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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 ',4eport 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 national concern, the Assessment Policy Committee, which

governs NAEP and includes teachers, school superintendents, state legislators,

school board members, and representatives from 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 c' -administered

paper-pencil technology were limiting. Particularly in sc NAEP staff

and consultants continually raised ideas based on the prnceck. led in the

first two science assessments, when NAEP had had the resourc )nduct

assessments of individual students in interview situations usin )aratus.

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 focused 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 eleven 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. NPF_P greatly

appreciates their invaluable cooperation.
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The combined work of the NAEP panels and staff and the excellent work and

guidance of the APU science team eventually resulted 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 te

relationship between weight and distance from the fulcrum; and a block

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' 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.

At the most complex level, students were asked to design and conduct

experiments examining a question posed by an administrator. 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

6
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different materials would weigh the most if their volumes were equal; and

using pegboards of different lengths and widths to determine how length 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 1,1 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 cf materials and to answer questions based on them. These

activities were divided into two sets of six tasks 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 apparatus to investigate

relationships and asked them to record their findings using paper and pencil.
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Full investigatiui -:,. were administered to individual students. The

administrator posed the question, 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 school districts agred 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 scoring guidellnes, 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 approach such problem-solving tasks, about how
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they think about scientific and mathematical relationships, about student

profiles across tasks, and about diffcirences in performances among various

subpopulations of students. Further, p2rformance 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 to the conclusion that

conducting "hands-on" assessment is feasible and extremely worthwhile.

Ry 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 medsured

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 morc than supportive in

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

assessment.
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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) improved 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 approaches students

used and how these 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.

* * * * * * * * * * * * * * * * * *
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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 National Science Foundation (NSF) through the Department of Education's

Office of Educational Research and Improvement (0ERI), Center for Educational

Statistics.*

* * * * * * * * * * * * * * * * * *

Part I 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 Department of Education, this project
was under the National Institute of Education (NIE).
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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

literature 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 Meetina

In July, 1985, an eleven member panel of representatiJes 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

-10-

Naval Post Graduate School, Monterey, CA

American Association for the Advancement of

Science, Washington, DC

Illinois State University, Normal, IL

Jefferson County Schools, Lakewood, CO

University of Georgia, Athens, GA

University of California, Santa Barbara, CA

Mercer island 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 Gerald Kulm, the program officer at

GERI; 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.

ileta 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



James Minstrell presented a detailed outline of rational, creative and

critical thinking skills that had been developed as part of the Washington

State Guidelines for Science Education. Randall Charles 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, desigfi 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 science and

mathematics. Operating within each of the aspects are the thinking processes
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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 fPature 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 to the ability to recognize when adequate

information has been obtained when reaching a decision was the initial goal.

Assessing is an overall 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 some or all steps of

the problem or investigation, or a review of the process or calculations.

Lcoking back may include assessing the reasonableness of the results and

determin!ng 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,

identification of a pattern or the prediction 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 beel split into two major divisions - analytic and intuitive. Included

under the analytic category may be inductive and deductive reasoning,

hypothesis formation, 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?
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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

I. Second Panel Meetin9

A seven person panel met to develop prototype tasks and to consider

potential assessment strategies, methods 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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o In developing assessment exercises in mathematics and science

contexts, it is necessary to take into consideration external

influences which may create gender effects, influence motivation, or

affect students' willingness to complete a given task. For example,

APU 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.

o 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 1-.1.w 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 le:irned algorithm available to solve the problem.)
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o 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 Audents'

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 tas 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.

All those participating in this development 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.

23



-21-

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 voject 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 1n developing and assessing

performance tasks similar to 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 a 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

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
observations

4 Interpretation
and

application

5 Planning of
investigations

6 Performance of
investigations

I interpreting presented information

- II applying: biology concepts
physics concepts
chemistry concepts

- planning parts of investigations
- planning entire investigations

- performing entire investigations

practical
tests

written
tests

written
tests

individual-
practical
tests

*Science in Schools, Ages 13 and 15: Report No. 3, Assessment of
Performance Unit, Department of Education and Science, 0. Crown
copyright 1985.

25



-23-

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 tasks 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 support

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, The 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 I to 6

(Table I). 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 understanding of scientific knowledge

is done in Category 4ii of the Assessment Framework (Table I). In 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 rAEP would try to replicate any Category 6--Performance of Investigations

materials as faithfully as possible within 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 time, staff began intensive review of the

panel's suggestions for 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 he administered in a group

setting; short, self-administerea "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 individual students.

Although the panel had been especially interested in the full investigations,

the staff recognized that the project could not afford testing more than 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 panel were

fleshed out 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 ,,wo 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 like 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

whirlybird 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 to 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. All the pilot-tested tasks appear in Part II 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

level 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); Su_gar Cubes, Pegboards, and Survival (full

investigation exercises). (The apparatus for Sugar Cubes as a station

exercise for grade 7 is the same as for the full investigation for grade 3.)

