?

/ ;
Lerss?s
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Past C

‘ QevENTH ARADE  Score POINT 2
(C) IF THE cusTOMER AT DOMINIQUE’S HAD FIGURED THE TIP ON

THE FOOD COST BEFORE TAX, wWOULD THE TOTAL SPENT BE THF

SAME, MORE, OR LESS? i;L

(C) IF THE cusTOMER AT DOMINIQUE’S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THF N\

SAME, MORE, OR LESS? <E§£)

(C) IF THE cuUSTOMER AT DOMINIQUE'S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LESS?

Doon

2
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ParXC

. : P 2
ELEVENTH SRADE  SCORE "OINT

(C) IF THE CUSTOMER AT DOMINIQUE'S HAD FIGURED THE TIP ON

THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LEss?

’ LLEDSS ' O’

(C) IF THE cuSTOMER AT JDOMINIQUE’'S HAD FIGURED THE TIP ON

-THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LESS?

- word ko Mo e~st<7?‘

(C) IF THE CUSTOMER AT DOMINIQUE’'S HAD FIGURED THE TIP ON

THE FOOD cosT BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LESS?

\ess ni; |
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VYosk C

SEVENTH GRADE  SCORE POINT 1

(C) IF THE cusTOMER AT DOMINIQUE’S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LEss?

AN e 8

’

(C) IF THE cusToMER AT DOMINIQUE’'S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LESS?

S Ame,

]

(C) IF THE CUSTOMER AT ngzuxgug S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE
SAME, MORE, OR LESsS?

N\l L
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FLeEvENTH GRapE  Score PoInT 1

(C) IF THE cusTOMER AT DoMINIQUE’'S HAD FIGURED THE TIP ON

THE FOOD COST BEFORE TAX, WOULD THE TOYAL' SPENT BE THE
~ SAME, MORE, OR LESS? : '

Jame

(C) IF THE CUSTOMER AT DOMINIQUE’S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE

SAME, MORE, OR LESS?

SaMe o - '

(C) IF THE cusToMER AT DOMINIQUE’S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TOTAL SPENT BE THE

SAME, MORE, OR LESS? |

ey lod o bl o dho 2ma.
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' : Comments on Restaurant (Grades 7 and 11)

This is a mathematical problem thét could be solved by logical analysis
with an understanding of percents, or by actual computation of percents and
comparison of results. Although it was assumed that seventh grade students
would have Tearned to compute percents, the computations were kept simple by
using $100 as the base. However, about one-half of the seventh graders did
not respond.

Based on the unsatisfactory results and the likelihood that there would
be too much disparity in students' experiences with restaurants and tips, the

advisory panel recommended that this exercise not be used in the future.
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GRADE 11

‘ ' 4. UsSUALLY YOUR HEART BEATS REGULARLY AT A NORMAL RATE WHEN YOU
ARE AT REST. SUPPOSE SOMEONE ASKS YOU THE FOLLOWING
QUESTIONS: DOES YOUR HEART RATE GO UP OR DOWN WHEN YOU
EXERCISE? HOW MUCH DOES YOUR HEART RATE CHANGE WHEN YoU
EXERCISE? HOW LONG DOES THE EFFECT LAST?

THINK ABOUT WHAT YOU WOULD DO TO FIND ANSWERS TO THE
QUESTIONS ABCVE. WHAT TYPE OF EXPERIMENT WOULD YOU DESIGN TO
ANSWER THE QUESTIONS? ASSUME THAT YOU HAVE THE FOLLOWING
EQUIPMENT AVAILABLE TO USE: AN INSTRUMENT TO MEASURE YOUR
HEART RATE SUCH AS A PULSE METER, A STOP WATCH, AND SOME
GRAPH PAPER-

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.

B> STOP Do not continue until told to do so.

139




. Heart Rate

Section 2 - Group
Grade 11IM,11S8 - #4

1) Pertains to scoring for the experimental design (without reference to
repeated trials which 1s scored under 2).

Score 6 pts. for a2ll essential elements:

Baseline - at rest heart rate

Timed exercilse

Heart rate measuvred immediately after exercise

Repeated measurement of heart rate over course of time until normal

(Note: Acceptable repeated measurement statements include those
equivalent to: "...continue to take pulse rate until normal..” when the
student has indicated that the pulse meter has been strapped on or
attached to the subject.)

Score 5 pts. for noting all of the above EXCEPT that the post-exercise
measurement 1s taken only after a specified time lapse or providing a
vague post—exerclise statement such as "..time myself until normal."
without specifying repeated measurements.

Scorc 4 pts. for noting all of the above EXCEPT that exercise isn't

‘ timed.

Score 3 pts. for any experiment that includes baseline measurements
and some statements (accurate or inaccurate) about two other variables
of the experiment.

Score 2 pts. for any experiment that doesn't include a baseline
measurement.

Score 1 pt. for an irrelevant or meaningless experiment or very
incomplete experiment that doesn't go beyond exercise.

Score 0 for no response.

2) Pertains to repeated trials:

Score 2 pts. for repeating the experiment using different durations of
exercise.

Score 1 pt. for any other 1ndication.of a need for repetition.
Score 0 for no mention of repetition.

Skills involved:

In this exercise students need to design a reliable experiment to
address a given problem. The student must accomplish this by first
0 identifying key independent and control variables.
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ELEVENTH GRADE  Score POINT 6

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
’ THESE QUESTIONS.

Crst  measore my hear '}' beat  ofter
Sitting o an hour or wore. Than bea.n
Somﬁv 'K(«a\ 0¥ CxXerciSe Luvm.hq \)vwfmq quég)
gv qloo».r’{ )O mmu"’e& JD\)V\ML ‘M\v exaverSe
checK  every  Qdmin, +o see o chowgy i
OulSe. N{\‘L 13’&0 exerciSing  and  relax  why le ((;
mr‘°°"“” (be('k""q WLLL DJui&C evy  Amin, affe, =
‘ TQKL Vhe so I"eSuHI omd F.Yn'- Jhe m
ON __a qvao\ﬁ Tran  vie Hat o sbcerue

]
C(/\WV“L?S I pu\gg f’aT{'e, /[\Ag qvbnl tan '/c”

|
fav Chwe e greatbst  incveses oeed
’ 0(‘4.\(@.«.365 vk dUYII\{] /ﬂw 1 I'\our p&hec!

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.

étzoi - lake 2 1-MiN., peact cate m.ms
erane, the oo, n(‘aph +he rfﬁ%

47-}\0052- éxc,e,(‘C.me St 8 MiNV LS

Mﬁpulﬁé Sor L.
5‘("8‘0'4" feat one, in otQ O&ﬁD\ﬂM C

5(-:@95 take Q\se ol \Mu\J _Cest ane
| H\N;ax;e aJtern@qu o) polse
eads #he <ard< as be}’cre_
exeert7 o

® Step - ataph cesubg
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ELEVENTH GRADE  Score PoINT 6

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS

Tu )\(jA(DOL d4Aarg SN (G%’r\m Qu NS Q
X ecodd Yrod on :&!ﬁ_%mabmmr
e x= L) NP vopr SDCZ0 9x¢

L e oo Wy DLA\Se QCYer Hhat, Lo
hen WO (‘()@9}’ anh-Hf\Qf&O S

Q @@\f@t@(‘im} pUISC. IeeBile
OANHNUL INAD R UYL e m&H@I N
LS (W@Qr Then Tapuld cordne

. C ML Do QUEN| AD <.
Chil (,omw oo\ 4D no/mim\
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ELEVENTH GRADE  SCORE POINT 5

‘, BRIEFLY DESCRIBE HOW YoOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS. .

FirsT Taxce Soveoney HeaRT Bedl e
D SBeonms WHie AT REIT AND muLTieLy
THOT  nuoneen By Y. B6T AT wymgee.
en) B eE/EH N THE, oAl THAT SOYS
' "H::TE—JQ O vienTes o= Runidg 'l NexT
HOVE A FE¥YSoN RO Frwe. 1 inguTe
AN THed Recnwen: Wis  HeaeT BAT.
e, T oowwrTe RefT  EEcoll TO
Deony . T Tue HealTReaT THaT THS
. ERSoM HAYD acTr e RUNDING Tay THE O\
® THAT <Ows "ArTe  Too mmlTeEs ac
PUNMNG MY TTEsT Tire Ricson) 00 U@ va
P oowureg o Possinig ano taig Tive
EST THE Cresow L opnoTe  aele DERUSNG
T00.On tue, BACK. o The (Ragh PRS.
AL, ANOTHER. RA¥ma OF THe HTRATES
FTER I ownuTe LeST.
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ELEVENTH CRADE  SCORE POINT 5

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO

THESE QUESTIONS. (rw\& Jl.)r-tro do SO
| exercise o

1) Tale_heat+ begr betore exercise _ymanc on grapn 7
2) PReI\Ee o T pwu e Tovg hmrr heat .
. 2)0vKe_heark _bear ha) aohe down kn  noyried
wmeruse S ynminuKs  Meayure hearl pead,
4l when peariheat i @one down iy Vigyived
bUeydle 10 vwaviv ks Meaaune
5) CONH e P cess, aj_l)a on 5 wminubes Jf (&
OHYr Mor & Hwwey hear Mw o) ¥4 cned
o_oplateaut (yate L 15 ywoin = 20 min Vet
Siop ORAPH pojute on chart,

, L ——

-~

S
-

v

s o

beaw
s
IR

T

0 3 10 & e

BRIEFLY DESCRIBE HOW YOU MIGHT GG 6 '~'* TINDING ANSWERS TO

THESE QUESTIONS.

\'\0\\&‘ A ‘5(8’0\ ‘gu'b e (V \c\\, _.& f‘t%*
, T\ WMo beed tde Tede S Ten \anse
\IN\ \oce (g N O\OJ..G— QOF V Aade . T:A\(L \;&S QU @

S oxete ond Wan \E Lin ped on))

0 Wy PR aoes a\»Wr\ kvo NONeag\, ) Vime Moo
\°M. f* ‘\&t) %r W (‘o&\\ Ao %o Qo wa

U&‘*\&C\) e
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ELEvENTH GRADE  Score PoINnT 4
BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS-

Nou Lo w\d Bray dalce My Recit cake o~

G (\Derom At rest Pagn  pou oo\ %a.ve_

Mo run, Jou would o | o oSiace -
hoact sate  naain  and Ko pnc. ofF i
e - mimare intecvals unh] v cocs back 4o
Noca~ol. Then ’Q‘d'\' W Lecncded Wwoped

cores oA W G4 caph poger.
BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS To

THESE QUESTIONS.

Fvrats £ ol d opapl D 630 st
Slants b */V’/)J,‘an e et JMMUM 4l
L Loprid ao - Lé at 4 ﬁ
W&,m o{wfmd; gQW htre wrld ~
C’MDL— “h &) /,cwt A %(/)z,a @fj‘ g Shal
weuld, g aoA, % s1J ng 4] eppect

Losteds er WM g

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOLUT FINDING ANSWERS TO
THESE QUESTIONS.

O?Muz OKJMA NAM:?‘AM O&Mmddw e Ww y
Qpedptles, - Q) ‘el P - wheq__
N ATy oldl Lp D O %myg:a
b plAt 2 a0l r)ﬂman/_mm A,owmw.d&—
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FLEVENTH GRADE  SCORE POINT 3

'D BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.

oot o weld aluady s laded
O o) \U@A@W CaS "ok uur* tlen_
\flULM a uf@w\ﬁ /ID .-@M mAWﬂW
~ (l\*\u «\SO)-R:\ Uy step  wesknk .A,,Q« O Corhras
1o wetd pogin %Man}‘- 3
LJL(\dU \) U&LQ.LI uu,mow’ JCLLA (/\J&(N‘Lﬂ"l(w O
Caepd odby M dona o AL sen  lon

N lLrSQLL..M On‘I' (WL Lm ﬁgga LJ\D.M&J
_5@).0/ N HMAW«-M LeoA st

LLHU/( EFETE it o LQJWQM,\
w)u S OLon-

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.

To Lind ot he D SO U

Niaont eat ot mﬁwthqg
M NAL . et Do A (7
0 A0 LKA O
A ALTTCLAL - 4
Eaanenne Jow g mun e
Adon count Hho Dt o

N2 NCALLED
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FLEVENTH GRADE  SCORE POINT 3

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.

Firat %m l.wnu\(Q Lo Mo Qnrmo\ srr\e o eact
boaXs A A cocdain Syl 50 ~€ “nmq. “ROLI DAQ.
punivde,  Theo  exereiSe Lo o X 2 & r@+‘n~c..
Y seXo oo ot o vaa el oot 9o C
m\r\\g\—\c NS nm«w@cxﬂ e Q0 QN8 713003
Yo =00 f Hhe rcd( oo+ @ ar dacon, Aal
o difbetnco bottven J—{«m'ﬁ/om N e hoCs +o
see. Now much e healttd cale Ohnnaoo
S exec'\s@  Arl Meon calcedode W\SL
Mmmk—d e Loe (Onich uwzm heaCt+
oy e loo\\-k; older pxoccise, n-\— Yot oce
émm— thes _secies 8+ o 4tvtes a /mmier

iMoo & ; 4~ —Per AN VDo 'QaMQg
€&M‘\ s on G/r@oh oager v
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ELEVENTH SRADE ~ Score PoINnT 2

@ BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS. ’

o s 1/ 7AM 2 A"W
Ak Al Baccln  an A2
’ﬁﬂn <8 4\@/] o snima A 4 StHhim -
L M/;n-/v\_ l.\; Ziank "7{0«4 '4 IOJALLQ o
ol F  oeminn 4§ A1 in( wat +
4 /T ~
oo ey M) Foaie 4 apfisicg
At ( Lorepud o df Aewmss <« potis
o Than L,},a.u}aﬂ s a4t

'urnf @_m?____/!;w é@—ril /\/Al M/x’((/z,

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDILNG ANSWERS TO
THESE QUESTIONS.

@

' \,%477 /st Culu e AT e — P RN 71 A8 ug—cr‘) CLLOID.P-CZ LUC
. —OQamescend of Tiomg (s bz yroteh S Fivio
Q441NN 5 [la@\ Upe +hy {"U'O ng vNda e tost
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T e Lﬂmﬁ ot drke 0 AL N
— v >
Ruloe  pate o 8a+ JdmeR iy meovma f
L%&-# The e LH:% O A aonn )r:..l'\ )

@

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDENG ANSWERS TO
THESE QUESTIONS.

Tt T owauld prertines and with Yhe
et medee Towonnld eheell my oylee,
10 oee, Whtther o beack vak, {otreased
o vok-. Aer Yhat! T would take, Jhe, B

(Y dDK =ADe- And 1&;\@ (. o i the Avoid




ELEVENTH GRaDE  Score POINT 1

O BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.

T weuld otf theoe oplo Tuz birst parson)
woyld oxecerse I 4y0 ho (s’ cest L0 ane
exeCCize x40 wot® The Second W o [dexecise.
8 bou?  fest e keeise quotho Chour ya (et The

4h.(r®426(50u wou' [d exetcise Lo 2 howo €5 4ot
cesk £00 oL :

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.

SNy k,h‘h\“f“ ol weriddl ao KWMLL,L( 2af
< aocel - TThew c.D__tm&& s s Ruluhn:
® .- Jniend b0 bmoun o T o
 Tthe  wnabivonasth ety ed ek e
TDJ/\,O MUy VML M epgre v T - Thonr o0 would
C}H' N Yo wad der, the O ALUEAA,

©

BRIEFLY DESCRIBE How YOU MIGHT GO ABOUT FINDING ANSWERS ToQ
THESE QUESTIONS.

Vﬁz LoAB]L r-Aﬁ[t (ALC O fpezt [\/m arle  PFero rT. Q
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Aruitoxt provided by Eic:



ELEVENTH GRADE  Score PoInT 1

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS To
THESE QUESTIONS. '
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Comments on Heart Rate and Exercise (Grade 11)

This exercise assesses the ability to design a reliable experiment by
identifying the key independent and control variables, describing how they
would be measured, and indicating how the experiment should be carried out.
The problem presented here was originally proposed for a full investigation.
This paper and pencil task was included as a prototype for ways to assess
thinking skills in bpiological contexts which pose difficulties for actual
implementation in an assessment.

The 30 percent of the sample who scored 0, no response, or 1 may have
been hampered by the time limits because this was the last group exercise.
Most of the level 1 scores were for very incomplete designs. There were very
few meaningless or irrelevant longer designs.

In any future operational use of this task cn a large sample, it would be

Q!b desirable to revise the scoring scheme to distinguish some categories of
response that are now combined. For example, it would be desirable to
separate out those students who design an experiment using a number of
subjects at the same time and those who take their own pulse rate at regular
intervals during exercise. Also, some means should be devised for noting
whether or not the gqraph paper was used and, if so, whether ( meaningful graph
was designed. The exercise apparently worked well and about one-fifth of the
students designed an experiment including all essential elements and controls.
However, very few mentioned the need for repeated trials, an important elcaent
in a reliable experiment. It ﬁight be dcgirab1e to try to develop a single
scoring scheme that combines both parts.

This exercise can be used without change in a future assessment. It is
possible that it would be appropriate also for grade 7, but should not be used

' at that level without pilot testing. Also, this exercise can serve as a

prototype for other tasks requiring design of an experiment.
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CHAPTER 2
‘ SELF-ADMINISTERED STATION ACTIVITIES

Activity Identification Grade(s)

Sorting, Classifying

Birds (classify) 3
Birds (sort) 3
Seeds (classify) ‘ 3,7,11
Seeds (sort) 7
Vertebrae (sort) 11

Observing, Inferencing and Formulating Hypotheses

Sand and Tubes 3,7,11
Rolling Funnels 3,7,11
Wig-Wag 3,7
‘ The Circle Game 3
The Numbers Game 7,11
Water on Brick 3
Balarce Scale 7,11
Double Staircase 3,7,11
Tubes and Capillaity 7,11
Conductivity 11

Interpreting Data

The Gumball Game 3,7,11
Bubbles 3,7,11
Magnet and Compass 11

Designing and Conducting an Experiment

Sugar Cubes 7

Q Magnets (strength) 3
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STATION 3
@

IHow are these birds different?

l

Here's what you do:

1) Write down three ways that birds A, B, and C are
different.

2) Now look at the bird labelled D. Does bird D look most
like hird A, bird B, or bird C ?

’ Explain what you found:

3) Write down three reasons why you think Bird D looks most
like the bird that you have chosen.

EBiq‘ 1‘53




Activity Identification: Birds (classify)

O Grade(s): 3

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biclogy

Apparatus required: Four pictures of birds Tabelled A, B, C, and D that are
- individually mounted cn cardboard. Birds should differ in morphology (type of
legs, beak, size, and coloring).

Administration: Administrator should place pictures of birds in front of the
student in a standardized position. :

Servicing: None required
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Birds (classify)
Station A
Grade 3 - gtation 3

Scoring of the Written Responses

1) Score 1 pt. each starting with code pt. 2 for every plausible listing
which specifies ways that birds A, B, and C are different. Score to a
maximum of the three best responses.

Score 1 pt. 1f the student provides an irrelevant response.

Score 0 1f the student makes no response. Responses which pertain to
incidental aspects (e.g., spots on the pictures) should not be scored.

2) Score 1 point if the student specifies which bird that bird D most
resembles. Score 0 if the student makes no response.

3) Score 1 pt. each starting with code pt. 2 for every listing which
specifies ways that bird D resembles the bird that has been chosen. Score to
a maximum of the three best responses. Score 1 pt. 1f the student makes an
irrelevant response. Score 0 if the student makes no response. Responses
which pertain to incfdental aspects should not be scored.

Skills 1irvolved

In this exercise the student 1s asked to make a classification of an
"unknown" Lased on observations about a set of stimuli. In order to make this
classification the etudent must make comparisons and contrasts among the
"known" stimull (i.e., the plctures of birds A, B, and C).