Pictures of the apparatus are included in Part II of this report.
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Table 2,

NAEP Pilot Study Thinking/Inferencing Skills by Administration Type

Thinking/Inferencing

Skills

Sorting, Classifying

(distinguishing

patterns within a

single class of items)

Observing, Inferencing,

and Formulating

Hypotheses based

on mathematical and

scientific principles

(inferring relationships

between an independent

and dependent variable)

Interpreting data

(inferring patterns

in results)

Designing and Conducting

an experiment

32

Administration Types

Group

Whirlybird (3,7)

Number Relationships (7,11)

Restaurant (7,11)

Hair Color (3)

Triathlon (3,7,11)

Station

Birds (classify) (3)

Birds (sort) (3)

Seeds (classify) (3,7,11)

Vertebrae (sort) (11)

Seek (sort) (7)

Sand and Tubes (3,7,11)

Rolling 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)

Gumball Game (3,7,11)

Bubbles (3,7,11)

Magnet and Compass (11)

Heart Rate and Exercise (11) Sugar Cubes (7)

(designing only) Magnets (3)

Individual

Sugar Cubes (3)

Pegboards (3,7,11)

Survival (7,11)

Density (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 filled with gravel. For Double Staircase,

stock lumber 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 between 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 cf small,

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

colored photographs of four species of waterfowl were acquired and mounted 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. All 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 apparatu-, 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

All 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 example, 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
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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

erroneously stated, partially stated, or completely and accurately stated.

All 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 rccommendations 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,

:he final revisions helped the guides better represent those responses

students gave during the field test.

7. OMB Clearance

As a federally funded agency responsible to OERI, NAEP is responsible for

submitting all field test 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 methodology and analyses to be conducted.
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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

scheduled in Washington between the OERI project monitor and a member of the

NAEP staff working on the project to discuss the suggested changes 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 2ach 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 14-minute set of

either mathematics or science exercises from NAEP's 1986 national

assessment, and 15 minutes of newly developed 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.

o 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. All 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. (lhe APU administration

allowed the same average time for each investigation 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.

All 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 II

I. Whirlybird* I. Whirlybird* I. Triathlon
2. Hair Color 2. Triathlon 2. Number Relationships3. Triathlon 3. Number Relationships 3. Restaurant

4. Restaurant 4. Heart Rate and
Exercise

*Demonstrated by an administrator

A Stations

Station Grade 3

Station Activities

Grade 7 Grade II

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 Bubbles
5 Double Staircase Double Staircase Double Staircase6 Water on Brick Sugar Cubes Magnet and Compass

B Stations

Station Grade 3 Grade 7 Grade II

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 Balance Scale

*Administered on Apple II series computers.

Grade 3

Pegboards (30 minutes)
Sugar Cubes (25 minutes)

Full Investiations

Grades 7 and 11

Pegboards (30 minutes)
Density (25 minutes)
Survival (55 minutes)
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2. Obtainin_g the Sample

The first phase of pilot testing involved s6ecting 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, ana 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

t:.1 ensure that each of the selected districts had access to Apple II or Apple

II compatible computers which were necessAr'v for some of the station

activities.

The initial contact within a district was made with the school

superintendent by telephone. Staff gave the superintendent a brief overview

of the project, discussed the goals of the pilot test, and explained the

various requisites for participation. All interested superintendents were

sent more detailed information about the project and the pilot te'qing. 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 class size be about 24-30 students and that the classes be drawn from

the general school population (i.e., not an honors class or special education

class).
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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 testinc. 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. All 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. All schools were told that testing would last up

to a day Lind 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

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 tradition 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
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reasonable 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, or 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

MEP 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 WdS 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 (Sugar

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

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

Staff developed an administration manual 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

All 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. All 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 responsible 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 three 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.

All 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.

All 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 logistical 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 discussing 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 (sortl. (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 proviLs! 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
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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

schools, 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

I. Scor:in.g_and_DaILErjitrt

A. Scoring

NAEP and ETS staff members 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 responr. was scored in the same

way. Because the score ranges were different .Arross exercises and

exercise parts and because NAEP was most interested in the cognitive

skills demonstrated by the particular exercise lrts, total scores were

not provided for multi-part exercises. Reliability was monitored by

having project staff periodically review score( ,Loklets.

All scoring was completed in qproxi 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

conti.nuing until several weeks after data collection 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) HOSMA7 Grade 7 mathematics and group data;

4) HOSMA11 Grade 11 mathematics and group data;

5) HOSSCI3 Grade 3 science and group data;

6) HOSSCI7 Grade 7 science and group data;

7) HOSSCI11 Grade 11 science and group data;

3) 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 investigation;

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 dr!ven concept that effectively isolated data in each of the files

described above whife aflowing 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 not 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
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items each stud4mt 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:

o Oid students appear to understand the questions and equipment?

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

levels sampled?

o Were students motivated by the tasks?

o Could we detect any evidence of systematic bias?

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

tasks were designed to measure?

o Would 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,
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and 304 eleventh-grade students. All 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 anticipated 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 developee 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 BO students across the

grade levels.

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 high-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. Tha

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 score 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 whc

participated in the two previous panel meetings were joined by

Andrew Myaajlowycz 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.

All 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 results. The panelists also discussed

the overall potential 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 atmut the

right difficulty level. At each grade level, essentially every stuckInt

attempted each task they were given. Also, students appeared to be fairly

successful on the sorting and classifying tasks and able to understand 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 .L.tivities and observing the results,

students clic.; 1-,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 noticed, the responses tended to be descriptive step by

step records rather than generalizations of the relationships they had

observed. A rational assessment would need to incorporate a variety of these

types of questons to insure interpretable results. Still, students responded

to these tasks and improved performance 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.

o 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 ercises for age 13.)

II. Additional Recommendations and Suggestions

o The scoring guides should be revised to reflect filer gradations of

behavior. This would provide better information about students'

different approaches to problem solving tasks.
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o 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 obtain results by race/ethHicity.

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

panels, the school cooperation, and thc. face validity of "hands-on" tasks for

assessing higher-order thinking in science and mathematics indicate that a

national assessment of higher-order skills would 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 equipment 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 Jiat would not require new

2ilot 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 r t recommended.

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

Group: Whirlybird-Grade 3 and 7, Ha:- Color-Grade 3, Triathlon-Grades

3, 7, and 11, Number Relationships-Gcade 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, Vertebrae(sort)-Graae 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

Although 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 panel 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: All the computer-administered tasks - i.e. Gumball

Game-Grades 3, 7, and 11, Circle Game-Grade 3, Numbers Game-Grades 7

and II; Sand and Tubes-Grades 3, 7, and 11 and Rolling Funnels-Grades

3, 7 and II 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 usct of the computer and the requirements to operate specific

programs.
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For the individual investigations, administratcrs need more intensive

training 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 thPt 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
No apparatus needed

Triathlon
No 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

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

The Circle Game

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

The Numbers Game
Apple ri 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 should 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
One 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.

nLE4LITIL9ILL
wo dis magnets labelled 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
Eyedroper, 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.

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, E=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, JI=Lymbar rcit, 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=millet 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, 5=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 labelled X containing two bar magnets fixed firmly in
position, a 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

Six small glass beakers, 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.

III. FULL INVESTIGATION EXERCISES

Sugar Cubes

Six small glass beakers, sugar cubes in packet; six packages of
granulated sugar each containing the same mass of sugar as in one cube;
hot water in thermos (50°C-50%); 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.

Densit,y

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, one 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'C
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 (to adjust balance beam)
Timer
2 pads (extra 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 quescions that follow, fill in the oval next to the answer you
choose.

1. Are you male or female?

CD Male

CD Female

2. Which best describes you?

C) Wh i t e

O Black

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

CD Asian or Pacific Islander

CD American Indian or Alaskan Native

CD Other (what?)

3. If you are Hispanic, what is your Hispanic background?

CD I am not Hispanic.

0 Mexican, Mexican American, or Chicano

CD Puerto Rican

0 Cuban

CD Other Spanish or Hispanic background

64
Please continue on next page. No.
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4. How often do you usually have a science class in school?

CD Every day

0 Several times a week

cp About once a week

CD Less than once a week

CD Hardly ever or never

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

Have learned Have not learned

How to add CD CD

How to subtract CD CD

How to multiply CD CD

How to divide CD CD

What fractions are CD CD

How to tell time CD CD

6. Row often do you usually have a mathematics class in school?

CD Every day

CD Several times a week

CD About once a week

CD Less than once a week

CD Hardly ever or never

65
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GRADE 7

GROUP EXERCISES

7S

SECTION 1

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

1. Are you male or female?

CD Male

CD Female

2. Which best describes you?

CD White

cp Black

0 Hispanic (Mexican, Mexican AmericLa, Chicano, Puerto Rican, Cuban, or
other Spanish or Hispanic background)

CD Asian or Pacific Islander

CD American Indian or Alaskan Native

CD Other (what?)

3. If you are Hispanic, what is your Hispanic background?

CD I am not Hispanic.

CD Mexican, Mexican American, or Chicano

cp Puerto Rican

CD Cuban

CD Other Spanish or Hispanic background

6 6
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4. Wbat is the ma5n thing you are studying in science this year?

CD I am not studying science this year.