(PO

THIRD ARADE  SCORE PoINT 4

‘. 1) WRITE DOWN THREE WAYS THAT BIRDS A, B, AND C ARE
DIFFERENT. |
- Bhoc olormgtr DR
2. Chhas \orashk [eds (R,

5. AN aS D-Cen: co[gr Copth

1) WRITE DOWN THREE WAYS THAT BIRDS A, B, AxD C ARrE
DIFFERENT. ‘

1 Londh & Bah ' dboront  colenn @
2. _Dingk B Las _A ,/E;bEE¥ e -
3. Rind, . ‘QA&M Mél, ,(Z}C;M .

’ 1) WRITE DOWN THREE WAYS THAT BIRDS A, B, AND C ARE
DIFFERENT.

1. J]-\e Lo \90\5 _ave 3 LC e Sizes
=) | =
2. 17)6\/ have () :“C’cﬁwn'f 'ppt‘l‘Hmar'*& . @'
3. :[7’)?:!’" )’):’/9 O‘FO G\\l'mrpn+\ :
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1

1)

1)

ok |

THiRD GRADE  SCORE POINT 3

WRITE DOWN THREE WAYS THAT BIRDS A, B, aNp C ARE
DIFFERENT.

L ndle of dhuns honn_fong Jeg ,
2. DAL 0,5 Abavm ik whok /%LA @
. M4 botng ok Fherm farv horrg Aoy

WT;;§R22¥N THREE WAYS THAT BIRDS A, B, ﬁpn C ARE | ‘

D . v

. Thed 1 rnst ones /mda‘@’? |
2. 1T in€ Second gne hds wehel teet

s L]

. The Snrdon€ has Jang kkgs

L

WRITE DOWN THREE WAYS THAT BIRDS A, B, aND C ARE
DIFFERENT.

1. Tl o Ty Py
2. ‘H\Vﬁf” Test (\5
3. +Zhjplyﬂ' Lil/zﬁfi{s
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Pos |

THTRD GRADE  SCORE POINT 2

1) WRITE DOWN THREE WAYS THAT BIRDS A, B, ann C AR
DIFFERENT. 4 ,
' ' Yo ’ . ‘
i Xl M ont Beq ,pﬂw

2. _Ain Loy Lo Do £l
3. _Aa Doal in petite;

S HA B L]
. y B; A} D C ARE

1. —W\(itj are_dfforent Colors

2. _"ﬂ/\eg are l‘h dn"raf'éz:ﬁ_ﬂip—L-ﬁ_L_(aC 5>
3. :[h&g__ha_\_/g,;gfﬁﬁarew# ehapes

1) WRITE DOWN THREE WAYS THAT BIRDS A, B, anp C ARre
DIFFERENT.
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Yost |

THIRD GRADE  Score POINT 1

1) WRITE DOWN THREE wAys THAT BIRDS A, B, AND C ARE
DIFFERENT. . .

1) WrITE DoOwN THREE WAYS THAT BIRDS A, B, aND C are
DIFFERENT.

1. JLA&kbd )2;5 4@049*? ~—47

1) WRITE DOWN THREE wAYs THAT BIRDS A, B, AND ( ARE
DIFFERENT.

1. %v% ﬂc&M }5eﬁ¥ as Yong o+ +he o+HN¢

2. _his 4o 1= longeC, \
3. hi< kaLH 1< \Aogb+ C::)
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Cosrt DL

THIRD ARADE  SCORE PoInT 1

2) Now iook AT THE BIRD LABELLED D. DoEs BIRD I}, Look MosT

LIKE BIRD A, BIRD B, or BIRD C? _Qf fredy [ funcd

: @

2) Now LOOK AT THE BIRD LABELLED D.

DoEes BIRb D Look Mos
LIKE BIRD A, BIRD B, oR BIRD C ? T

(D

2) Now LOOK AT THE BIRD LABELLED D. Does BIkD D Loox #osT
LIKE BIRD A, BIRD B, oR BIRD C ?

o




THIRD ARADE  SCORE POINT 4

3) WRITE DOWN THREE REASONS WHY YOU THINK BIrRD D rLooOKs MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1. Ihjv \ﬁA_H’\ \‘\n\le \D(\o \fé? | R
Ee,r L\lj as_quaut ‘\“neq SAran clne ®

3Q Qq\;vc*rgl el \(‘m“"\’\&‘:;

3) WRITE DOWN THREE REAS [
ONS WHY YoOU THINK Birp D
LIKE THE BIRD THAT YOU HAVE CHOSEN. HOOKS MoST

-y 2/
1. ALl A2 Y I .’..1‘: Ll T

2' e '_,[ .

7 . "Mh:‘/, | X y

3) WRITE DCWN THREE REASONS WHY YOU
LIKE THE BIRD THAT YOU HAVE CHOSEN. BIRD D Looks MosT
L _SNAtD T houlg @,
2. 10ha l-ca-g

5. _bsth Y 1o hite cmd' b la <K
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Fort

THIRD GRADE  SCORE POINT 3

3) WRITE DOWN THREE REASONS WHY YOU THINK Birp D tzoks MosT
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1. _ R ﬂ,&gf& | .
2. __ /‘KA@( _M (3

LIKE THE BIRD THAT You HAVE CHOSEN.

1. _Th ggg’both have lQng_ngs
2. Theu both stond theg_qhﬁc way

3. Ihe; th  ‘have \on eaks

3) WRITE DOWN THREE REASONS WHY You THINK BIRD D Looks MOST T

qQ
~J

Q 3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
' LIKE THE BIRD THAT YOU HAVE CHOSEN.

l'k 3 1.7 Ohe Ceas®n i« ‘H\n"" r’ /(L’ps ']Lb der on
| e D 2% O The !ﬁECHJ ;}' Aooﬁés /ka- T has =
he =nic (p/ore { fealhelS ., T/’) e v AO +¢L, ' ha Ve / @3 JD&O 42', C
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3)

3)

Posd 3

THiRD CRADE * SCORE POINT 2

WRIT.: DOWN THREE REASONS WHY YOU THINK BIRD D LoOks MOsL-
LIKE THE BIRD THAT YOU HAVE CHOSEN.

a; . -
1. Rion Loily gng  ponnded =

JJ_AW/ a2 a.zf!__uzfu'fz
3. _A=1_4& oA |/ Apawﬁgt/l JQL/$/UP P s Ac{ﬂ,jL rs#@: .szélaucjg_

Sy~

WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU HAXYE CHOSEN.

, |
foore e, porid moas.

WRITE Down THREE RéAsoNs WHY Y |
LIKE THE BI l. IRD D Looks MosT
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Port 2

THIRD "RADE  Score PoINT 1

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1. I"' '{"‘a,naffé "l!"’\r’, Saafl< M//L/v. A
2. Thelr  both  chemoline, on vorke( )\ .
3. Tl’)ey hoth haye beools,

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
. LIKE THE BIRD THAT YOU HAVE CHOSEN-

1. I A feRr A spma oA Jrod ]
2. __oovd A
3

3) WRITE DOWN THREE REASONS WHY YOU THINK BIrRD D LooOKS MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN. '

1. _Tt=, 'l-egs are 5&‘.605/ m '
2. _ WS tecls - s OChog. |
3. _Ns  pobhe< ACE Mo came oclores,
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Comments on Birds(classify) Grade 3

For the first part of this exercise, 65 percent of the students compared
and contrasted the birds and specified at least one plausible way that they
were different, For the second part, about 45 percent of the students made
the best classification for Bird D.

For the third part, again about 65 percent of the students compared and
contrasted the birds and specified at least one plausible way that they were
similar. About 40 percent of the students discerned more than one plausible
similarity.

The advisory panel and the administrators agreed that the exercise was
appropriate for third graders. It provided rich, yet manageable stimuli for
students to make comparisons and contrasts. The materials also are
inexpensive, as well as very easy to set up and maintain. This exercise would

be well-suited for any future national assessment.



“RADE 3

STATION 3

WHICH BIRDS GO TOGETHER?

HERE'S WHAT You Do:

1) WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TWO 1REES-
SOMETHING MUST BE THE SAME ABOUY ALL THE BIRDS IN EACH

TREE.
You CAN WRITE THE LETTERS OF THE BIRDS IN EACH OF THE
TREES-
Ve
Tree 1 TrReEe 2

EXPLAIN WHAT YOU FOUND:

2) FiILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE-

How ARE THE BIRDS IN TREE 1 ALIKE?

How ARE THE BIRDS IN TREE 2 ALIKE?

EMC ]_ 6 o Please continue on next page. p»




3) Now PUT TIFFERENT BIRDS TOSETHER IN EACH OF THE TWO

TREES-
SOMETHING M''ST BE THE SAME ALOUT ALL THE BIRDS IN EACH
TREEL .
(:if |
\\ggiéﬂéi:i:> . \\

TREE 3 TREE U

EXPLAIN WHAT_YOU FOUND:

IP 4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE 3IRDS IN
EACH TREE ARE ALIKE.

How ARE THE 3IRDS IN TREE 3 ALIKE?

How ARE THE BIRDS IN TREE 4 ALIKE?
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‘ © Activity Identification: Birds (sort)

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biology

Apparatus requi~ed: Seven photographs of birds labelled A to G that are
- Individually mounted on cardboard. Birds shculd vary in morphology (color of
breast, beak, size, and crest).

Administration: Administrator should place the photographs in front of the
student. :

Servicing: None required
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Birds(sort)
Station B
Grade 3. - station 3

Scoring of the Written Responses

1) Score 2 pts. 1f the student is able to form two groups of birds which
include all birds and no repeats. ‘The birds in each group must be matched on
one of the four relevant cues (color, beak, size, and shape). Score 1 pt. 1f
the student either repeats or doesn't use all the birds. Score 0 if the
student makes no response.

2) Score 1 pt. starting with code pt. 2 for each plausible listing of
how the birds in each group are alike that 1s consistent with how the student
formed each group in 1). Score 1 for an irrelevant listing. Score 0 for no
response,

3) Score 2 pts. if the student 1s able to form two new groups of birds
which liffer by at least one bird per group from the groups formed in question
1) and are matched on one of the relevant cues. These groups should include
all birds and no repeats. Score ! pt. 1f the student doesn't use all birds
and/cr makes repeats. Score 0 if the student makes no response,

4) Score 1 pt. starting with code pt. 2 for each plausible listing of
how the birds in each group are alike that 1s consistent with how the student
formed each group in 3). Score 1 pt. for an irrelevant listing. Score 0 for
nn response.

Skills involved

In this exercise the student is asked to form groups, each based on
having one or more of the relevant stimulus attributes in common. In order to
form these groups the student must recognize similarities and differences
among all the stimuli.
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1)

1)

1)

Lo A
THIRD GRADE  SCORE PQINT 2
WRITE THE LETTERS OF THFE BIRDS THAT GO IN THE TwO TREES-.

SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE-.

You caN WRITE THE LETTERS OF THE RIRDS IN EACH OF THE
TREES-

®

TrRee 1 TREE 2
WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TWO TRCES-

SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE-

You CAN WRITE THE LETTERS OF THE RIRDS IN EACH OF THE
TREES. '

. —

nQCE

WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TwO TREES.
SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE-

You CAN WRITE THE LETTERS OF THE BIRDS IN EACH OF THE
TREES.

ACE
£
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THIRD GRADE  Score POINT 1 SRV

-

1) WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TWO TREES- (\L)'
SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE.

You CAN WRITE THE LETTERS OF THE BIRDS IN EACH OF THE
TREES.

: .
gy IE"

|

T

TrRee 1 TREE 2
1) WRITE THE LETTERS OF THE BIRDS THAT GO IN THE Two TREES- (i[/}

SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE.

You CAN WRITE THE LETTERS OF THE BIRDS IN EACH OF THE

) TREES.
® o
{:i’k; EE E% xg
X
Treg 1 TrRer 2

1) WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TWO TREES-
SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE.

~

You CAN WRITE THE LETTERS OF T4 #IRDS IN EACH OF THE
TREES. :

1
)
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ThikD Gibe  SCoRe PoInT 3 Qs
2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN N
© EACH TREE ARE ALIKE.
How ARE THE BIRDS IN Tree 1 ALIKE?
T %,u/ a.  amall S &)

How ARE THE BIRDS IN TREE 2 ALIKE?

T»guaj/ anfl, ud/ /@{ﬂ AD-/

2) FrLL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS il
EACH TREE ARE ALIKE. _

\x

How ARE THE BIRDS IN TREE 1 ALIKE?

Their ol ke Yinol of b(GCk a¥4 /l’l 750
@ -fhe\/ (’Jlmnsi l’\:’l(/ﬁ, 1he samt. “
.‘ }‘&’nm’

How ARE THE BIRDS IN TREE 2 ALIKE?

f ‘/MD n“ )mﬂg brow mn(‘ \/0' ?i_g-:)(“

/
\\1L’L nO{ HMN‘ Leer  Are al
i, -(formw n\oe pf‘@l"‘(\ the odhor Wiroe

2) FILL N THE SPALES BELUW 11U UEDUKRI:DE noum 1w DiNUe ..,
EACH TREE ARE &L IKE. i




THIRD GRADE  SCORE PQINT 2 ©

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN =i
D EACH TREE ARE ALIKE. |

How ARE THE BIRDS IN TREE 1 ALIKE?

The: '\J\r&h 10 +ree B¢, \‘\(\\JQ \‘\Oﬂ‘ bPCkQC\

How ARE THE BIRDS IN TREE 2 ALIKE?

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE. ; )

How ARE THE BIRDs IN TREE 1 ALIKE?

[Aey all fack a,//j/ce chpf

D The C‘Cb/¢w/"
How AKE THE BiRDS IN TREE 2 ALIKE?
]/’H’y all Aald on fo  Fhe

1 2% Fhe saime,

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN L—
| EACH TREE ARE ALIKE. ‘ )
 How ARe THE BIRDS IN TREE 1 ALIKE?

. /‘Hl there bea ke are al.,. se
 al ke

: How ARE THE BIRDS IN TREE 2 ALIKE?
D A TAY.‘\// Adym G/! glz’ie [ N +Le ’/’01'/>
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THIRD RADE  Score PoInT 1

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN |
' . EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 1 ALIKE?

7. Q '/ (
Thisr 090 tanding on o branch

How ARE THE BIRDS IN TREE 2 ALIKE?
%ﬁiv’ adl :Dlmmﬂﬂgécm Q ,bmm__o‘ho

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN f
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREe 1 ALIKE?

Carse 7%[A£QWJLJ7£ZR3‘&&£/ ";;éajraégizafuv/'

» wpeclithe My Z

How ARE THE BIRDS IN TREE 2 ALIKE?
Caiae Thoro IaXb., ant ons

as v('./m Jr

2) FiILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE-

How ARE THE BIRDS IN TrRee 1 AtIKE?
]
e Safsy s C)(&n,%zgq

How ARE THE BIRDS IN TREE 2 ALIKE?

P MEYS, MA)\L S ) };LXN&U
X %QALL

174




CorX 2
THIRD GRADE  SCORE POINT 2

TREE .

@ @\] BCD

3) SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH _z:z

TREE 3 TREE 4
éj SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE . é;L
' 6—}; BCO\:
TREg 3 TREE 4
3) SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS I[N EACH Z ’
TREE.

COErq Aﬁ

_/

TREE 3 175 TREE 4



YasX
THIRD ARADE  SCORE PoInT 1

ID 3 SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH

/&@ C F

TREE 3 TREE 4

SOMETHINS MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE-

DF

TREE 3 TREE 4

3) SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH '

TREE.

g C G
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G e e o O.t:k.\.’
THIRD GRADE  Score PoINT 3 v -

‘ 4) FiILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN j '

EACH TREE ARE ALIKE-.

How ARE THE BIRDS IN TREE 3 ALIKE?

ot Lty houll) Ry,

How ARE THE BIRDS IN TREE 4 ALIKE7

a, o . O) /;;/ e ,ﬁ71(2<fi/2::/yégfla

Jl[

P %—?’i—\m/

4) FILL IN "nE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN :::; ¢
EACH TREE ARE ALIKE.

How ARE THE BIRDS 1IN TREE 3 ALIKE7

How ARE THE BIRDS IN TREE 4 ALIKE?

CZ”;kJ €L17ﬂLLL{

) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN —:5 v
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 3 ALIKE?

They nll have parnted benk <.
And Hpv all _have o Vidle
v-ell gy in 4 hem.

How ARE THE BIRDS IN TREE 4 ALIKE?

® They dait have n/nt el beaks
AnA gm§+.of dhe hﬂuh Neown Y
o hlack ar aronge Loob,
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PosX Y
THIRD GRADE  SCORE PoInT 2

q!b 4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN 12L—"
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 3 ALIKE?

E;: :;;éLQAé’ //15;7Z:r74;’ ;46;/621, 2ok
=7 A

LA

How ARE THE BIRDS IN TREE 4 aALikE?

ﬂ, C ot oy

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN '
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 3 ALIKE?

hﬁLJ%ﬂALLEJ{ZIZQ;~18\1014J”€> X, ZEJOAﬁ?EED

How ARE THE BIRDS IN TREE 4 ALIKE?

quA OAJ,.L/_/L/gJ A’lﬂl) . a. Mr'f,\ffﬁlwznj/;
L7 S = L & W RAL

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACHY TREE ARE ALIKE.

2/..

-~ How ARE THE BIRDS IN TREE 3 3 ALIKE?

‘ij Nave R(Lak%mfl Dull
n(,@rm

How AKE THE B}izf IN TREE 4 ALIKE?

® CIheed N e Bran CONACS
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4)

4)

)

THIRD ARADE  Score PoInT 1
FILL IN THE SPACES BELOW To DESCRIBE HOW THE BIRDS I[N |
EACH TREE ARE ALIKE. )

HoW ARE' THE (BIRDS IN TREE 3 ALIKE7

~13~r\YTJ N’\(ﬂ,~ i . /

How ARE THE BIRDS [N TREE 4 AL IKE?

/L&W34§4&{}lxlﬁrp/

FILL IN THE sPACES BELOW TO DESCRIBE HOW THE BIRDS IN .
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 3 ALIKE?

How ARE THE BIRDS IN TREE ‘4 ALIKE? .
‘{SJ\NU\%“ AN 0&5\} Mé M\~
NN 1Q Yon A, .MfL _ Y

EACH TREE ARE ALIKE.

How ARE THE Brnns‘;%71:i§’3 9 '
d_,j\' llvl/n h : : 4 ’ @F bl Rl /

FILL IN THE spACEs BELOW TO DESCRIBE HOW THE BIRDS IN /
1

How ARE THE BIRDi{?N TREE 4 ALfKE7

e m
ZL%. ' %
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Comments on Birds(sor*t) &rade 3

In the Birds(sort) exercise, plausible groups of oirds could be formad by
matching birds on color, beak, size, or shape. To form groups, students would
have to understand the problem, observe the birds' similarities and
differences, and explain the basis for their groupings. Although 60 percent
of the students formed two groups of bihds which included all the birds and no
repeats, only 21 percent accurateiy described how just one of their groups
were alike and only 22 percent accurately described how both of their groups
re alike.

For the third and fourth questions, students were asked to resort the
birds to form two new groups each based on rew characteristics and then
describe the similarities of the birds in each of their necw groups. About
one-third generated a different sorting, and one-fifth described how the birds
in at least one of their new groups were alike.

The advisory panel and the administrators agreed that the exercise needed
additional work. The administrators reported that many students did not
understand how to place the birds into trees and were confused. A suggested
rewording was: "Which birds go together? Which would you put in group 1 and
which would you put in group 2?"

Another problem with the exercise was that the colored drawings were too

small. Larger colored photographs, such as those used in Birds(classify),
would be better stimuli for this exercisel

In spite of these problems, the exercise did show that some students
could understand the directions and could sort the birds. The panel 1liked the
idea of a sorting exercise, but recommended that this exercise be revised
based on better stimulus materials and directions that eliminated the trees.
If the exercise is revised,.it would have to be pilot tested before

opcrrational use.




GRADE 3

STATION &

WHAT IS THE SAME ABOUT THE SEEDS IN EACH GROUP?

WH 0:

1) LooK CAREFFULLY AT THE TWO GROUPS OF SEEDS. You MAY
SMELL THEM AND PICK THEM UP BUT DO NOT TASTE THEM.

2) gRITE ?OWN WHAT YOU THINK !S THE SAME ABOUT THE SEEDS IN
ROUP 1.

3) ERITE BOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP 2.

4) Now LoOK AT THE SEED LABELLED X. WHICH GROUP WwOULD YOU
PUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONGS IN
THE GROUP YOU HAVF CHOSEN.
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1)

2)

3)

4)

5)
6)

GRADES 7,11

STATION 3

WHAT Is THE SAME ABOUT THE SEEDS IN EACH GROUP?

HAT YoU :

lLoOK CAREFUL.Y AT THE THREE GROUPS OF SEEDS. You MAY
SMELL THEM AND PICK THEM.UP BUT DO NOT TASTE THEM.

gRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SFEDS IN
rRoup 1.

gRITE BOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP /.

gRITE gOWN WHAT YNU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP D.

Now LOOK AT THE SEEDS LABELLED X AND Y.

WRITE DOWN WHY YOU THINK EACH OF THE TWO SEEDS BELONGS
IN Group 1, 2, or 3.

SEep X

SEep /
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Activity Identification: Seeds (classification of unknown)

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biology

Apparatus required: Containers filled with samples of lahelled but unnamed
seeds: A = caraway seeds, B = cumin seeds, C = black peppercorns, D = millet
seeds, . = fennel seeds, F = all spice, G = white peppercorns, '~ = yellow
mustard seeds, J = fenugreek seeds, X = coriander, Y = barley. Fo~ the grade
3 students, only groups 1 and 2 will be used.

Administration: Seeds should be placed into the following groups: &roup 1=
A,B,E; Group 2= C,F,G; and Group 3= D,H,J. For the grade 3 students only
groups 1 and 2 and the unknown X should be set up. For the remaining
students, all three groups and both unknowns should be set up. Seeds should
be repiaced if their level in each dish appears Tow at the end of an
administration. Seeds should be placed back into groups after every
administration.

Servicing: None required




‘ " Seeds (classification of unknown)
Stations A & B
Grade 3 - station B6
7 - station A3
11 - station A3

Scoring of the Written Responses

(for grade 3)

2-3) Score 1 pt. starting with code pt. 2 for each accurate or plausible
statement about how the seeds in each group are the same. Score to a
nmaximum of the three best responses per group. Score 1 pt. if the
student provides an inaccurate or irrelevant response. Tie attribute
of smell should be scored as an irrelevant response. * .re 0 if the
student makes no response.

4) Score ! pt. starting with code pt. 3 for each accurate or = . .asible
statement about why the studert placed seed X in a given g .u= ‘{.e,
Seed X was the same size as the seeds in Group...). Score . i. a2
maximum of the three best responses. Students should placz v«ad X

with Group 2. Score 2 pts. for providing a group only. Secars © pt.
if the student provides an inaccurate or irrelevant respoiise. The
attribute of smell should be scored as an irrelevant respcnrse. $core
0 1f the student makes no reapoanse.

e (for grades 7 & 11)

2-4) Score 1 pt. starting with code pt. 2 for each accurate or plansible
statement about how the seeds in each group are the same. $core up
to a maximum of the three best responses per g:oup. Score 1 pt. if
the student provides an inaccurate or irrelevant response. The
attribute of smell should be scorad as an irrelevant response. Score
0 1f the student makes no vesponse.

6) Score 1 pt. starting with code pt. 3 for each accurate or defensible

statement about why the student placed -~eeds ¥ and Y in s givan
group. Score up to & maximum of the clvee best responses for seed X
and for seed Y. Scoreable response. icr Seed X would include
placement with Group 2 because of £‘..¢ rnd shap: or placement with
Group 3 because of color and shape. Scoreable responses for Seed ¥
would include placement with Group 1 tecausa of shape ar! size or
placement with Group 3 because of color and shape. Score £ pts. 1f
the student provides a group without providing an explanation.
Score 1 pt. for an inaccurate or irrelevant respcnse. The attribute
of smell should be scored as an irrelevant response. Score 0 if the
student makes no response.

Note: Texture and hardness are scoreable attributes.

Group 1: (A,B,E) caraway, cumin, fennel

Group 2: (C,F,G)'black peppercorns, allspice, white pepperrorns

Group 3: (D,H,J) millet, yellow mustard, fenugreek

Unknown X: Coriander Unknown Y: Barley

184




Skills involved

In this exercise students are required to classify an "unknown" based on
a set of generalizations about a set of "known" entities. Thecze
generalizations are made by making a set of comparisons and cont: asts about
the set of known entities.
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§><335&€> :;\":3>

THIRD CRADE  SCORE POINT 3

‘ID 2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
Grour 1.
N i
‘AaMULA%ﬁ- Gdﬁl) SLCK)%RJ jLL&NL) \&fii@%LJ
I, J '
MQ}:\_) ' 2 .

3) gRITE gown WHAT YOU THINK 1S THE SAME ABOUT THE SEEDS IN
ROUP 2.

NN TR W3 Y oW AT

)

2) Wrire ?OWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

Group

Their abls Long asd. 240 n >
@ 3) NPITF SOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

BrRIUP .

Teir all roudd,

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
Grour 1.

they are all _ pointed -

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GrouprP 2.

they _are all round




2)

3)

)

2)

3)

4)

SEVENTH RADE  Score POINT b QCocks Q- Y%

WRITE DOWN WHAT You THINK IS THE SAME.ﬁz£UT THE S' Ds
[

GROUE7, ”7 dyL( 5L1?7.;/i:ﬂ'  <féizzgag ’&b?\ al’ 1/(1
‘ ] 4 0l )

WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

ROUP .
/’ .
wRITE DOWN WHAT YOU THINK IS THE .SAME ABOUT THE SEEDS IN
"GRoOuP 3.
//qume ol dfbund _Audtz
%/W 44

SevenTH RADE  Score PoINT 8

WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
Grour 1. ‘

Thety  re gl 1409 ' thou
o<  AlFFcrtnt ColorsS thed all Kawe l’unx‘i: rga,,?

+hrovgh +h<m and [F +$h€y W-re +ne Same £ }
WRITE "DOWN WHAT YOU THINK IS THE SAME ABOUT THE sebf¥ lN.den+mu/

Grour 2. (/—\
.zu;%__m¢z__JUL__hmﬂ__shn£td they all (%i>
=

-

have a distincet Strang Smeli and ar:_dark

Iq ColCr,
WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

Grour 3. .

_tbiq_n.&_ail_ﬁxg__th_q_and_[l%bi"__
1)
_i.n_c.mia_c_]:b.n:;.‘z_h_am__a._éq (int  Smeldi,
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FLEVENTH GRADE  ScORE POINT 7 CasXm DY

2) gRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
rRoup 1.

m:j (*Nad CI“ ia}'\r\c’} Yhin j@lo@ N 34\;{,}1@4

3) gRITE 2DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP Z.

Roind Seods | )

b4) gRITE ISJOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN @
ROUP 5.

Shall Seods \.‘6h«§r clo

ELevenTH GRaDE  Score PoInT 9

2) WRITE DOWN WHAT YOU THINK 1S THE SAME ABOUT THE SEEDS IN

Group 1.
® Dl ol 0epel Llle prentl
Lleuttfi/ /&Lrv:&EZ«w¢Jlaww4—~F £7cz44+- AR 2?—124&4

3) WRITE DOWN WHAT You THINK IS THE SAME ABOUT THE SEEDS IN

Grour 2.
| Aol oonf) 0o TR.
bro ), ﬂwmijm

4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS I

Group 3
,,Nm Lot D0 ermd
-AL&%AMO\J /&&W
@
Q 150\




2)

3)

2)

3)

2)

3)

———

THIRD GRADE  ScORE PQINT 2

gRITE DOWN WHAT YoU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP

'%‘\XGZJ) )tsébﬁx nQQCQQ-

WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

Grour 2. jZL_,
thefe  etound

gRITE EOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN f
ROUP L.

gRITF DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN 22
ROUP_ 2. '

,M /co@o@

gRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP

"rﬂ§¢3;~eL_ C\II L\)%Cif\ca. }’y\ﬁ- 'C7c1F(

), ke {chother, b\)\’“a"cr“ffcnf calois

o
WRITE DOWN WHAT YOu THINK IS THE SAME ABOUT THE SEEDS IN

Grour 2. - .
/ﬁwg(j all look |l ke beads -
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2)

3)

4)

2)

3)

4)

SEVENTH ARADE  SCORE POINT 2 Cark s 2\

gRITE fOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
Rour 1.

~\\r\a% QH N he came Q&npq;kf’h% Emall

Ve Sowse

WRITE DowN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

Group 2.
Yooy ace ol pound @

WRITE DOWN WHAT You THINK IS THE SAME ABOUT THE SEEDS IN
Groupr 3. N ‘

"Mlaé Small ‘“\Q‘(} o2

SeventH GRADE  Score Point 4

gRITE fOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
Rour 1.

_jlé; ant ol ol & food —o(, Lo
jﬁ;,wburmb,

ERITE EOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
Roup Z. .

_;jzizgl art  ll pouned fofQ4

U
-

_gRITE DOWN WHAT YOU THINK Is THE SAME ABCUT THE SEEDS IN
ROuUP 5.
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§>c>xérfi> :Lrizs
THIRD GRADE  ScORE PoInT 1

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN (.
GROUP

: M/ Lok fhe gamemlme// the Lame

W

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

- Group 2.
Lhey Lok the £ome  fut
As ot cmel b came

2) WRITE EOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GroupP

Linaeh Liho, the s4b0s

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN /,

o Grour 2.
iﬁﬁi&mﬁmﬂeﬁw_m

2) WRITE 9owv WHAT YOU THINK IS THE SAM ABOUT TH: SEEDS [N
Group 1.

_‘Eb,ﬂg_ th.c fam_ € Qh 0@@_
aMﬁ@;__“k@i. .5 ‘

3) gRITF BOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP

They AL {‘*h@, SEmM G Qhr/oQ/ (
a (?1\&\ [ﬁﬂfj\/

- i A\
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QQﬁS oY
FLEVENTH GRapE  Score PoInT 1

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

Q - Grour 1.
o The Sega(s ate Iin d#&fﬁ\‘/’ sfages o{’
—develespment

3) gRITE gown WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
ROUP 2.

Tie Lirst cup is oHeoc strds . 2nd C ey ace CD'

mea’mm ,ano{ ‘H’\f 3(5’ cap e new

4) gRITE gow~ WHAT YOU THINK IS THE SAME ABOUT THE SEEDS N
! ROuUp 3.

72&:}44&!{_ 5:'#\&/‘:( /‘ﬂ‘go/or

2) WRITE DOWN WHAT YOU THINK IS THE SAM. ABCUT THE SERDS IN
Grour 1.

_Hou_ ot M g bape Gopl -

ELEVENTA GRADE  Score PoInT 3

(ﬂ@ 3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS [N
Grour 2. @
H\Qu\ aar all l\»ﬁU\f\A" '

y) gRITE gown WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
RouP 3.

thos  Onz Qll basieally ke ogme
i NTH PRADE  ScORE POINT 5

2) WRITE DOWN WHAT YUU IHINK IS IHE SAME ABuui 1nE SEEDS IN
Grour 1.

A Bas W1Y AL Qona. dergy a0
3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
Grour 2.

HMRm B1Y ©ouaiy B AR WO
QDJ\MM

4) WRITE DOWN WHAT.YoOU THINK IS THE SAME ABOUT THE SEEDS iN
Groupr 3.

f\\/\m GUl 8l uucmtm Ll ¢ ¥nd
' | Ohe ) Ukks xS ohcum 192
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Pact W

LT T

THiRD GRADE  ScoRre PoINT 3

4) Now LOOK AT THE SEED LABELLED X. WHIC: GROUP WOULD YoOU )
PUT IT IN? WRITE DOWN WHY YOU THINK SEZED X BELONGS IN
THE GROUP YOU HAVE CHOSEN. '

/\b_&ﬁzﬁdj

: 4) Now LOOK AT THE SEED LABELLED X. WHICH GROUP WOULD YOU )
! PUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONGS IN
THE GROUP YOU HAVE CHOSEN.

i e D fecasee)

4)" Now LOOK AT THE SEED LABELLED X. WHICH GROUP WOULD You
PUT IT IN? WRITE DOWN WHY YoOu _THINK SEED X BELONGS IN
THE G oup YOU HAVE CHGSEN-

Or 2., becauce Flooke 3

}/' kg bQC\‘C!S
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5)
6)

5).

6)

5)
6)

Qeven™ ARADE  Score PoInT 2 CoXs -6

Now LOOK AT THE SEEDS LABELLED X AND Y.

WRITE DOWN-WHY YOU THINK EACH OF THE TWO SEEDS BELONGS

IN GrOuP 1, 2, oOrR 3..
>

SEED VH’ sm\\s 3‘\(\0_ QOov@ oS .%mwp )

seep X b Swalls qad \goks ¥we came as
fyh:u{> 1
SEVENTH GRADE ~ Score PoINT 4
Now LOOK *T THE SEEDS LABELLED X AND Y.

WRITE DOWN wHY YOU_THINK EACH OF THE TWO SEEDS BELONGS
IN.GrOuUP 1, ;. orR 3.

Séénxﬁﬂﬂ%i/; Hooup 2 Liorse F iy
,)' ﬂz |

Seep ¥ Jﬁ‘—lcslmﬁgﬂ_é_k&?o_l_lw A 2

SEVENTH GRADE  Score PoInT 6
Now LOOK AT THE SEEDS LABELLED X AND Y.

v

WRITE DOWN WHY YOU THINK EACH OF THE TWO SEEDS BELONGS
IN Grour 1, 2, or 3. . .

SEED @ 1 elongs in Qrove 1 hecasse Ftae

fire long in  size and has Yhw [ine  renning

*hrough e €<ttt s
SEED ¥ _x & h—elhh:}lf o) 9raunp 2. bt ratics
th<y  are, [cttile. Balls an QAL

darkK /m color,
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THIRD GRADE  SCORE POINT 2 Cocx

4) Now LOOK AT THE SEED LABELLED X. WHICH GROUP WOULD You

PUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONGS IN
THE GROUP YOU HAVE CHOSEN-.

AVO\\»QLQ- é?o-cn(ftse 7'_ e (€ mlf ﬁ/

S0 e Qh CLDC,,-rnJ J(hmj
Sl Lad,

4)" Now Look AT THE SEED LARELLED X. WHICH-GROUP WOULD You

PUT IT IN? WRITE DOWN 4k YOU THINK SEED X BELONGS IN
THE GROUP YOU HAVE CHOSEN.

becayse it s ¢ound

4) Now LOOK AT THE SEED LABELLED X. WHICH GROUP WOULD You

PUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONCS IN
THE GROUP YOU HAVE CHOSEN.

—0up O_Kecavs they Lok Jy 2
_camb. _and cmelle _diFBont
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EVENTH 5 Score PoOINT 2
ELEVENTH GRADE ORE Por PG‘_*@

6) WRITE DOWN WHY YOU_THINK EACH OF THE TWO SEEDS BFLONGS
IN GrOuP 1, 2, oR 3.

Seep X bdm,s (‘h ‘Q{OU_D 2. becavse M o8y 9.
closest 10 Size and_shape. .
seen ¥ _kelongs in Qroor | pemose tey
| ane closest n cize apd shepe.
ELEVENTH GRADE  Score PoInT 4

6) WRITE DOWN WHY YOU_THINK EACH OF THE TWO SEEDS BELONGS
IN GrOuP 1, 2, orR 3. ' v

SEED X BEL&NG.I'N oQ REC ASE 22{5}5 ARE Alse
SPHERIGAL anD DARK sAlcocon V

Seep Y BELONG. IN D mmeAUSE THE SEENS
IN CPOVP 3 IONT REAL SEMBLE

ErcHoTHER AND SEBD VY roesn'T
ResenmB GRoup (om = -

ELEVENTH GRADE  Score POINT 6

6) WRITE DOWN WHY YOU THINK EACH OF THE T.O SEEDS BELONGS &
IN Grourp 1, 2, orR 3

SEEDXQ‘»\ Qi M%ﬁ_w
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i;ﬁau5i' N
THIRD GRADE  ScoRE Pornt 1

4) Now LOOK AT THE SEED LABELLED X. WHICH R~ JOULD YOU
.ONGS IN ( r

PUT IT IN? WRITE DOWN WHY YOU THINK SEE?
THE GROUP YOU HAVE CHOSEN-.

%'Zg an ‘ciu,n e

WHICH GROUP wouLD You

4) Now LOOK AT THE SEED LABELLED X.
NK SEED X BELONGS IN

PUT IT IN? WRITE DOWN WHY You THI
THE GROUP YOU HAVE CHOSEN.

Gr‘()ﬂ,joi, )Q)cm();use H—hqc _n&jl?’)zel,/

4) Now LOOK AT THE SEED LABELLED X. WHICH GROUP WOULD YOU
PUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONGS 1IN /

THE GROUP YOU HAVE CHOSEN..
Srecun 00 comdt oot mposn b
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Comments on Seeds(classify) Grades 3, 7, and 11

The kind of thinking called for in this exercise is the same for all
three grades, but the task for grade 3 was simplified by using only two groups
of seeds and one unknown to be classified into one of them instead of the
three groups of seeds and two unknowns used at grades 7 and 11. The task
required the students to observe the similarities and differences among the
seeds, identify the common characteristics within groups and the differences
across groups, and then select the most plausible group for each of the
unknowns.

At grade 3, students had trouble identifying ways in which the seeds in a
group were alike. Although no one omitted the question, 38 percent did not
provide any plausible common characteristic. One-third provided two ways the
seeds were alike, but only 1 student gave three ways.

For grades 7 and 11, to achieve the maximun possible score of 10 a
student would have to provide, for e>ch of three groups, three ways in which
the seeds in that group were alike. Although no one attained the maximum
score, 3 percent at each grade attained a score of 9. More than half the
grade 7 students and a 1ittle less than half the grade 11 students provided at
least one piausible characteristic per group, although about one-fifth of the
seventh-grade students and one-quarter of the eleventh-grade students did not
provide any plausible common characteristic.

More than 90 percent of the students at both grades classified seeds X
and Y into acceptable groups, but almost two-fifths at each grade did this

without providing any plausible reasons.
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In conclusion, the classification of seeds exercise is appropriate for
grades 3, 7, and 11. No student at any'grade omitted it, although few did
very well. It may be desirable to refine the Scoring guide to score the
responses for each group and for the tWo ynknowns separately.

This task can be used in a future assecsment without change.
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GRADE 7

STATION 3

WHAT 1s THE SAME ABOUT THE SEEDS IN EACH GROUP?

AT _YOU :
1) Look AT THE COLLECTiON OF LABELLED CONTAINERS OF SEEDS.
2) PuT THE SEEDS INTO THREE GROUPS. MAKE SURE THAT THERE

IS SOMETHING THE SAME ABOUT ALL THE SEEDS IN EACH GROUP-.
You MUST USE ALL THE SEEDS-

WHAT D:D YOU FINL:
3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

GrouprP A:

B Group B:

Group C:

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GrouprP A:

Groue B:

Groupr C:

(A

AW
<
(Ge]




Activity Identification: Seeds (sorting)

Grade(s): 7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biology

Apparatus required: Containers filled with samples of laktelled but unnamed
seeds: A = caraway seeds, B = cumin seeds, C = black peppercorns, D = millet
seeds, £ = fennel seeds, F = all spice, G = white peppercorns, H = yellow
mustard seeds, J = fenugreek seeds.

Administration: Seeds should be placed randomly (not in groups) in front of
the student before the onset of each administration. Seeds should be replaced
when the Tevel in the container appears low. The letters of each of the
groups should face the student.

Servicing: None required




Seeds (sorting)
Station B
Grade 7 - station 3

Scoring of the Written Responses

3) Score 3 pts. 1f the student forms the following three groups:
Group 1: A, B, E Group 2: C,F,G Group 3: D,H,J
Score 2 pts. if the student forms any other plausible groups such as
grouping by color.
Score 1 pt. 1f the student forms incorrect or incomplete groups.
Score 0 1f the student makes no response.

4) Score 1 pt. starting with code pt. 2 for each accurate or plausible
statement ~oncerning how the seeds in each group are alike to a
maximum of 2 pts. per group. Score 1 pt. 1f the student provides
irrelevant statements for each of the groups. Score 0 if the student
makes no response.

Skills involved

In this exercise the student reeds to classify a set of stimulil into

groups based on their commonalities and differences in attributes. This
‘ classification should be based on comparisons and contrasts among these
attributes.
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CosX 2

@ SEVENTH GRADE  Score PoINT 3

5) NWRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

Grour A: A BE

rRouP B: CFG /\

((;ROUP g DHT S @
G
3

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.
Groupr A: D, T( H
Group B: F O
Grourp C: &1617"(

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

’ Grour A: _ARQ E |
Group B: _ D HA |

Growr C: ___C TG




SRR

SEVENTH GRADE ~ Score PoInT 7

4) ggAT IS THE SAME ABOUT THE SEEDS 1IN EACr' OF YOUR THREE
ouPs?

GmeM B@nﬂ;a'J K SAQDG !M#h lﬂjﬁﬁﬁans

| (N ,kfiéZp 42522«{;52’29
Group B: ,élﬁ37>f1;9 /42¢7Z¢/7Z<7/ /24(71712_ Ckﬁéé%bzq/

Grour C: /ﬁl¢7habé2éi /ézzaaégﬁggr147f24/>cpa;_\\\_,/)

4) VHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROuP A: ‘)-OV\Cf/ﬂ Fh b (ngd§

I

Group B: _IJ H I"Q’/)Jdm ﬁ‘M&/C(/C(ﬂﬂ/ Cd}()l’ﬁ'[ SCL?/Q/_\ :

(=
b)%ﬁfouﬂﬂ( &U') {o&Ky\?&@QCQQ \—)

Groupr C:

4) WHAT 1S THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GrRourP A:

Grour B:

Grouprp C:
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QEVENTH ARADE  Score PoINT 2

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS-@
GROUP A: CrD/ 61 (+ :

Group B: _A F/. )
Group C: _A &

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

Sroupr A: A ’\115

v o’ ’ /\
Group C: ;S - 5

2) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.
|

Group A: D H'J—
GrouP B: _B/fr‘ﬁ— ‘ @
Group C: /ﬂ F/_. o .




4)

4)

4)

Past &

SEVENTH GRADE  Score PoINT 6

WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR IHp:E
GROUPS? :

Group A: _ S oL . Founo\ ‘. Cpo O,

Groupr B: Reur it oA . @.

rour C: ~F e A,U.»of.

WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

Grour A: Q,QQ_ e M % m]R M&M‘M%iw

WHAT 1S THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE

" GROUPS?

Group A: _GN Seens ot (ou V'\C\ o
E\‘q

Group B: Q\\ Seeds one \OV\OL and

Hi : (;; \
EGRoup C: (7\\\\ SeQdS are s paall Q
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Pasrt Y

SEVENTH GRADE  Score PoINT 5

4) Wuat IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GrRouP A: Lhe OO Sporin _.hm

%;mbm&&;.

Grour B: AN 8L C Gt

etarnna BN

RouP C: hm (g )
e Carerey e —

4) WHaT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

Grour A: B\\ Yhe Soens w C:c—obp Qv \\GUQ
e Same Shbpe Clile son fpuree 54’(’0"—)\
O | Grour B: AW\ Yo Seed. in ct‘rovp &  see eound '

&

Grour C: A\\ f‘Jrl\& Seeds \n Q.rOUD C  _are
O‘Dwr\d Lc\f\d Q \‘\‘\\{ )P\A“,(r N"O\'\

aoop B

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS? Z
Group A: ‘7/39 a:zé/ A«/ﬁ &&M@
Group B: @J/QJAWM

Grour C: % W
- _@Lar a A-/\:J
@ W.
Q. | 207




Pasct Y

SeveNTH GRaDE  Score PoInt 4

‘ 4) WHAT IS YHE SAME ABOUT THE SEEDS IN EACH OF - YOUR 1HREE ,
GROUPS? !

Groue A: Mooy all @no-ood o le ook like
N . Veanpna ek col\nred

Grour B: _o\\ oce {f*j gmo.l\ é Noe \W\&
SO0, U\\Qrm

Grour C: _Q\\ \Q\Qef %eeﬁ& \\eﬁ&‘(\ \B(\JV \‘\,
cosd S Wk \n c\ae

oA\ (AR, ) 2000 N

eV e hodhened o
eon GOCR0

4)  WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
quups :

GROUP A: Tho ooy Qe Jlat de_
Q1 thowe ‘ihSLnQ\m'LQ chao po_
Group B: _Lih o n00d N arme all albmmt. fj’UL
LAY 9 JOL/\Q. @Yrale. SxTaltaled

Group C: Q_M__% iﬁ'\.ﬂfn'\ Qrg +U1‘\U\

4) WHaT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GRouP A: _ W€ Q€ \0(\0\’
v o~

:\J}“e “geed

‘ GrRoup B: ‘T\'\U“i ol m\JQ o Q{Q\Q a0 ' @
o Group C: hgg\ QCe_ S!!Qﬁ‘\‘\\i VOU(\A
o ong




S

SEVENTH CRADE  Score POINT 3

‘ i4)  WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS? M \/\+
GrRoOuP A: M M ZZf
CO\DT

Grour B: W\U\/W\ CJ“QM \I\Q%fli—f %

N (3
O/\QOJ\/\. 2 )

Group C: "’DMO )uf\(\x KV@Q/@'L,@ "
AAmﬁ

4)  WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

Grour A: _rhe;j ot ol SN\Q\\ ‘S\\:()z(l

Group B: _\;Mj ol Mo Hvy cong A)’\r.ék

®
Grour C: l‘w_ A b g b\j Zhene @
J

' GROUPS?

Grour A: Thewy e ML ST e S
A ano  Shamo |

Group B: TIrotl e, A\ r\QAﬂFl W
oot The Gwe. Nze

Grour C: _U'\ﬂ/\ on_ € C&“ ﬁmhl\ QN o
dooA  The SBre. o
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4)

4)

4)

QEVENTH FRADE  SCORE POINT 2

WHAT IS THE SAME ABOUT VHE SEEDS IN EACH OF YOUR THREE
GROUPS?

WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

Grour A: ﬂ Coéw aw w” ﬁ{‘ /-me and
q*kj Apeds “l[ JL»L P %%Mbulﬁh} AA%MQ
GRouP B: /Auy f m‘t& A o col, '

Grour C: c/'é 2eads one M %m»&qu.

WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE

SROUPS? .
GrROUP A: T’\gg‘L arte  Aall found, @ ‘
Group B: 27\_4'?‘ e DI l'ﬁv'nﬁ of

Drocor,

Grour C: ___DON i'\ZL\gg_ +Nhe sSamMme

Ohane
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Score PoInt 1 ?or* X

SEVENTH GRADE

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

GrouP A: AE[ -
Group B: DEF @ \

Group C: QI@ |

3) WRITE THE LE”'TERS QF 55 SEEDS IN YOUR THREE GROUPS.
GrouP A: D ' \ '

Grour B: :V—
Group C: E7_Q rR

@ 3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.
Grour A: __ £ d -
Group B: ¢ E j ‘ ( \
Group C: 2 , 6’ | 'D
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4)

4)

4)

CPort Y

SevenTH GraDE Score PoInt 1

WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GrRoupr A: tb‘Q_% ane Q4N At ﬁpi?d

g  DAG
GrRouP B: m‘ Qne Q09 /\h@_@f'd‘ \
o8 MO 4@1)\%1

Group C:m aAg Q28 e N'L,Q_gw&
o dhe SOMNML ot

WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS

GrRour A: ‘ﬂev sSmell - spicey -

)u i/ L

Groupr B: ‘%I.ufg}l. Pleaslncj oriel) @

Group C: _W_Lr houe no Smal]

WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE

GROUPS l
[4

GrRour A: ZZ!bjgds 'n /’hga Aaha' E /dd’/( ®

Grour B: : tnag 1

Dawd Fare “fokh Spherne ha ped
Grour C: _CUP S asd H qre bgfﬁ 3&&:.4:&.9@&24
éd clp Hand T ftve thecome cols-
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Comments on Setds(sort) Grade 7

In this exercise, seventh-grade Students were asked to sort a collection
of seeds into three groups and then deScribe the similarities among the seeds
in each of their groups. This required close observaton of the
characteristics of the seeds to identify their similarities and differences in
order to form the groups. Every student divided the Seeds into three groups,
and 84 percent formed the groups with the more important common
characteristics. Only ten percent did not cite any plausible way in which the
seads in any group were alike, and 21 percent provided two plausible
statements for each group.

This exercise can be used in a fulyre assessment without change.

However, it may be desirable to refine the scoring guide to distingu
between those students who provided on® sijmilar characteristic for each group
and those who provided two or more characteristics for one group and none for

another.
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GRADE 11

STATION 3

WHAT IS THE SAME ABOUT THE BONES IN EACH GROUP?

HERE'S WHAT You DO:

1) LooK AT THE COLLECTION OF LABELLED BONES. THESE BONES
ARE FROM THE BACKBONES OF DIFFERENT ANIMALS.

2) PuT THE BONES INTO THREE GROUPS. MAKE SURE THAT THERE

IS SOMETHING THE SAME ABOUT ALL THE BONES IN EACH GROUP.
You MUST USE ALL THE BONES-

WHAT DID YOU FIND:

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

Groupr A:

G Grour B:

Group C:

4) WHAT 1S THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

Grour A:

GrouP B:

Grour C:
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' "~ Activity Identification: Vertebrae (grouping)

Grade(s): 7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biology

Apparatus required: Eleven bones labelled A-L as follows:

Lumbar dcg
Cervical rabbit
Thoracic dog
Thoracic cat
Lumbar dog
Atlas dog
Cervical rabbit
Cervical dog
Lumbar rabbit
Thoracic rabbit
Lumbar rabhit

rFrXGQGCIOMMOoOO V>
[ L T 2N © S [ Y TN € S O N

Administration: Bones should be randomly placed (not in groups) with the
labels facing the students before the onset of each administration.

’ Servicing: Minor gluing if necessary




Vertebrae (Grouping)
Station B
Grade il - station 3

Scoring «f the Written Responses

3) Score 4 pts. if the student forms the following 3 groups:

A E J 1, (lumbar)
B F G H (cervical)
Cc D K

(thoracic)

Score 3 pts. 1f the student forms the correct groups except for the
atlas.

Score 2 pts. 1f the studeat forms one correct group.

Score 1 pt. if the student forms any three groups different from
those specified above.

Score O 1f the student makes no response.

. 4) Score 1 pt. each starting with code pt. 2 for an accurate or
plausible statement concerning how the bones in each group are alike.
Score to a maximum of the two best responses for each of the three
groups of ! nes. Score 1 pt. i1f the student provides an inaccurate
or irrelevant set of responses only. Score O if the student makes no
response.

Skills involved

In this exercise the student needs to clagsify a set of unfamiliar
materials into groups based on their commonalities and differences in
attributes. This classification should be based on comparisons and contrasts
among these attributes.
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Pt R

ELEVENTH GRADE  ScoRe POINT 4

3) WRITE THE LETTERS OF THE BONES /IN YOUR THREE GROUPS.

T~ Group A: C ,'DAXK
L Group B: A\,&\JT}L

L Groue C: . F. & H

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.
7 Group A: __C 3 K > »)
b- Groupr B: ngE ')L-\J @
7
C Group C: 6; G:. H; F

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

— Grour A: ’A( —J L £
7 Grour B: D. C-\\( @

Group C: _1=. B . H..G
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PostU
® ELEVENTH GRADE  Score POINT 3

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.
L Grour A: _ PP EF J L

C  Grour B: _ B & H =
T  Grour C: _C D, K

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.
Group A: O C, K. F
Group B: W, B (7

[ — Group C: Ci&’ L ;'Y‘

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

Grour A: D 1, C F :
£— Group B: ASL-‘?. . j
Group C: 07 \f-H '
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Lo v X

FLEVENTH GRADE  SCORE POINT 2

%) WRITE THE LETTERS OF THE BONES IN YOUR THREE GRCUPS-

Groupr A: B, G @,
TGROUP B: CLD)_E - —_—
Grouep C: _A. E, F. B T L

3) WRITE THE LETTERS OF THE BONES
~T" GRrRouP A: _(',)1\1) K .
GRouP B: _ P E. vt J { = @

J J 7 '

GRouP C:

IN YOUR THREE GROUPS-

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.
GRouP A: LT.F}

Group B: __AB E F & H (5&9
7 Growe ¢ __C. DK
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FLEVENTH GRaDE  SCoRe PoInt 1 Posr¥ 3

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.
Grour A: _A+_E_’_C‘,J' K) QO
Grour B: J('P;; C? d
Group C: )Cl T;F; L

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.
Group A: A EF @
t T /
Grour B: H‘,—J.j -

Group C: _5,°C D,C. k

Q 3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GrourP A: € ,3, 1k

Grour B: &, &%, e @)

Group C: Ne, 3 P
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Cact S
ELEVENTH ORADE ~ SCORE POINT 6

‘!’ 4)

WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

Grour A: ald ho Ve one Iong piecs nromd\ma ol 0

“Y7 wawe o hole in middle o contrnl part
Grour B: _0L hoa® o comtrol la\mc a eQ WI)‘%\
YT hole _apd two lopn piecos Dm;(»cmqn UL
Grour C: dff a0 @eQer\’m\H)u o _cantyg] 6+I:l(+uv~€
L= L hole 1h %M,ndckﬁf ovnd no qu‘Hﬂm
prects Projecﬁmg ot Hagmn

4) WuaTt xs THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

6rour A: (LA of ARe Imres gone o Gesfy afm Shiching
vt OVK g0 fonk 0 Roly 4n e guain fodey @

4) WHAT IS THE SAME ABOUT THE BONES I% EACH OF YOUR THREE
GROUPS?

%Epup A __One 14a€L sk thgf ,ﬁ,,,, 1£vﬂxln

EB%B}VB: (7Kz -ﬁLéL &~<* Ona WVBer Jgrng Forso Zi:/)
GRotj/;a )1b”“ﬂ Loles (off S A ‘ﬂlmll)
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ELEVENTH GRADE  ScoRE POINT 5

Pock 4
® 4)

WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS? 1 \
GRoby A: 092 1hore [rontd  ane Clado ¥oq}btiﬂa w “0

st dang voany don (hele Wasophorths candon ) O
GROi//B QZ&_ﬁiugﬁ__L:zkguL4~,L41AJ(_(K e 12090

[; ot
xtomding |ike a owend the
Grour C: Q8 Fhon [romnoen v‘\M H:nm L’”"j)
I (mds +hat otick cud . AxKe & tpn

a; L&>{J¥4\k>4f’\4¢ _Q/G%\AWL

P losies M wwkq&
“’lljgdb helre i &AJ%T \~}1hauv\ Qs#JL
Ahan  greup?

I4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS°

Grour A:

GIIOMMM
/ .

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?
Grour A: TF voo hold*hﬂﬂQ.Oerhm WX o and | oole ‘H”WC)Dgf\ Ha
\ O' hole . e o ot O peae onecoh sidg “hat por{-rudf
sroup B: IE yrw look thnh Mre holp Sivie are. Spoﬂwsw\s@
v aYOn'i'opr,aMJhreemlh( s 3CF /
® Group C: TRyou feok thwouas Yhe hole Hunalt Navt one
Vv

knopecs ot por'(—t'UGGS and 2904 o s (3 L4
J ~ <a
ERIC 222 t}
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_ Past
ELEVENTH GRADE  ScoRE PoINT 4

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUV’.‘ Thise bones have rra i cmall podagrimme  bot

hone of How Ao m-!s-hfvhw 0
GROl‘J/B/( These boney all hewe. one \onq wotusion (dhicle
<
Stands cot.

Group C; These lones have s potsdeand' 4y prepusions of
i : J
Van ovs leme‘MS and  Lodihs,

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUT/A: TM’\I! hove the sapg Haeol:
stCucture aﬂé €ach  one  Las ane la 2
@ GrouP B: ;ﬂng\/ eackh have ove Iamﬁ hane mf‘s.éze
gﬁc‘léiﬂg put  frove M cete~ \\__lg@mw
Group C: _Each aF thece boye 2 hag ﬁ;ve ‘

L/_“_I_Lg_s'/ banes  Stick; ng oUt frowv fle Main pqrt
which. forms A et of Stand.

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

eRou/A z&m L 4 f) ‘nave_a.man _part 5upporftd bt/
3 Small, WINA% IS bam
GrouP B: W&Eaﬂ hawa MWI) 0447.2‘ a /1-0/( //) He

Group C: )
-// jgo:rws sh(.lf..wa zmt. and ons mam;l W
® extnding  ofitwards W
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Lot N

ELEVENTH FRADE  Score PoINT 3

4) WHAT 1S THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

Grour A: theje an have Prominerd £lat,wide arowing
0poped to =i pointy bone
Grour B: _tN€)¢ AUl NaVe dne on huied thin preces 3
o bove tvat Stick out O
Grour C: _TheJe gre ¢ compination o gwyp 443 -
L iYed cont@in & 6r 3 Inin pleces ¢t

bone that stick sut, dut #'hcy Allg |
ONIAMN a flat QAGWH of beva on 10p

J

4) WHAT 1S THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

Q GRcy A: :TTITEJ BD/\E ) THIS GRouP HAVE (;l\
LOELE Hees af Bons ThaT Slog o€ opk: Si0e,
Grour B: THESE \(BONT HAVE OME | 206 PEE
L THET  SHeors off TRoOM onkE SIDE. O
Grour C: VHESE D7 \WS  Bavis a)n 0ISTINCTWE

—_—

ROy PR oTE RIO S

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GRO:}A: Bosic Yripod shoge, with holloy 4ube hike certers. Srmller
J@&hmwﬂmugﬁtmmﬂam&wm

'EC olmost perpendion) oo 4he \OW; 294
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Caxt Y

ELEVENTH 5RADE  ScORE PoINT 2

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

Grour A: 77‘-/ Gie %{ Aax? 0/7/,«-7‘4,,{ WAV
7% 4":&"/ A‘ré ,% 0#-’-’.
Grour B: . Tiee h oo /4»'//4. 7}/-.*, Aot 5 o @ '

4 , 7
0’P ”» 5”‘/{ -’-/O ,h’ 7/,4&A )/l"’l ) .~ -

(V)

7

GROUP C H TA@/ /“"’ ){"‘ O N " “f'..\.s “',: :447,‘ ////},., .’4\& .'L
L b,

L) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

6ROUP A: _ Xhyy || hese o (mdy itk v dle o Yh iaany’ |
abhdh Pl o, Onl £ dore st pne e il L N Lg L1, ) 0 B L

S GrROUP B: __ A ({ ol bones Lpr Sl oo chse  equrst W i laner A | @
'ﬂ‘( ‘L"bo l‘}f\f(( (,‘Om_'\-\ UJ ’\JIP L(U‘l ’-A [4al 4'.,( ‘_;\f.ok ~ Lm( l“'\—"\ h’l/ hﬂo

l Smlle e

GROUP 'C: O(\‘\,‘ ‘ (u‘,\lr\')r /(\(l {’\MA"‘(- 1 /V*Xl L)H< '\—[”A ¢t g dag

V/

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

Grour A: | Single. meu A e ouX de‘w*

W 3 g ‘H'\p\joﬁm fﬁﬁn ahivie b A v, L@%&-
Grour B: _Q DY’MS \HH‘!M\ mﬁ %\ZU/\D‘S U\?\/)Q'*

AN S Yl 90 A 2
Grour C: Y'lynn" \J\Lk onL YOURst middu

ji\mpgd

R25




) FLEVENTH GRAaDE ~ ScORE PoInT 1

4) WHaAT xs THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GrRoup A: "7)\Q,u Qbh }f\ﬁ\ W O Lﬁm S@t%
b e ,Lmowm ()WH\QW\L
6roup B: L Mous Mo S0 s [N
Jm}oo-%-f\.m .o S Apen.
Group C: rjf‘h’Y\Q roue Adach O.{tQﬂ[‘U(\l
s Y- Soswe \U)VU QA @l,[)\Dfl%Qa

4) WHAT IS THE SAME ABOUT THE
BONES IN EACH OF YOUR THREE
GROUPS? /kn«e-« At ot w4 &F&,wl Sh\“‘{""

Group A T :.lvvv"l A all 04 ™. HUHf A4 liuLL_
IWO "‘AV( S‘lm\lh g'f‘Tv\l/L./\.i 9“" F 'S Qe oi! l;a,l

@ I

Groupr B; G”’Vy 5 n” o! (’7-"% a ‘{\Lcw/\ <‘l%u( /
"F ('\«-u gm\w IMU g\*’ H s pn pod L‘H .
GrRour C: _(1“0\*‘ ( Lod'n.w swlhxp L}omc €D aud

£ simlpr sl'wutluws ¢ J, /))aV\J O 4F
ahyov)-(_ fh*l-( M‘(xw{'

4) WHaT IS THE SAME ABOUT. THE BONES IN EACH OF YOUR THREE
GROUPS? a

Grour A: .2  me € S T

has holes [Pre dhe others do
Group B: .&mmﬁﬁ_ﬂlﬂ?e ‘H’)Q\-{GJ, leot $he @

Nt ﬁfo:
. Grour C: S0 MNE -%hO\PC d?@&ﬁen-‘«:ﬁ?m%
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Comments on Vertebrae(sort) Grade 11

In this exercise which called for students to form groups of vertebrae,
the students had to observe the bones' similarities and differences and report
their sorting results. Plausible groups of vertebrae could be formed by
matching the bones on external morphological characteristics, such as number
of projections, size of projections, number of foramen, size of centrum, or
general shape. The best grouping would centain thoracic, cervical, and lumbar
vertebrae in their respective groups. The Atlas is a slightly atypical
cervical vertebrae, therefore, it was anticipatec that some students would
find it a problem.

For the third part of this erercise, 54 percent of the students were able
to correctly place the thoracic, cervical, and lumbar vertebrae in their
respective groups. Another 20 percent of the students correctly grouped all
the vertebrae, but misplaced the Atlas. A valid statement distinguishing at
least one feature of each group of the vertebrae was made by 67 percent of the
students for part four of the exercise.

Based on these results, it was the consensus of the advisory panel that
this exercise is suitable for eleventh graders and also would be suitable for
seventh graders. Also, the administrators reported that the students appeared
to like the challenge of sorting the vertebrae. The materials for this

exercise are fragile, but small and very easy to set up. With sufficient lead

time, the bones are easy to obtain. This exercise is appropriate for any

future national assessment at eleventh grade and probably at seventh grade.
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GRADES 3.7,1]

STATION 2

How DID THE AMOUNT OF SAND IN THE TUBES AFFECT THE TIME IT
TOOK FOR THEM TO ROLL DOWN THF SLOPE?

IV -

HERE'S WHAT YOU DO:

1) RorL TuBes A, B, AND C DOWN THE SLOPE ONE AT A TIME.

WHAT DID YOU FIND:

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE-.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-

2) TuBe A .

3) TuBe B .

4) Tuse C .
O Now RoLL TUBE D DOWN THE SLOPE.

5) How DID TuBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

EXPILAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES-

228




O ' Activity Identification: Sand and Tubhes

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Physics

Apparatus required: Three identical capped plastic test tubes labelled A, B,
and C, each filled with sand to different levels; one empty capped plastic
test tube Tabelled D; wooden or plastic incline with START clearly printed on
the top of the incline; paper and pencils.

Administration: Tubes should be placed in a suitable location where they
can't roll into one another. Tube D should be placed close by but physically
distinct from ti. other three tubes. The incline may be placed on the floor.

Servicing: Tubes should be stood up after every administration to level off
the sand.
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0 . Sand & Tubes

Station A

Grade 3 - station 2
7 - station 2
11 station 2

Scoring of the Written Responses

2-4) Score 4 pts. for a statement or set of statements which accurately
assess the relationship between the speed down the slope and the
amount of sand in the tube (i.e., the more sand in the tube, the
faster it rolls).

Score 3 pts. for statements which only note how the tube rolled down
the slope (e.g., the tube rolled fast) or how much sand was in the
tubes (e.g., the tube had a little sand in it).

Score 2 pts. for an inaccurate statement about the relationship
between the speed down the slope and the amount of sand in the tube.

Score 1 pt. for an irrelevant or incorrect statement 2r set of
statements. '

Score 0 if the student makes no response.

5) Score 2 pts. for an accurate statement or set of statements about how
e tube D rolled down the slope compared to the other tubes. Score 1
pt. for an irrelevant or incorrect gtatement about how tube D rolled
down the slope. Score 0 if the student makes no response.

6) Score 3 pts. if the student notes two or more of the following: 1)
that sand slowed down the partly filled tubes, 2) that sand could
not roll around in the full tube and therefore makes the tube roll
faster, or 3) absence of sand made the tubes roll faster.

Score 2 pts. if the student notes one of the above. Score ! pt. if
the student's response is irrslevant or doesn't provide an
explanation.

Score 0 if the student makes no response.

Skills involved

In this exercise the student is to formulate a hypothesis or set of
hypotheses to account for her or his observations. In order to formulate this
hypothesis the student must make comparisons and contrasts between specific
observations (i.e. the different tubes).
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WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND 1IN

EACH OF THE TUBES AFFECTED HOW FAST I!T ROLLED D -
! OWN THE SLOPE. !
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OFHER TUBES.
2) Tuse A T\JJ‘\Q- A’ Was .H’\Q éﬁjl%_;/ A(paqf& ! })QJ

3) TuBE BIU\LQ 8 (4= 1%‘571‘ ch f/ow Dec ay g v;f. ﬁg

4) Tuse CThe € wes Mo <fowed hornce ;féao/an “\"Aq
lf“A ths fﬁﬁﬂ 7:;653 ¢i ¢1,)\ i/*}é

s

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACHA OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE."

»

N ’0

TELL HOW FAST EACH TU R LLEDCOMPED 0 THE OTHER TUBES.
. X { '.:; . ‘
P 2) Tuse A . I '.;_,o Y _A‘,’(A.., LY,
, 4 q ) RN // :
3) Tuse B. JUOIIOA. Av OTX ADALIN, AT b KON XL, 20004,

-‘M(.ILJHJML ADNS .

",
4) Tuse C JOOTZZMX AX
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‘Now roLL TUBE D DOWN THE;SLOPF. . @AJXMLWWWW

SEVENTH GRADE  Score PoInT 4 > Xs )__\1‘

TELL HOW FAST EACH TUBE ROLLED COMPARED ToO THE OTHER TUBES-.
Tooe ATttt e woti nucin T L Awsno duawiy 1

A g a3 UL 2N !
\‘hbé C Lotp s i alctddt oLLC\,MJLeQL
Dy ey o AL e T QU St Tepaacd,

WRITE DoOwN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN ;
EACH OF THE TUBES AFFECTED How FAST IT ROLLED DOWN" THE SLOPE. L% '

(1 '|‘ '
Now RoLL TUBE D

WRITE DOWN IN THE SPACES BE!.OW HOW THE AMOUNT OF SAND IN :
EACH OF THE TUBES AFFECTED HOW I .8T IT ROLLED DOWN THE SLOPE. L&

TELL How FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-.

2) Tuse A _Z&MM o s ‘,’é}llg’m/q,)fm—jﬂi\
4) Tuse C mﬂmt Almxf/zpfmm :d‘ /!\{J,( VP P %

3) Tuse B so e Lido 't ok

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN

.EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN- THE SLOPE. (_Q '

TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.
2) Tuse A Tube B was Yhe ffese e cann didni Mee =
3) Tuse B SeleC Yan duve € il dfoer than ARBLIBS Bhe"13:
4 Tuse Cowesk Neuce WWie sabd hod i NGk vhe mosd
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@Q&“\T‘S B
ELEVENTH GRADE  SCORE POINT 4

wR!TE DOWN [N THE SPACES BELOW HOW THE AMOUNT OF SAND IN

EAQH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL How FAST EACH TUBE ROLLED COMPARED TC THE OTHER TUBES. .

i ﬁ/\&’

2) Tuse A LNp w0 _ S Th e : )
5 tuse 8 Lhin uar Qorend [hislogh w‘ﬂ
Y daoleyd . |

el

1) Tuse ¢ \Mao LoD Khe ,-“Rﬁ

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND [N
EAcH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE. :

TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES. T{.
2) Tume A wweée sarg- moee acclvaheh @)
3) Tuse B____ \€8S sonll- Swower acceleratin :

4) Tuse C Shl, &8s Qand - OlawRr acaledhy,

Noy RoLL TUBz D DOWN THE sLoPE.

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN @
EAcH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE. —

TR_L HOW FAST EACH TYUBE ROLLED COMPARED TO THE OTHER TUBE,?? e A
2) Tuse A I??M&m:f thoudhome Ll Wm@@i
.3) Tuse B _rg' 7u%zqz, |0y IJ(,/J%O//JZO! ,f:j':g }:#Mp')o
4) Tuse C ALSS *hon 'Hié-—ﬁt/’uw/ &/t C
. koo Voo Ehan

~
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Qo:*% 22—\

THIRD GRADE  SCORE POINT 3

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TYBE ROLLED COMPARED TO THE OTHER TUBES.

2) TuBe A ___, b . .

3) Tuse B /wudﬂ,_f .
4) Tuse C _M .

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE. -
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-.

2) Tuse A f>

3) Tuse B bn MMZ L 3
4) Tuse C Lowen .

WRITE DGWM IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-.

2) Tuse A Focter than  Flne othors '
3) Tuse B (L /. f?f/f/ <lowey. %bﬁm Cr @ .
4) Tuse C 0(/ /a‘lL S!(‘UAZ&V‘ 4;119"44\ _@, /QMA/:K
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\Do.ré(S DN

SEVENTH CRADE  Score POINT 3

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN .THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuee A _(h .v\@lﬂo@.bﬂ)\‘tf - :
3) Tuse B _D.rallod ottt wletion. L3
4) Tuse € _Q e Llod W %‘)\ .

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THEZ TUBES AFFECTED HOW FAST IT ROLLED DOWN:THE SLOPE.

TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.
2) Tuse A M/MAW? )

3) Tuse B wenk Jnd fodleaf '
4) Tuse C _LQMM - :

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT‘OF SAND IN N
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE. ’%;
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse # Tolled  Coasber AN ot QECS
3) Tusg B _col\eq Ao e o ‘\YDU’VCQS#@* e nNC
4) Tuse ¢ CONED Slower Hhp e Ve b\ RQQ,
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EACH
TeLL

EACH
TeLL

EACH
TeLL

@ cﬁx:ﬂi% ™o

FLEVENTH GRADE  ScoRE POINT 3

WRITE DowN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES. ZE>

2) Tuse A WM\ Mf\ Thar B andd
3) Tuse B QQM Lol ’I\)Nv-\l Pil,rw*ﬁ\l M&\M\W(
4) Tuse C QL@A/\'MM v .

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
OF THE TUBES AFFECTED HOW FAST [T ROLLED DOWN THE SLOPE.
HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse A (o] fachect . %
: — =

3) Tuse B __(lled <erond faciccd .

4) Tuse C f@”fd <trare<d . )

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN- THE SLOPE.
hOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse A »(lv”d == _voiled ﬁzz,%-]P e

3) Tuse B alYVtOS'r/’ pﬂl{?q’_ —? r7)”~€c£ p‘.zk(_’d[{uu\_ @
1) Tuse ¢ Almost % Bllof 5 —lled Shaes .
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THIRD FRADE  SCORE POINT 2 Coxs Q-

-

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-.

2) Tuse A 9 xLL ADL ]CRJL M .
| 3) Tuze D v Fubre  qups-a g

3 4) Tuse C ) AL fuf& MM)‘;

¢ Aol

N TR Kt

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HCW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW. FAsi EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse A _FagT:
3) Tuee B _Q 1T e, b;sf-ffaw/ei’? @
4) Tuse C andm {;meﬁ;f—‘ffﬁﬁ/ek’f :

|

g

|

s .
|

!

®

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2 Twed_tqgST ' .
3) Tuee B S /0\4/6}’ ( ISR
y TweeC_S o we€y :
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PQAS Q-

THIRD ARADE - Score PoInT 1

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT RCLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse A 3
3) TuBe B _4 V).

4) Tuse C A .

WRITE DOWN IN THE SéACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLER DOWN THE SLOPE-
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-.

2) Tuse A _TUST @

3) Tuse B ’Fﬂsf

4) Tuse C g/éw

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE-. .‘ ,
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES- i

' ;

2) Tuse A _L4 lggggagﬁ l;ge 4 {gggiallfﬂg[e.jj

- ' ) ] ' s ‘
3) Tuse B W hen 14 caﬂed_LLa_ak_e.gLL_k_mw- : fag fuu L [

) Tuse C ! Hold wbo - ‘mtoQ,
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SEvenTH GPaDE Score PoinT 1

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse AJ%

3) Tupe B k= M%W

4) Tuse C ka’f}@ %&1 M

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse A 4 wewnt Wind o€ fast .

3) Tuee B =% werd Pastkr dhan A

4) Tuee C X% yienX -QL\SJVCY 4*\'\&\/\ [‘\WQ)

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNf OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL -HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) Tuse
3) TuBe
4) Tuse

233




CasXs
FLEVENTH GRaDE ~ Score PoInt 1

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUMT OF SAND IN
ACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
ELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-.

2) Tuse A _Last
3) Tupe B_SGshen
4) Tuse C Lacdest

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES-

2) Tuse A _%0\10 Adw ol {\m\’% heandon .
3) TU_BE B‘S\GA\,’QQ ™l . \3‘}\-{13 hQ/\C( \
4) Tuse C S\b\-ﬂ.gg\ﬁ,{n‘,\/} a\X 0l .

"WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
TELL HOW FAST EACH TUBE ROLLED COMPAREL TO THE OTHER TUBES.

2) Tupe A Mac\Ma_ Affedod & & 20Q.. . O :
3) Tuee B_Mad R ~5‘m‘\\a?g,(as%>oosQ . l

4) Tuse C _LO>A \')Oc:)%&\'\___(y\- o) CO@@) S\GLEE




Cask S

THIRD GRADE  SCORE POINT 2

5) How Dip TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

Tuée __D f‘p//&ofl/jo/jau/n ‘[-'ﬁ\e/
E

F'Q,g jtr"s f’

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE

™ we nt the +4,o1e,

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED 7O THE
OTHERS?

N A oo AR _‘)chﬂfu.)% A e @
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QEVENTH FRADE  Score POINT 2 ch:\ <
F Now RoLL TuBE D DOWN THE SLOPE.
5) How DID TuBE D ROLL DOWN THE SLOPE COMPARED TO THE :2”
OTHERS?

Tuwoe D coled Yt abboct ARE same

speed o= MYour % cdled Lasher
Yran B O

Now RoLL TuBE D DOWN THE SLOPE.

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE

‘ OTHERS? .
| e went mu\c\'\ -;F’QS‘\’Q‘(' OO (S
A 6) o r C v

/

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

M 2004 mmvin] ,/Mj'm Nrca A Lol vt e =
@'L‘Ollml »‘MAJ./‘L 11_ i
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PacX S™
FLEVENTH 5RADE  SCORE POINT 2

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE i:lj
OTHERS? ( )
D was abo..ul' 7"{'\\’ Same. S?@Ed as A

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE )
OTHERS? 9—/
DS AR 9 bdant VA e A C

5) How DID TuBe D ROLL DOWN THE SLOPE COMPARED TO.THE

'OA ol mgpyo’(ama%(/ thy ity ag @
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Casx S

THIRD SRADE  Score PoinT 1

5) How DID TuBE D ROLL DOWN THE SLOPE COMPARED TO THE

OTHERS?

|+ wenT (é@vyg | ¥Te Tuge o,@

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS? :

oo @

5) How pID TURe D

GTHERS? ROLL DOWN THE SLOPE COMPARED TO TH
t ! | | ‘
i:”_ma;sm’zi. -({ere,m‘} -/r*mn/\%}w N

e 7

/




QevenTH GraDE Score PoInT 1 VasX S

Now RoLL TuBE D DOwN THE sLope. =~ SR

5) How BID TuBE D ROLL DowN THE SLOPE COMPARED TO THE

NSNS

—

Now RoLL TUBE D DOWN THE SLOPE.

5) How pID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

A At Anghe Al ,n~u<}x AgrA ?u~ A Aﬂid&{i:ij>
___;jﬁﬁ_lukgszﬁ;447 :

Now ReLL TuBE 0 pDowN THE sLorE.

5) How piD TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?
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® ELEVENTH GRaDE  Score Porni 1
H 5) How.DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE ?
OTHERS? @
‘ D e moc‘m Slouler mmMGrS o Ho othees
&bg ,mgg_h LA -) 'iﬁig, . _
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Rask &

THIRD GRADE  SCORE POINT 2

8) EXPLAIN WHY TUuBE D ROLLED THE WAY IT DID COMPARED TO THE

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED T9 THE

OTHER TUBES. ‘-_-9..,5& De@«if‘é M

Lrocane B Ll T opne (D
S drhs o

6) ExPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES. .

Beca e, ‘i el / Q%Jéaf 0

]Llﬂam: bhe of‘/léc.s.f. _é.yv__aagﬁL
j) let 4 +he g!o%Oe /4 ./’fP/ﬂ?L a¥a .40/7/@5
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K§33L§3K Q:
SevenNTH GraDE  Score PoINT 3
EXPLAIN VHAT YOU FOUND: -

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE .
OTHER TUBES.

D called Qﬁs‘\@ Ao = s C R s LarX:
Yeece L os Dothina iaside ofiT

e =loun v Gewon N called Ak
3 Dot e sagme =eeed QS N \QéQQLf
N woos Fallea Qo coll

Comeletely Aot By g raviy and
O Adnry v onythmg o~ ik

=0 X went | ouar as Cosh,

~

EXPLAIN WHAT YOU FOQUND:
6)

EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

01 senikt Leaiiod /aém’mv

W Y /qu%w{ L= 2y (}WQ
%/)M( Wil an

%wmz;ftw& wd‘x?/\

6) EXPLAIN wHY TuBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES. :

T waes @a%*m than Y heaaus ‘H’ve{‘e @
WS 0 Sand 4o SheY T oS S'Ouief ‘vaa;-,
/*' \nerause 'Y wosS K}h+0r‘
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SEVENTH ARADE  Score POINT 2 Yo G

) EXPLAIN WHY ruUBE D ROLLED THE WAY .IT DID COMPARED TO THE
CiHER TUBES.

T olied Ine wOu iibecause - 1+
Adnt ~ave Anu _sana e #® . The S

fare 8AAd AT 1S . Yhe dube
e Sowar X rols)

£;) EXPLAIN wWHY TUBE D KOLLED THE WAY IT DID COMPARED TO /fHE
OTHER TUBES.

ggmgg: ettt s on pull g&%\maz;f ,g'_'
MMM l

EXPLAIN WHAT YOU FOUNE:

©) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
"QTHER TUBES-

&mw, ‘E’T»J);e/ , YAy -
Dove,  onvu_ a/m,co o X
ond 8  Avd bke o B C
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FLEVENTH GRADE  ScoRE POINT 3 YorX &

' . EXPLAIN WHAT YQU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES-. :

| Yk Aot 0 qud A wet similar .
Becact gy ot nedl @i velunes of (
o Confent, Hure wasnt a_ lot of iwom

or ¢t ek and 48 ol

. EXEI_AIN WHAT YOU FOUND:

6) EXPLAIN WHY TURE D ROLLED THE WAY IT DID CUMPARED TO THE
OTHER TUBES. : - : :

_ ﬁON" C AaJ +o %o S’ower‘ So %¢ aand C'Ou@
Shili- A was L)led all _¥he way so He say
_d/'C"nQ’ Move  Nucr ’L/’. ant/ sa D :%«!/Z has no
) dand Yo Slow it dow\

"EXPLAIN WHAT YOU FOUND:

. " . '
- 6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE,/
} OTHER TUBES- ' . %

Tt WwaS \gq\o\\\gc\é W £ Was |

meannd TN Ao f+ WaS €ull 04 Sand anh
it B WS empin o The 03 tules Mt shvee

Lecans® They wure hale Filld ¥i¥nSand

WO b TR o Lalanc® YoraR Ve
The 4ube Furd oV the 1005 san) Wow  uer
O™ Slovingy g tbe down vien T

M@ 0oV SAAR L Thee. WS ho Kfire St el Sa
Y == tube A and no sand &l to
A tuve D




ELEVENTH 5RADE  SCORE POINT 2 P &

ELELALuuAL_y_o_LL&Quuﬂ:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

S)\j’\Sﬂills\JDQD\ASLifﬂ\ﬁ (N k}ﬁ'ﬁﬁhiﬂj&iﬁaﬁlxﬂ(/izizﬁ
wwdwwo%m%

AhO A0 SRNAA L RUICD L L s &4 (Pur
VR3OS

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN wHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE

OTHER TUBES
: S fosk g€ A begquse
W Obhn _tohes e anly oan#m]jj @

Lilled gty sand g wade ﬂ@n_inwg_

EXPLAIN WHAT xQu'EcuuQ:

. 8) ExpLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.
THE B zunA

| M_Q/MM e o i BI
i Amfoh o an  GF S Zokes g€ AL e
eo el cwnch) on The A o By A b8 G

2




CasX &
THIRD ARADE  Score PoINT 1

6) EXPLAIN wHY TuBE D ROLLED THE WAY IT DID COMPARED TO T
OTHER TUBES.

I+ ke +the others ey ept [ +dicbrt
have any

6) EXPLAIN wHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES. '

6) EXPLAIN wHY TUBE D ROLLED THE WAY IT DID COMPARED TO T
OTHER TUBES. )
[} 1 _L~\ Pl
D has N a/ro\f*ol aLr H’)\t Y

c'--t)ad, Yhe <gme QMOU?")# Qs
0D D'd.
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SevENTH APADE  Score PoInt 1 YCasX &

D'EJsJal.Am_xzmAJr_m_u_ﬂmm

6) EXPLAIN WHY. TUBE D ROLLED THE WAY IT DID COMPARED TO THE_
OTHER TUBES. -~ . . \

EXPLAIN WHAT YOU FOUND:

6) ExPLAIN WHY TUBE [ ROLLED THE wAY IT DID COMPARED TO THE
: OTHER TUBES.

. m@%wmmmw \
el ond M%udﬁmﬂ&mx

] EXPLAIN WHAT YOU FOQUND:

6) EXPLAIN wHY TUBE D ROLLED

E WAY IT DID COMPARED TO THE
OTWUBW MW@/ CD
T




= ./
e (L
ELEVENTH GRADE  Score Point 1 NN

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

= 12&2524;~a»«42§> L @ ’¢”“”:2§%ih_;§gfi— \
‘ ~ x\_/

EXPLAIN WHAT YOU FOUND:
6) EXPLAIN wHY TuBE D ROLLED THE WAY iT DID COMPARED TO THE
OTHER TUBES. 4 <::Ei> ,
Tubes A~ D mliéd,. Ute S‘Mc )

g/ngf-y o -{’y . (\lfdi_?;_lg (Mﬁf% ////,7’/
%:p /ﬂ%’/‘hﬁg’?{' vV A AT,

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPAREHF ¥, THE
_OTHER TUBES.

lhe. oo 1 %th waa/\‘lw.ﬁmk-
1o tha. odlurne, Lhord e z‘:itc.. f%":rmcg«z
eved (£ 1 praq /é{p/ C/

()
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Comments on Sand and Tubes (Grades 3, 7, and 11)

This activity required students to infer the relationship between amount
of sand in each tube and how fast it rolled by rolling each tube down an
incline and observing the results. Students were asked to note the results,
ard to formulate a hypothesis about why tube D (the empty tube) rolled the way
it did. While this activity was well received, staff and consultants had
numerous suggestions for revision. The apparatus seems 2xtremely well suited
to making observations and drawing conclusions about the relationship between
the amount of sand in the tube and how fast it rolls. VYet, no third graders
and only a few seventh and eleventh graders explicity noted this relationship.
This question, in contrast to the Wig-Wag question discussed later in this
section, did not explicitly ask students to state the relationship or provide
a single response space for a summary statement. It was agreed by staff and
consultants that the assessment should contain a range from explicitly stated
questions to questions in which the students are required to infer the
relationship based only on their observation. In the latter type, however,
care must be taken that students are not misdirected as might have been the

case with Sand and Tubes.

Some consultants felt it was inappropriate to ask why tube D (the empty
tube) should roll differently from the tubes with sand because that is an
extremely difficult question. Others felt such a question would be good, as
it would require students to develop a hypothesis. Suggestions for questions
that could be asked about tube D inciuded predicting how the tube might roll
compared to the previous tubes, or hypothesizing about how much sand was in
the tube based on how fast it rolled. The compromise might be to have
students base their hypothesis on their observation and accept all plausible

hypotheses.
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Finally, it was suggested that this activity might be group or computer
adminiétered. This would be more cost effective and might provide a way to
ensure that students do not revise (erase) their hypotheses about tube D based
on their actual observations. If the apparatus is used, the tubes should be
made of plastic instead of glass.

In summary, the idez and apparatus for Sand and Tubes is appropriate for

use in an assessment at all three grade Tevels. The format of parts 2-4
should be revised so that it does not diécourage students from articulating a
single relationship between the amount of sand and how fast the tubes roll.
The questions should also capitalize on the apparatus and ask students to
predict or hypothesize about tube D. A question about wihy tube D does nnt fit
the established pattern would bLe acceptable, if there is a way to record
students' initial hyputhesis about tube D. The consuitants seemed qgitite
confident that students would erezse these hypotheses if they diftarsd from
their subsequent observaticns. This activity should be retained =nd revised.
It could be a computer sirulation or administered using a computer plus a
videodisc, and, if not that, pernaps group administration with much larger

tubes for demonstration by the administrator.



GRADES 3,7,11

STATION 2

Do THE CAN AND THE FUNNELS ROLL DIFFERENTLY AT POINT A?
AT PoINT B?

HERE'S WHAT YOU DoO:

1)

2)
3)

4)

HAT D
5)

PuT THE CAN ACROSS THE TWO PIECES OF WOOU AT POINT A,
LET GO AND WATCH WHAT HATPENS.

PUT THE CAN AT POINT B, LET GO AND WATCH WHAT HAPPENS.
PuT THE TWO FUNNELS THAT ARE STUCK TOGETHER AT POINT A,
LET 30 AND WATCH WHAT HAPPENS.

PUT THE TWO FUNNELS AT POINT B, LET GO AND WATCH WHAT
HAPPENS .

YOU FIND:

WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
D FFERENTLY.
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Activity Identification: Rolling Funnels

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Physics/Mathematics-Geometry

Apparatus required: A double cone made with two identical plastic funnais; a

wooden board with two diverging rails and points at opposite ends laielled A
and B; an empty tin can.

Administration: Administrator should place the board, can, and funrels on a

flat surface (table top) next to the diverging rails. The can and the funna)
should be placed in a stand-up position.

Servicing: None required
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Scoring Guide

Rolling Funnels

Staiion B

Grade 3 - station 2
7 - station 2
11 - station 2

Scoring of the Written Responses

5) Score 1 pt. each starting from score pt. 2 for each accurate statement
about the ways the can ard the funnels rol1 differently for a maximum of 3
pts. Scoreable responses would include the following: 1) the funnels roll
uphill at point B, 2) the funnels do not roll at point A, or 3) the can
doesn't roll at point B.

Score 1 pt. for an inacurate or irrelevant response.
Score 0 if the student makes no response.

Skills involved

In this exercise the student must make comparisons and contrasts between
specific observations (i.e., the can and the funnels).

239



THIRD ARaDE  Score PoInt 4

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

Yre can_ yrolled cind laid Fpe
boalndr o e Cunvel did o
raly far AT hu¥ Y‘)U’r Y+ on B

ard it ro\Je,o\ My o fc’ .

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS RbLLED
DIFFELENTLY.

The for N poelld Lrom & .1 2, .
b1 i“ (I}l{,n'f‘ g4 {fam B F, A A
The -'[u,_nnmlr. “Rglld tra B.Jo ,4 4
hod  pot  fram 440 B

5) WRITE DOWN TH
E WAYS
DIFFERENTLY. 5 THAT THE CAN AND THE FUNNELS ROLLED 47

Ihe con o n+ Lr=< on O“.&&f\d
B The funnel sknd an a anA
da oo+ call. The RUNOe! an A
et ek wacds., -
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SevenTH GrRaDE  Score PoInT 4

5) VWRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY

’(\/\_‘Ji._ C. i v o\led toruwiarcd &
A B §313*’V\ §>c3iﬁﬂé—5>‘ Xl ‘
Wt eell ed ok Soir

(ﬁ Qo o\ed 'op Thi Cecavuan

\mack Warde n\uidzw) .

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

The con polled  forward of € 3y, wood
—black (£ ylled faster £ pp point pad
__thwee 4B the fumele difl ot oo atall
— When ihusen B butyle, (Fuas 6nB

tﬁi'g&,_bu ck waedg

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

THE Funele stenjed V0 g o511 A
CZp«4u/ &L*‘Al?cﬂrid 7N fED[VQZJ Jp 1o /9cuﬁ4v;/$

VRE Caun (olldotdh e ¢crd at ponth 7
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Qty(‘fo( vl o ¥F '
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ELEVENTH (RADE  Score PoInT 4 \jdféc“ S

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNMELS ROLLED (~4
DIFFERENTLY» ; "
The Con wlls normall y (Pur\,oord) at jOOlf\h _
A0 - |+ Dot

Dara B, The 'Punnelxléortﬁ-@ il o «dle Tbgm
Nrep e Diher ,-.-Pﬂr'sf Fovnara touxucte B _then
_backwarrds on0k dooads B wken i+ 15

Tauf- at poth’r B, i+ only »lls baltkuards o A

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

The Can colls fore A 4o B, +he Dianels )i frnm .
B tv A. Th (Unne,fs Shp ot A, b -t /'7\/>
_can doe rot s19p at B. Whew He con s aced At -

Rid mils off We orlgg Cwhon +h fonnels are piaoed
od A +he do vt el

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

v_11e can aluous moves Hom point A 10 paivit B ;e from B o
i fywmel doesvit yvave from A b B pot w4
moYe from B 4 A ),
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THIRD GRADE  ScoRe POINT 3

5) WRITE DGWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

/& -’43ﬁL car oAt Do
A [

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFEREMNTLY.

The con tonly oled Lom A Tp %‘.‘ﬂn{,

B onntls M\\\Z; wled Srovm R0 A

3

\®!

5) WRITE DOWN THE WAYS THAT TH: CAK AND THE FUNNELS ROLLED
DIFERENTLY.

~.;3hmgnil-pu$ Yoe ko Funnels abk point he

X went bhut Fdid.n‘l— Libern X pm- Y at b

il went and whee T opul v abh (b oend

3.
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YouxX S

SEVENTH CRADE  Score PoInT 3

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
" DIFFERENTLY.

N Lonme v o\ LD ey j
B amd N0 can ~oN\ad

Qﬂ |

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

CjM Con JK;)—Q/Q/) {-} fra ' ‘,ﬁ‘“‘um /e A W
'(Na cr@\\Ll./Wp' —rﬁ\g_ ’—tUT.L- r‘-# < /(’ WEL e ts . /\«/1\ 5
LA/’L‘)t,v(L s .,Q %4 vyJ:J,Q “ : —

Y 0~qu.}~ /‘uf?% .ﬂ«'wm ”6)3\\'{;‘ ’H i

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

T haq COM  \apih VQ/W’M
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ELEVENTH FRADE  SCORE POINT 3 Por <

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

77&: ap ‘QZZQK, Ré Hhe 44«:« place é&h&ﬂgg o
' /.

Moy wes otk hecece o Mo ba /2 £ AAH
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

The com: fol 4 ~- ¥ gl A o V. \
notd ) 3 % wWan A -
MJ\&M@J nt. E;a,udx){-apndod
PL_LJQ&_MM{AM@E- 4 it

enode ng  ralisn

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

fL% G lled  Fen Ponk B 4y pint £ fi;‘;
Ko Priaf B o Yo hlle. Bower Ho Lfnel
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THIRD GRADE  SCORE POINT 2

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED '2
DIFFERENTLY.

‘—Dne can 1 enf é@“m

The funcel Jdacun L up

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED g
_ DIFFERENTLY.

Ike CON /”07’/56! f/ﬂﬂlt"f Jbu‘}
A AANOE _coMe harl

ThC 1[/‘3}’\/\(’1” caM e bock
Jropm iy IUU LS S5 N W
5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED iz,,f
DIFFERENTLY,
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QEVENTH ARADE  Score POINT 2 \P@Jﬁc S

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

o€ Yo Can e Goeee ob afavita Qu\\ﬁc‘x ks
HAown. X Doliy A.for ’rv-& -?ur\ne,sqg e
\NOOB opev\ea Q. Qu r\WL\\.. WAt d\.O\UV\ 1‘1‘:

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
" DIFFERENTLY.

A con weldied dewn e/ ZﬁéL VR
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROL.ED

DIFFERENTLY. dp




ELEVENTH 5RADE SCORE PoINT 7 —

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

b /Cgad+x Balled /s 7&1%1 Aanl e Jh(/ES;/‘

0&&, AZA A QA.J /fﬂ/qim—f' ,LPA;QA-J;J ‘

5) WRITE DOwN THE WAYS THAT THE CAN AND THE FUNNELS %ULLED
DIFFERENTLY.
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5) HRITE DOWN THE WAYS THAT THE CAN AND THE FUNMNELS ROLLED
DIFFERENTLY.
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THIRD ARADE  Score PoInT 1

DIFFERENTLY.

} %ﬁu&}m& SO S -'A\U\MA

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED ‘

5) WRITE DOWN THE WAYS THAT T
HE CAN AND THE
DIFFERENTLY. . FUNNELS ROLLED |

the cooN %05 ;ga.sj’gr then +he FUNN-LS

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED |
DIFFERENTLY.

Lt Voljeol tetds a
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ELEVENTH GRADE ~ Score Point 1 Porsd S

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED

DIFFERENTLY.
T\’-\e con dd g o Al L faok  Hy
£’mm\p\ “{wie bochoda (

5) WRITE DowN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

At of AN\ Hhg. Chn yAled
a0 thao, Panngy Ak
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5)

ELEVENTH GRADE  Score POINT 1 PV

WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY-

e can Colled Hhy <avmne et

e '0)&)\(\"?5 Y2 R, - Culled 6‘\\‘0.\:;(4{"
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Comments on Rolling Funnels (Grades 3, 7, and 11)

This activity required students to make observations and report their
findings. NAEP's advisory panel liked the apparatus including the double cone
of funnels rolling uphill, but felt the questions should be reformulated to
assess how students deal with a counterintuitive situation. They felt that the
innovative apparatus was in a sense wasted by having this activity be
observationai only. Thus, it was suggested that after the students roil the
can, they be asked to predict how the funnel will roll. After rolling the
funnel, they might be asked if they were surprised and what they might want to
do next to see why the funnel rolled up hill.

The discussion for Rolling Funnels was parallel to that for Sand and

Tubes regarding administration procedures. The consultants had the same
reservations about students erasing their predictions after the fact and
suggested that opportunities for them to do this should be avoided. This
activity might be group administered or done by computer simulation. A group
administration would be more cost effective, while the computer simulation
would provide a way to record student predicticns.

In summary, the questions should be revised to use the apparatus in a way
that capitalizes on it's appropriateness for making predictions. The mode of
administration could be changed to group, computer simulation, or computer

with videodisc.
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GRADES 3,7

STATION 5

How Dpoes THE W1G-WAG MOVE WITH THE DIFFERENT BLOCKS IN THE TRAY?

THIs 1s A Wic-WAG. PuSH THE END OF THE TRAY SIDEWAYS A BIT AND
THEN LET 60. Do vou SEE WHAT HAPPENS? THIS IS THE REASON WE
CALL IT A Wic-WaG.

HERE'S WHAT You po:

1) Look AT THE BLOCKS LABELLED A, B, C, anp D.

2) LIFT EACH BLOCK ONE AT A TIME- WHAT Do You NOTICE AROUT
THE BLOCKS?

3) PuT ONE OF THE FOUR BLOCKS IN THE TRAY AND MOVE THE
Wic-Wac. NoTIce How THE WiG-WAG MOvEs. Now TRy WITH
THE OTHER BLOCKS-.

EXPLAIN WHAT YOU FOUND:

4) DEeSCRIBE THE RELA{.ONSHIP BRETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WI1G-WAG MOVES.




Activity Identification: Wig-Wag
Grade(s): 3,7

Method of Administration: Self-Administered Station Activity

Content Area: Science-Physics

Apparatus required: One inertia balance, two large C-clamps, one block of
Tead TabeTTed A, one block of aluminum labelled B, one block of wood lahelled
C, one block of balsa wood labelled D, pan scale, timer, and graph paper.
(Picture below only shows one clamp.)

Administration: The Wig-Wag should be set up using 2 G-clamps in opposite
corners as shown in the diagram on the inside of the box. The blocks should
be placed in a standardized, sequential order next to the Wig-Wag.

Servicing: None required
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Wig-Wag

Station B

Grade 3 - station 5
7 - station 4

Scoring of the Written Responsasg

4) Score 3 points 1f the student accurately notes the relationship
between the weight of the block and the rate of movement of the
Wig-Wag (i.e, the heavier the block, the slower it moves). The
student may express this relationship in a statement, a series of
statements, or graphically (note ghould be taken if the relationship
is expressed graphically). Score 2 points 1f the student only notes
that the Wig-Wag moves differently with different blocks in the tray.
Score 1 point if the student makes an irrelevant response. Score 0
if the student makes no response.

Skills involved

In this exercise stndents are asked to hypothesize the relationship
between weight and rate of movement. This reiationship can be deduced by
comparing and contrasting how changes in the independent variable (i.e., the
welght of the block) bring about changes in the dependent variabie {i.e.,
rate of movement of the Wig-Wag). .




THIRD BRADE  ScoRr BOINT 3 Pack Y

EXPLAIN WHAT YOU Founp:

4) DescRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND How THE Wic-WAG MOVES.

] /1.
@tdm the h.el/gef‘ bidochk ar< Lp S

—_the= J.dLg wag /'L’ mov e < Slogr& i~

than when the [ighter vpecs
are tn &

EXPLAIN WHAT YOU FOUND:

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE Wic-WAG MOVES.

{
kwhenthre hioect - Apcu/),}
o B m oVes _:541&;.&9 U, eﬁ;ﬁ ncl
W hen (77 c5 Lighr ik W5 Y o

FoLs ¢

EXPLAIN WHAT YOU FOUND: .

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND How THE Wic-WAc MovVEs.

< ). /ﬁlf*(:;L/' AT A4
f/ (/7 / fla L
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SEVENTH CRADE  Score PoINT 3

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES-

ThNa \;qhta_v O O\ e W 5
ARNQ e W A RVL %, |

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WI1Gc-WAG MOVES.

Tre heager the dowee ™ mouse 3

4) DeSCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WI1G-WAG MOVES. }

The heavie~The Pack , e | ovzu.c T+ TaHes
T ac hack amd Lactn.
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THIRD GRADE  SCORE POINT 2 Yoo

-
EXPLAIN WHAT YOU FOUND:

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE _
BLOCKS AND HOW THE WIc~WAG MOVES.

The {);‘ao&# ON__Moved o) e

The %m\_cﬁ]fohsq' mmvec\oglol‘ Aad Hhe

| \5ECnnA 50'3395'}” mﬂven\ C\)l'H/C
_&fx\me W bhe '.5cfcon<\ little one

!

EXPLAIN wHAT You FQUND:

4) DescrIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND How THE Wi1c-WAG MoVEs.

A maves o Little foct. B Io2) 245

Fact. £ mabes 44//6:09 sound,

2 wves 2y gloy.

EXPLAIN WHAT Yoy Founp:

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND How THE WIGc-WAG MOVES.

_l\‘ maves {;ﬁf ])1vwcnﬂacd ‘§Ioz4)!é§z

b&ﬂMﬁ&,q}{er

Cnnnvps pruf IQY‘ )
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SEVENTH FRADE  SCORE POINT 2 P U

I') DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND How THE W16-WAG MOVESs.

Ton  Qlorhe A X Ao > AN 7

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
- BLOCKS AND HOW THE Wi1c-WAG MOVES.

b s \eaviee and (roges, Nowxe Y \S 2__
aite \belee ¢ 15 |ive opd b yoved
s Yodly e weight end o Sz Ofies
GG becc\\xe.o": no +f‘i7&0\\ Copee . 7

L) DescRIBE THE RELATIONSHIP BETWEEM THE WEIGHT OF THE
-BLOCKS AND HOW THE W1c-WAGc MOVEs.

f/m p blnc_-Lle_Sn IargﬁT el dut . The (. ?/
bla k ﬁﬁ;mﬁ in bt ofloged 4he luzia, ~Wag 4 ¢ vrov¢ repid
The 'M"g Mj) PR slowly pith the B bilpek. ’
W wig-uMg was \/‘f‘v‘le(frg And A1t brove e h ar
a/l with the A ptoe k

El{llC 279

Full Tt Provided by ERIC.



Titeo Soege S Pour | QC‘” \

EXPLAIN WHAT You Founp:

§) Descaise e RELATIONSHIP BETVEEN THE WEIGHT OF The
BLOCKS AND How THE Wig=Nag Moves.

Thm il fobp Lom’\%

3+0b

LXPLALN WHAT YOU_FOUND:

) Descine e ReLATIONSHIP BeTvEEN THE e S
BLOCKS AKD HOW THE His-Nas Hoves.

5% sty My lodm_e_

ot gges %()mfblm hS ale headier
Sane g logig

LAY W v e,

4) Descarne mhe RELATIONSHIP BETWEE
BLOCKS AND How T4 g~ WAr g,
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Lelo}
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D
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[

Vagt ¥

Coome poe Sooge Ponr 1

L) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG Koves.

0 oo Qo ook Set \

R

i) DESCRIBE THE RELATIGNSHIP BETWEEN THE WEIGHT OF Tt
BLOZKS AND How ThE Nie=¥a woves.
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mmmmmm_m_

L bondp it tho by iglock o
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§) DESCRISE THE RELATIONSHIP BETWEEN THE WEIGHT OF The
BLOCKS AND HOW THE N1G-HAG MOVESH
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) A Comments on Wig-Wag (Grades 3 and 7)

This activity required students to determine the relationship between
the weight of a block and how the Wig-Wag apparatus moved. They were asked to
make observatiens and infer the relationship. Despite the fact that the
apparatus for this task weighs about 10 pounds, the activity was well received
by the panel members and appears appropriate for third and seventh graders.
The results indizate that third grade students understood the task, in that
about three-fourths answered at the minimal level or above. Almost two-thirds
of the seventh c¢raders were able to observe and accurately note the
relationship between the weight of the block and the rate of movement of the
Wig-Wzg.

The panel suggested that amplitude is also an important aspect of this

B acrivity and that the lighter the block the faster and further the Wig-Wag
should move. This should be kept in mind when refining the scoring guide.

The panel also suggested that it might help third graders to write down
their chservations after trying the first block. Thus, part three might read
as follows: ‘

3) Put one of the four blocks in the tray and move the Wig-Wag. Notice

how the Wig-Wag moves. Write down what you saw.

The remaining steps in the task would remain the same, but be renumbered
) accordingly. In summary, this task is recommenced for use in future

assessmenis either as pilot tested or with slight modification.
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GRADE 3

STATION 1

You ARE GOING TO PLAY THE CIRCLE GAME WITH THE COMPUTEL. THE
COMPUTER WILL TELL YOU WHAT TO DO AND YOU WILL PUT ALL YOUR
ANSWERS INTO THE COMPUTER.

NOW, TURN THE COMPUTER ON.
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Activity Identification: The Circle Game

Grade(s): 3

Method of Administration: Self-Administered Station Activity/Computer

Content Area: Mathematics-Numerical Reasoning

Apparatus required: Apple Il Series Computer with 48k memory, diskette with
program, paper and pencil.

Administration: Administrator should type in the student's code at the onset
of each acministration and reset the program at the end of each administration.

Servicing: None required

you
enter & number or a
: s question.

Q
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Self-Administered Station Activity- 3

Circle Game
Note: The computer will display a row of 13 circles.

Who gets the last circle?
The last circle loses.

How many circles do you want {1 or 2)?
Press the number on the keyboard.

Note: The computer will cross out the number of circles that the student
chooses with vertical hatch marks.

The computer takes (some number) circles.

Note: Circles chosen by the computer will be crossed out with horizontal
hatch marks.

Do you see how to play?
Press Y for yes. Press N for No.

Note: If student presses Y, the game will proceed. If student presses N the
program will display the following prompt and start the pro¢~am trom the
beginning.
Okay, let's go over it again.
Note: If the student presses Y the program will display the following prompt.
Do you want to go first or should the computer go first.
Press M for yourself.
Press C for the computer.

(After the student has made a response) How many circies (1 or 2)?

The computer takes (some number) circles.

Note: After each game the computer will display one of the following.

Hgoray,.you win! (if the student wins) or Sorry, maybe you"11 win another
time! (if the computer wins), '

The computer will then display.
You're a good person to play against. Let's play again.

Note: The program will then proceed as it did in the first game for 4 more
games.

Probe questions to follow the game- 3

Is there a way that you can play so that you can be sure of winning?
Press Y for yes. Press N for no.

Does it make a difference in your chance of winning whether Yyou start or
the computer starts?

Press Y for yes. Press N for no.
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If you pressed Y, who would you want to go first? Press M for yourself.
Press C for the computer.

(If the student pressed N, program should go to the next question)

If there were three circles left and it was your turn, how many would you
need to cross out to be sure to win?

Press 1 fer one circle. Press 2 for two circles. Press N if you do
not think that you could be sure to win if there were three circles
left.

If there were four circies left and it was your turn, how many would you
need to cross out to be sure to win?

Press 1 for one circle. Press 2 for two circles. Press N if you do
not think that you could be sure to win if there were four circles
left.

Thank you. It's been fun.
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The Circle Gaue
Station B
Grade 3 - gtation 1

Only responses to questions will be scored, but a tally and notes will be
kept on evidence of develuping strategies and incensistencies in sampling
behavior.

1) Is there a way you can play so that you ecan be sure of winning?

Score 2 pts. for Y (yes).
Score 1 pt. for N (no).
Score 0 for no response.

2) Does it make a difference in your chance of winning whether you start
or the computer starts? If You pressed Y, who would want to go first?
Score 3 pts. for Y followed by C (computer).

Score 2 pts. for Y followed by M (myself).
‘Score 1 pt. for N (nc).
Score 0 for no response.

3) If there were 3 circles left and it wag your turn, how many would you

need to cross out to be sure tc win?

Score 3 pts. for 2.

Score 2 pts. for 1.

Score 1 pt. for N (You can't be sure to win).
Score 0 for no response.

4) If there were four circles left and it was your turn, how many would
you need to cross out to be gure to win?

Scor¢ 3 pts. for N (You can't be sure to win).
Score 2 pts. for 2.

Score 1 pt. for 1.

Score 0 for no response.

Skills involved:

In this exercise students need to formul ate hypotheszs and develop a
strategy to solve a mathematical precblem.
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Comments on the Circle Game (Grade 3)

This is a computer-administered game of strategy requiring numerical
reasoning. In the game the computer displays 13 circles. The student and
computer take turns crossing out one or two circles until the player forced to
cross out the thirteenth one loses. After a practice game, the student plays
four games. In each game, the student chocses whether to go first or have the
computer begin. Finally the student is asked four questions which try to
probe the student's understanding of what is needed to win and whether the
student has developed a winning strategy.

Because there is a strateay by which a player can always win when the
other player starts, the computer has been programmed to use this strategy and
to win whenever the student elects to go first. When the computer is told to
start, it has been programmed to cross out cae or two circles randomly so
that, depending on the student's strategy, the computer may win or lose.

Unfortunately, almost half the data was lost when, for some unclear
reason, most of the student responses were not recorded on the disk while the
students were playing.

Based on review of the limited records on the disks, it seems that the
student understood how to play. Although there was t(ittle evidence that these
students recognized a winning strategy, about 20 percent played at least one
“perfect" game (i.e., the student used the same strategy when the computer
started as the computer was programaed to use when the student started).
According to the administrators, the students enjoyed the task, although they
reported that the 8 minutes allowed was too little time. The reports of
insufficient time were supported by the limited data obtained. A longer time,

probably 10 minutes, is suggested.
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The program also needs revision. Some suggestions for revisions are to
tell sfudents at the beginning that there will be questions to answer after
the game; to reverse the order of questions, asking the strategy questions
after the specific ones about who would win; and to provide a continuous
display of the goal of the game on the screen.

In sumrary, the task appears appropriate for third grade. However, NAEP
needs to revise the program, determine appropriate time requirements, and
develop a better understanding of the operational constraints of computer

administrations. This task requires further pilot testing.
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GRADES 7,11

STATION 1

You ARE GOING TO PLAY THE NUMBER GAME WITH THE COMPUTER. T[HE
COMPUTER WILL TELL YOU WHAT TO DO AND YOU WILL PUT ALL YOUR
ANSWERS INTO THE COMPUTER.
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Activity Identification: The Numbers Game

Grade(s): 7,11

Method of Administration: Self-Administered Station Activity/Computer

Content-Area: Mathematics-Numerical Reasoning

Apparatus required: Apple II Series Computer with 48k memory, diskette with
program, paper and pencil

Administration: Administrator should type in the student's code at the onset
of each administratios and reset the program at the end of each administration.

Servicing: None required

Pregb the RETURN oy 8

Q
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Self-Administered Station Activity- 7,11

You are about to play the Numbers Game. You will be playing against the
computer. You will play one practice game to get you acquainted with the
object and rules of the game. Then you will play a few games for real against
the computer.

The Numbers Game begins with the number 0. FEach player then gets a turn
to add 1 or 2 to that number. The object of the game is to force the other
player to reach or exceed unlucky 13,

(Practice game 1) Okay, let's try a practice game. Do you want to go first or
should the computer start? Press M for yourself. Press C for the computer.

(For the student's turn)
Add either 1 or 2 to this number by pressing 1 or 2 on the keyboard.

(For the computer's turn)
The computer adds (1 or 2).

Note: After the game has been completed the computer will display: Hooray,
you win! (if the student wins) or Sorry, maybe you'll win another time! (if
the computer wins).

Now you are ready to play the real game. Do you want to go first or
should the computer go first? Press M for yourself. Press C for the
computer.

Note: Program will proceed with the prompt asking the student to make a move
(if the student pressed M) or with the prompt telling the student which number
the computer wants to add (if the student pressed C) as in the practice game.

Probe questions to follow the game-7,11

If you start, can you play so that you always will win?
Press Y for yes. Press N for no.

If the computer starts, can you play so that you will always win?
Press Y for yes. Press N for no.

If the computer says 11, who will win?

Press M for yourself. Press C for computer.
Suppose the game is played so that each player can add 1, 2 or 3 at each
turn. What is the highest number below 12 you can reach and be sure of
winning?

Press this number on the keyboard.

Thank you. 1It's been fun.
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Comments on the Numbers G#.-- . ades 7 and 11)

This exercise is a computer-administerey rical reasoning game based
on the mathematical game NIM and similar tz . . -~cle Game for grade 3. At

grades 7 and 11, the game is explaired in words on the computer screen and
students play without the visual aid of the circies being crossed out. The
questions after the games are alsc different.

In administration, there were the same problems of unrecorded data with
this task as with the Circle Game. Only 42 cases survived at grade 7 and 61
cases at grade 1l. Among the students for whom there was data, only 30
percent of grade 11 students completed the task while 55 percent of the grade
7 students did. In grade 11, 5 students seemed to recognize the game, using
the same winning strategy throughout.

The advisory panel who reviewed the program and the data 1iked the task
and the inclusion of computer-administered exercises. However, as for all the
computer-administered exercises, revisions of the program are necessary and
new pilot testing of the revised program would be needed before any
operational use. Also, students should be given more time to complete the

exercise.
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GRADE 3

STATION 6

WHAT HAPPENS WHEN YOU PUT WATER ON THESE THINGS?

HERE'S WHAT You DO:

1) PLACE A DROP OF WATER ON EACH MATERIAL.

2) LOOK CAREFULLY. WHAT DO YOU SEE?
WRITE DOWN WHAT HAPPENS TO THF WATER ON EACH OF THE
MATERIALS.

A) PrasTtic

B) PAINTED wooD
C) Brick
D) MeTvaL

E) ROOF SHINGLE

F) GLass

3) Now USE YOUR MAGNIFYING GLASS AND LOOK AT EACH MATERIAL
VERY CLOSEL.

4) LooK AT THE MATERIAL IN THE PLASTIC BAG VERY CLOSFLY-
Do NOT OPEN THE BAG.

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT A DROP
OF WATER ON THE MATERIAL IN THE BAG.

EXPLAIN:

6) WRITF DOWN WHY YOU THINK THIS WILL HAPPEN.
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Activity Identification: Water on Brick

Grade(s): 3

Method of Administration: Self-Administered Station Activity

Content Area: Science-Physical science

Apparatus required: Eyedropper, small bottle filled with water; small
equal-sized pieces of plastic, painted wood, brick, metal, roof shingle, and
an unknown material (piece of porous cinder block) in a transparent, plastic
bag; magnifying glass, paper and pencil.

Administration: The Administrator should keep the level of the water in the
dropping bottle filled for each administration. Excess water - ould be wiped
off all the surfaces after each administration for each child. The brick and
roof tile should be repiaced after every other administration if possible.
A1l materials should be turned over after they have wiped off before each
administration.

Servicing: None required

295



Water on the Brick
Stanrion A
Grade 3 - gtation 6

Scoring of the Written Responses

2) Score 1 pt. for each accurate (or seemingly plausible) observation
starting with code pt. 2 of how the waters act on each of the
materials.

a) Plastic - runs off or remains
b) Wood - drop remains

c¢) Brick - drop soaks in

d) Metal - drop remains

e) Rocf shingle - drop soaks in
f) Glass - drop remains (spreads)

Score 1 pt. for a set of irrelevant responses (i.e. "yes", "no").
Score 0 if the student makes no response,

5) Score 2 pts. if the student provides a reasonable hypothesis about
how the water will act on the unknown material; i.e. It will soak in;
It will be absorbed. Score 1 pt. 1f the student provides an
erronecus hypothesis about how the water will act on the unknown
material. Score 0 if the student makes no response.

6) Score 2 pts. 1f the student is able to provide a plausi. : reason or
set of reasons why the water will act a certain way on the unknown
material: i.e. It will act like the brick because it looks like it's
made of the same material. Score 1 pt. 1f the student responds but
does not provide a plausible reason why the water will act a certain
way on the unknown material. Score 0 i1f the student makes no
response,

Skills finvolved

In this exercise the student needs to generalize inferences about a
"known" set of entitles to an "unknown.” The basis for this generalization
are the comparisons and contrasts made among the "known" stimuli.
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THIRD ARADE  ScorE PoInT 1

1) PLACE A DROP OF WATER ON EACH MATERIAL.
2) Look CAREFULLY. WHAT DO You SEE?

WRITE DOWN WHAT HAPPENS TO THE WATER ON EACH OF (HE
MATERIALS.

A) PuLast:c TT K/P\I‘S dCV/A’/%-\O/\
B) PAINTED wocD f UP""S dnl" or, /\
) Brick _-L+ C{G\/" !60}/)1010 (

. D) MetaL _ 1T C{'ZO‘JL Bf /ﬂb"f"(’/’;

' E) ROOF SHINGLE T‘/i‘ OLO""‘Q Cj/f Q'/’)fi’“
F) GLass MQ(J C/L[A BPﬂf /\/ 5faPIT

THIRD GRADE 'Score POINT 5

1) PLACE A DROP OF WATER ON EACH MATERIAL.

2) LooK CAREFULLY. WHAT Do You SEE?
WRITE DOWN WHAT HAPPENS TO THE WATER ON EACH OF THE

MATERIALS-
- A) PLAsTIC QU‘}}L/W J
| B) PAINTED wooD /]U‘fl%ﬂﬁ S

) Brick Sﬁpq /. "/
;) METAL UL Q@LQ 'j\h/ mfl‘/}/ \I/£7L J/®

E) RoOF SHING SOkC M
F) GLASS 44(1’70//‘5 - -

THIRD GrapE  Score PoInT 7

1) PLACE A DROP OF WATER ON EACH MAT"
2) LoOK CAREFULLY. WHAT DO You SEE?

WRITE DOWN WHAT HAPPENS TO THE WATER
IN EAC
MATERIALS. i OF THE

A)  PrasTic hm%na /;alhgbefr)‘:, /
B) PAINTED woob ﬂQZ ¥ <

C) Brick ,L'}’ (ldf._’S SO \/Oll canlt sc= IILL/
D) MeraL que/ dfoﬁ ¢6("ﬂ Wig 4 Q ‘“’C/F//
E) RooF SHINGLE L}‘ -(Qo)és. ) YOL{ CQp f5¢¢|
F) GLass Lo 9{'&\/5 lhe 5@147& \/
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THIRD FRADE  SCORE PorNT 2 Pack I

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT A DROP

OF WATER ON THE MATERIAL IN THE BAG-. @
AN AL I Jrhrau/\

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF You PyT A DRO
OF WATE54?N THE MATERIAL ,IN THE BAG.

T _thwk | Lould dxsalpca w,:

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN (F YOU PUT A DROP ('j;
OF WATER ON THE MATERIAL IN THE BAG-

r + Wo 14 _y(('hx‘(:"f}
Yo = A

™o
Yo
Qo
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Vosk S

THIRD fARADE  Score PoINT 1

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT A DROP
OF WATER ON THE MATERIAL IN THE BAG.

l‘t wo ! g c_/’ I} ! . 9'"0 '

5) WRITE Down WHAT YOU THINK WOULD HAPPEN IF You PUT A DROP
OF WATER ON THE MATERIAL IN THE BAG.

|

[ ?L f?’63'f<? J)/j?:? 1l A (/??>

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT
OF_WATER ON THE MATERIAL IN THE BAG.

—~ w) [l _ger cle

)
w
Lo



THIRD ARADE  SCORE POINT 2 CocX ¢

XPLAIN
6) WRITE DOWN WHY You THINK THIS WILL HAPPEN. \\X ‘
b €Can n¢ » AL a0 v T S
\aoled {1 <een n
I
ov ' S/ G A '*' O -f: ch ¥
Ob\j\@<‘\'i
EXPLAIN:

6) WRITE DOWN WHY YOU THINK THIS WILL HAPPEN.
Beouse T sqaeked Hhroul ’H’Hf Q
_Beick and Reof shingleand |
s vna ofa @{ Hﬁﬁ Shme <W

e

XPLA

6) WRITE DOWN WHY YOU THINK THIS WILL HAPPEN.

becavse._ :—}— /5 Me SOME Ma &(‘m\ @ ‘
Qﬁ—#Ae brmf'

LELY




?Q,J(C\“(
THIRD ARADE  Score PoInT 1

| -
6) WRITE DOWN WHY YOU THINK THIS WILL HAPPEN. @
Wat+ ey clegns Fht

XPLAIN:

6) WRITE DOWN WHY YOU THINK THIS WILL HAPPEN. "
1 is hot <o it e 194 cxbe/l/o:fe

EL&A_M:

6) WRITE DowN wHY YOU THINK THIS WILL HAPPEN.

l %&:DK 1[‘14 > WDI}U A@ .
\,L)ZCQL‘LS/L- 72174 Z’LQ/C) [S “
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Comments on Water on Brick (Grade 3)

Part 2 of this exercise, which caT]s for careful observation and
reporting of what happens to a drop of water on different materials, appears
to be appropriate for grade 3 students. The 33 percent who reported
accurately on all six substances may be an underestimate because some of the
roof tiles (shingles) provided to the project in the sets of materials had not
been thoroughly cleaned which may have affected what happened to the water
when it was dropped on the tile.

Unfortunately, the unknown material in the bag was most like the roof
tile. Because we do not know how many children had the pocor roof tile
specimens or how many dropped water on them in the area where it would not
soak in, there is no way to tell to what extent the 31 percent who answered
part 5 correctly also is an underestimate. In spite of this, the data
indicates that the percent of students who observed and formed an accurate
hypothesis about what would happen with the material in the bag was greater
than the 18 percent who gave a plausible reason for what would happen.

In spite of the roof tile problem, the project staff and the advisory
panel concluded that this task could be used in a future assessment without
any change, except to ensure the usage of new roof tiles. Also, because this
cask was based on one used in the APU science assessment at age 13, it was

decided that this task also could be used for grade 7 without pilot testing.
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GRADES 7,11

STATION 6

How CAN YOU BALANCE THE BALANCE BEAM?

Pivot point Balance beom
O+ 2 3 442 6

Ly ) 1 ! Lot ! L
O Y 9V 9O 9 v

Balonce pan

L J

ERE’S WHAT YOU DO:

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WHICH HOOCK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST You
HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

2) Now REMOVE THE WASHER FROM /HE BALKNCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. IF T:-E MASS OF EACH WASHER
IS 10 GRAMS, WHAT IS THE MASS OF THE PLASTIC CYLINDER?

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DID
YOU HANG THEM?

ERIC . 303




Activity Identification: Balance Scale

Grade(s): 7, 11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Physics

Apparatus required: A balance scale set up and balanced with equally spaced
holes for hooks as shown in the diagram below, five 10 gram metal washers, one
30 gram plastic canister; paper and pencil.

Administration: Weights should be placed next to the balance scale hefore the
onset of each administration.

Servicing: None required




Balance Scale

Station B

Grade 7 - station 6
11 - station 6

Scoring of the Written Responses

1) Score 2 pts. 1f the student provides the correct answer 3. Score 1
pt. 1f the student makes ar incorrect response. Score O if the student makes
no response or indicates that she or he doesn't know the answer.

(grade 7)

2) Score 2 pts. 1f the student states that the mass of the plastic
cylinder is 30g. Score 1 pt. if the student makes an incorrect response.
Score O if the student makes no responsz.

(grade 11)

2) Score 2 pts. if the student states that the mass of the plastic
cylinder = 3 washers. Score 1 pt. if the student makes an incorrect response.
Score 0 if the student makes no response. ’

3) Score 2 pts. if the student provides a response that would balance the
scale. Acceptable responses include the following: 3 on peg 3; 1 on peg 1, 1
on peg 2, 2 on peg 3; 1 each on pegs 1,3, and 5; 1 each on pegs 2, 3, 43 1 on
peg 3, 1 on peg 6; 1 on peg 4, 1 on peg 5; 1 on peg 1, ! on peg 2, 1 on peg 6.

Score 1 pt. 1f the student provides an irrelevant or incorrect
response. Score O if the student makes no response or indicates that she or
he doesn't know the answer.

Note to scorers: Any instances where the student has balanced the scale
correctly in 3) but misinterpreted the implications in 2 should be recorded.
Students' responses to 3 also should be recorded.

Skills 1involved

In this exercise students need to determine the relationship between two
variables. This determination needs to be made by simultaneous menipulation
of variables and also by holding one of the variables constant.
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CeventH GRADE  Score POINT &

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WHICH HOCK, -
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST You .

HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WHICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST YOU

HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL? (i—\\
The third haok’ )

1) PLACE ONE WASHER ON THE BALANCE PAN- ON WHICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVOY POINT, MUST You
HANG OME WASHER TO MAKE THE BALANCE BEAM LEVEL? -

o Frem W @
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) FLEVENTH GRADE  SCORE POINT 2

1) PLACE ONE WASHER ON THE BALANCE PAN.

COUNTING TO THE RIGHT FROM THE pIvOT POINT, MUST You
HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

£33 &)

ON WHICH HooK,

1) PLACE ONE WASHER ON THE BALANCE PAN- 0N WHICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUgT YO
HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL? :;;// '

Qbr@

1) PLACE oNE WASHER ON THE BALANCE PAN-. ON WHICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST You
b HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

e 3‘31 ht?C*ﬁ i:L//
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SEVENTH APADE  Score POINT 1

1) PLACE ONE WASHER ON THE BALANCE PAN. (N WHICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST You
HANG ONE WASHER TO MAKE THE BALANCE BEAM LECVEL?

O . \ !

1) PrLace one WASHER ON THE BALANCE PAN. 0N WHICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST You
HANG ONEOWASHER TO MAKE THE BALANCE BEAM LEVEL? \

uk AKX usbk onogd de ak

1) PLACE ONE WASHER ON THE BALANCE PAN. 0N WHICH HooK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST You
HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

| Mg W ng D)
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ELevENTH GRADE  Score Point 1

1) PLACE ONE WASHER ON THE BALANCE PAN. 0N WHICH HOOK,
\ COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST YouU
| HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

1) ESG§$ISSET3A$:ER ON THE BALANCE PAN.
E RIGHT FROM THE PIVOT POINT, M
UST Y
HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL? ‘-
\ '
s

ON WHICH HOOK,

Tle Y* fook
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2)

2)

2)

g?c;ﬁif_
QEVENTH ARADE  ScoRF POINT 2

Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE

PLASTIC CYLINDER ON THE PAN- IF THE MASS OF EACH WASHER
Is 10 GRAMS, WHAT IS THE MASS OF THE PLASTIC CYLINDER? (::EE

3O Gt

NOow REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. IF THE MAsSS OF EACH WASHER
1S 10 GRAMS, WHAT IS THE MASS CF THE PLASTIC CYLINDER?@

Tre gastie culinder (s 30 atams

UT THE
Now REMOVE THE WASHER FROM THE BALANCE PAN AND P
PLASTIC CYLINDER ON THE PAN. IF THE MASS OF EACH WASHER

1S 10 GRAMS, WHAT IS THE MASS OF THE PLASTIC CYLINDEiE:i§§§5
. }
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ELEVENTH 5RADE  Score PoINT 2

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOUR
UNIT OF MAssé THE MASS OF THE PLASTIC CYLINDER IS HOW
MANY WASHERS?

5 wosh ecs @ |

S

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. USING THE WASHER As YouRr
UNIT OF MASS, THE MASS OF THE PLASTIC CYLINDER IS HOW
MANY wASHERs?

7 /3 '\? Lvlac.APrS/{éad,V- )

Jpa——

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOUR
UNIT OF MASS, THE MASS OF THE PLASTIC cYLINDER IS HOw

MANY WASHERS? <:Ei§§;)

2 wasShers
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CeVENTH RADE  Score PoInt 1

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. [F THE MASS OF EACH WASH
IS 10 GRAMS, WHAT IS THE MASS OF THE PLASTIC CYLINDER?(iE;:>

20 QO™

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. IF THE MASS OF EACH WASHER

1s 10 GRAMS, WHAT IS THE MASS OF THE PLASTIC CYLINDERT
0o Sam5 \
-~

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN- IF THE MASS OF EACH WASHE
is 10 GRAMS, WHAT IS THE MASS OF THE PLASTIC CYLINDER?

L{D MY et W
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FLEVENTH GRADE  Score PoInT 1

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. USING THzZ WASHER AS YOUR /\

UNIT OF MASS, THE MASS OF THE PLASTIC CYLINDFR 1S HOwW ,
MANY WASHERS? _/

Z _Washers

s

~————

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOUR
UNIT OF MASS, THE MASS OF THE PLASTIC CYLINDER IS How

MANY WASHERS? 5 \{% | (\3

—

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOUR
UNIT OF MASS, THE MASS OF THE PLASTIC CYLINDER [§ HOW t
MANY WASHERS? 345 woshers —

Lot eath washer Gnore k= 1, tren e, Cylinder = \0 g - 3ce diagn
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SEVENTH ARADE  Score PoINT 2 ?@Fx

* N ~/
3) How MmANY WASHERS DID YOU USE AND ON WHICH Hook(s) piIp

YOU HANG THEM?
Three w\sﬂpr< on Hre A Noed @ ‘

3) How MANY WASHERS DID

v
YOU USE AND ON wHICH Hook(s) DID
YOU HANG THEM? gz)

Q WNosShkery L‘;_"_f }'\DOIC

DID YOU USE AND ON WHICH Hook(s) DID

X2

3) How Many WASHERS
YOU HANG THEM?

PN

)

onthe ™ ‘%‘, b -z

e

o
k2
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3)

3)

3)

LosX 2

ELEVENTH SRADE ScORE POINT 2

How MANY WASHERS Dip
; YOU USE AND O
YOU HANG THEM? N WRIC

H Hook(s) pip
|l oeed D washers omd Meg all g ;

ono hae Brd hool7

How MANY WASHERS DID YOU UUSE AND ON WHICH Hook(s) DID

YOU HANG THEM? @
X~ oW on®3B amd | on FLHLC

o 3 — 24 own =3

HOw MANY WASHERS DID YOU USE AND ON WHICH Hook(s) DID
YOU HANG THEM?

A Wedners - WpoKs B4-C

it also works with ¢ washes
o Wsples L4 2
*L5V“
N T3 a e
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3)

3)

3)

PosX:

SevenTH APADE Score PoInT 1

How MANY WASHERS DID YOU USE AND ON WHICH Hook(s) DID -

YOU HANG _ THEM? (iii:>
Ao Qw %@»\AA U

How MANY WASHERS DID YOU USE AND ON wHICH Hook(s) pID

YOU HANG THEM?
=S @)

HOW MANY WASHERS DID YOU USE AND ON WHICH Hook(s) piID

YOU HANG THEM? :
hoolke, R and 2 N [o&Shfr‘s@
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FLEVENTH GRADE  Score PoInT 1 CosX

3) How MANY WASHERS DID YOU USE AND ON WHICH Hook(s) piIp
YOU HANG THEM? <::;::>

5"\%3) (o

3) How MANY WASHERS DID YOU USE AND ON wHICH Hook(s) pID

YOU HANG THEM? |
T ued Buwashers, Placing +Hiem on e \ﬁ, 34, anct (
nooks

' 3) How MANY WASHERS DID YOU USE AND ON WHICH HOOk(S) DID j)

YOU HANG THEM? (T”'
T wead 3 piashes ontlo Y4 o k. !




Comments on Balance Scale {Grades 7 and 11)

In this exercise, the balancing required to answer the questions can be
done by trial and error. However, the solution to Part 2 requires some
interpretation of what the balancing results imply abaut the mass of the
plastic canister. Part 3 was included to gather information about the various
ways in which the students obtained the balance and to find out how many were
able to balance the srale but misinterpreted the result when determining the
mass of the canister.

One problem with this exercise is that there is no way of knowing whether
the students who used hooks 2, 3, and 4 or any other combination of 3 washers
that worked, such as 1, 3, and 5 or 1, 2, and 6, understood how to interpret
this or simply answered 30 grams because they used three 10-gram washers.
Those students who used only two washers for balancing clearly knew what they
were doing if they gave the correct mass, but the 2-washer solutions were more
prone to misinterpretation. If this task is to be used in the future,
students should be asked to explain how the configuration of washers they used
led to the mass they reported.

In conclusion, this exercise should not be used in a future assessment as
it was pilot tested even though the panel did like the idea. If the idea is
to be used as the basis for an exercise, the design of the balance scale must
be improved to make it less fragile. Also, the exercise must be revised to
avoid the present possibility of arriving at a correct result with erroneous

thinking. Any revised exercise would need some new pilot testing.



GRADES 3,7, 11

STATION 5

How MANY BLOCKS ARE IN THE STAIRCASE?

HERE'S WHAT YOu DO:

1) Look AT THE “STAIRCASE” OF BLOCKS-

2) THE STAIRCASE IS 4 BLOCKS HIGH. How MANY BLOCKS ARE IN
THE STAIRCASE?

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOUu FIGURE OUT YOUR ANSWER?

5) WHAT 1S THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?
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Activity Identification: Double Staircase

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activity

Content Area: Mathematics-Algebra

Apparatus required: "Double staircase" of wooden blocks that is 4 blocks
high, and glued to a wooden base; 24 loose wooden blocks that are identical to
those used in the staircase; graph paper and pencil.

Administration: Loose blocks should be placed alongside the staircase after
every administration.

Servicing: Pctential re-gluing of blocks onto staircase if they should becoire
loosened- or dislodged from the base.
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Double Staircase

Station A

Grade 3 - station S5
7 - station S
11 - station 5

Scoring of the Written Responses

2) Score 3 pts. if the student accurately determines the number of
blocks in the staircase to be 16. Score 2 pts. if the student makes
an incorrect answer of 13. Score 1 pt. if the student makes any
other incorrect response. Score 0 if the student makes no response.

3-4) Score 3 pts. for each question if the student provides the correct
answer and shows work which is consistent with these answers. For
question 3 this answer is 36 and for question 4 this answer is 100.
Accurate written responses may substitute for the ghow of work.
Score 2 pts. for each question if the student provides the correct
answer or appropriate work but not both. Score 1 pt. each for

"questions 3 and 4 if the student provides an incorrect response.
Score 0 if the student makes no response.

S) Score 2 pts. if the student accurately determines the relationship

} between the height of the staircase and number of blocks needed to
build it. This relationship may be expressed in a written statement
or algebraically (note should be made of how the relationship is
specified). Scoreable responses would,include the following: _n“ or
n x n for a staircase n blocks high; h“or h x h; n= h x h; n=h"; The
nuaber of blocks needed to build a staircase is the square of the
height of the staircase or is the height of the staircase times
itself. Any other equivalent algebraic expressions algebraically or
equivalent gtatements also may be accepted as scoreable responses.
Score 1 pt. if the student provides a response but is unable to
specify the relationship. Score 0 if the student provides no
response.

Skills involved

In this exercise the student needs to determine the nature of a
nathematical relationship. This relationship can be deduced by making
generalizations based on the student's findings.
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1)
2)

1)
2)

1
2)

?%i
)

THIRD SRADE  ScoRE PoInT 1

LOOK AT THE “STAIRCASE” OF BLOCKS-
THE STAIRCASE 1s 4 CKS HIGH. How MANY BLOCKS ARE IN
THE STAIRCASE? |7 '
THIRD GRADE  ScORE POINT 2
Loox AT THE “STAIRCASE” OF BLOCKS-

THE STAIRCASE IS 4 BLockS HIGH- How MANY BLOCKS 6RE TN
THE STAIRCASE? [D @

THiRD GRADE  SCORE POINT 3

LooK AT THE “STAIRCASE” oF BLOCKS.-

THE STAIRCASE 1s 4 BLOCKS HIGH- How MANY BLOCKS ARE I '25
THE STAIRCASE? ’6



2)

. 2)

2)

SEVENTH RADE  Score PoInT 1 YosX N

THE STAIRCASE Is U BLOSKS HIGH. How MANY BLOCKS ARE IN
THE STAIRCASE? ;x\ \ ;

SEVENTH FRADE  Score PoInT 2

THE STAIRCASE 1Is KS HIGH- How MANY BLOCKS ARE IN
THE STAIRCASE? [3

]

SEVENTH FRADE  ScoRe PoInT 3

THE STAIRCASE 1s 4 HIGH. H
. OW MANY BLOC
THE STAIRCASE? i@ Z’fSTf) ©S ARE IN
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2) Tue
THE

2) The
THE

2) THE
THE

FLEVENTH GRADE  Score PoInT 1

STAIRCASE IS 4 BLOCKS_HIGH. How MANY BLOCKS ARE 1IN
STAIRCASE? ’(? c .

ELEVENTH 5RADE  SCORE PoINT 2

STAIRCASE IS 4 BLOCKS HIGH. How maN
STATRCASE \3 t{}g ! Y BLOCKS ARE IN

FLEvENTH FRADE  ScoRE POINT 3

STAIRCASE IS 4 BLOCKS HIGH. MANY BLOCKS ARE IN’
STAIRCASE? (& Dlocfher ( 3
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Yo 2

THIRD GRADE  SCORE POINT 3

3) How MANY BLOCKS WOULD BE IN A STAIRCASE b BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

T oadded HLlacks and caupted. gé @ ,

3) How MANY BLOCKS WOULD BE .IN A STAIRCASE b BLocCkS HleH"}é
How vID You FIGURE OUT YOUR ANSWER?

éu M,C\L/nc/ Lo /)/OCAé.gf
lé a///;/o/{/ C/voto/(///om\ma/

{

3) How MANY BLOCKS WOULD BE IN A STAIRCASE b BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

S0 L. ot thom. (=)
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3)

3)

3)

Porl 2,

SEVENTH RADE Score PoInt 3

How MANY BLOCKS WOULD BE IN A STAIRCASE b BLOCKS HIGH?
HOW DID YOU FIGURE OUT YOUR ANSWER? @
L ] - €
306 ) h‘}fd‘\' sh1zed WV ues \\1 5 Yhen
LV\‘\ \t 4 (2] ;‘wod e,

How MANY BLOCKS WOULD BE IN A STAMREASE 6 BLOCKS HIGH?
How DID YOU FIGURE 0uT Your ANSWER? :

5& tzla[ KS p id c;?ur-ttl I.f' Q\lt bi‘ ad¢ @
Moce. hipekKs J-ni—meﬂng__b_@L_znmy
P o e re.

How MANY BLOCKS wOULD BE IM A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER? -
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ELeventH FRaDE Score PoInT 3

3) How MANY BLOCKS WOULD BE.IN A STAIRCASE 6 BLOCKS HIGH?

How DID YOU FIGURE OUT YGOUR ANSWER?
3( - 2Z W: é (_j:)

3) How MANY BLOCKS WOULD BE IN A STAIRCASE b BLOCKS HIGH?
e How DID YOU FIGURE OUT YOUR ANSWER? | @

S Ohe s(0¢e o€z,t/rCaAQ ESE/
éfa.fc{y/umc L}/(g’;’ Heofs on eace ASide

3) How MANY BLOCKS WOULD BE IN A STAIiRCASE b BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

26 I it bhald 2 <taifcast é-)

_and tolkiglied by 2.
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3)

3)

\ec346x~ 2

THIRD GRADE  SCORE POINT 2

How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID Yo(:%éFURE OUT YOUR ANSWER

rolde o0 ()

a N 7//'( (1T ed

How MANY BLOCKS WOULD BE IN A STAIRCASE B BLOCKS HIGH?T

How DID YOU FIGURE OUT YGUR ANSWER?

31 (>

e
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SEVENTH ARADE SCORE POINT 2

o
3) Eow MANY BLOCKS WOULD BE IN A STAIRCASE S BLOCKS HIGH?
FOW DID YOU FIGURE OUT YOUR ~NSWER?

3@3}%' @ '

S
3) How MANY BLOCKS wouLD BE IN A STAIRCASE b6 BLOCKS HIGH?
How DID vou FIGURE ouT YOUR "ANSWER? ’

2o | @)

3) How MANY BLOCKS WOULD BE IN A STAIRCASE & BLOCKS HIGH?

How DID You FIGURE O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>