CD Life sc-ince (plants end animals)

CD Physical science (matter and energy)

CD Earth science (weather, rocks, stars)

CD General science (a mixture of the above)

CD Other

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

CD I am not taking mathematics this year.

CD Regular mathematics

CD Pre-algebra

CD Algebra

CD Other

6 7

Please continue on next page. Ow
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GRADE 11

GROUP EXERCISES

11M

SECTION 1

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

1. Are you male or female?

CD Male

CD Female

2. Which best describes You?

CD White

CD Black

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

CD Asian or Pacific Islander

CD American Indian or Alaskan Native

CD Other (what?)=1
3. If you are Hispanic, what is your Hispanic background?

cp I am not Hispanic.

CD Mexican, Mexican American, or Chicano

CD Puerto Rican

CD Cuban

CD Oner Spanish or Hispanic background

68
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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 0 0
Science 0 0

'Computers 0 0
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.

Mathematics:

General, business or
consumer mathematics

Pre-algebra or introduction
to algebra

First-year algebra

Second-year algebra

Geometry

Trigonometry

Pre-calculus or calculus

Science:

General science

Biology

Chemistry

Physics

0

0

69
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PART II

HIGHER ORDER SKILLS TASKS

Introduction

In Part II, 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 stLdent data for most of

tne tasks. Separdte analyses by sex were conducted ,o determine if there were

any obvious gender biases in the tasks. No tests for significance were done

on I ie gender results.

Chapter I consists of tt-e group exerc.ses; Chapter 2 contains the

self-administered Aation activiti2s; and Chapter 3 contains the indvidually

administered full investigations.
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CHAPTER 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 RFARINGS WERE PUT IN THE NEXT TWO HOLES. THE
ARM WAS WOUND UP EXACTLY_ THREE TIMES AND LET GO.

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

_

WHAT WAS DIFFERENT ABOUT THE WAY THE WHIRLYBIRD ARM MOVED!
WHEN 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 MOVEJ TO DIFFERENT
HOLES?

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

'7q Please continue on next page. 0-



Activity Identification: Whirlybird

111
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 below.)

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

The piece of equipment in front of you is called a
of it is called the Whirlybird arm (I should point towa
look at the arm closely you will see that has three

I am going to put the steel balls on different hol
when I wind the arm three times and let go.

When I have finished, I will ask you to answer the
in front of you. "What was different about the way the
when the steel balls were in the different holes?'

Whirlybird. This part
rds the arm). If you
)oles on each side.

es to see what happens

question on the paper
Whirlybird arm moved



Whirlybird
Section 2 - Group
Grade 3M, 3S - #1

7M, 7S - #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. Katch
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 question 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 pLs. for a response that accurately dedcribes how the Whirlybird

410
moved in relation to the positioning of the ball bearings in the holes.

Score 2 pts. for a response that describes how the Whi/lybird 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 holes.

Score 0 for no response.

Skills involved:

In this exercise students need to infer a relationship between two
variables based on their observations.



THIRD GiRADE S6RE 150m- 3

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

INeANVilt..47f; baNs Olele- ovl k\le, tes

%-ti\ayVccr wan+ sk \tillon fft \-e.e\ bcAs bohect_

Ca\

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

SV9.) LL 181/),

(B) USE THIS SPACE TO WRITE DOWN YOUR ANS1NER TO THE QUESTION
IN THE BOX.

ri a \ef
:7; the_

Bct'



SEVENTH ("RADE SCORE POINT 3

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

-to .444 i.4-y641412

jot (1.4A

Please continue on next page. Nio.

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

_seadoiiitv

LAIIM 1 As &-1-%

Please continue on next page. No.

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

cAc`sGT
ackn

Please continue on next page. Po.



THiR,D (3-R.ADE SCORE PoiNT 2

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

o1Ww.1,0°.

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

.

. A LAii,
r

AV

IN THE BOX.

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

,O.,1=0.0110

1,0,111=liww



SEVENTH GRADE SCORE POINT 2

(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.

--a"r:E"t121.--.4413-1144-42144L-241=1-11."

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

79



THIRD 5RADE SCoRE !JOINT

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

Les ,

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

i4- oieis (ilboa_le. p .6\1

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



SEVENTFI GRADE SCORE POINT 1

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWER TO THE ..t,-2STION
IN THE BOX.

\\NE_ Nit kApe u si

CN
the ISict .

(B) USE THIS SPACE TO WRITE DOWN YOUR ANSWFR TO THE QUESTION
IN TH BO a

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

t\f--t itAA.stILtezz--s



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

eleventh 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 level 2 category,

had inferred the relationship and did not see the need to say more than "it

went faster." It was suggested that, for future use, it might be possible to

reword the question to try to elicit the explicit statement cf relationship

without being directive.

;1 E.r).



GRADE 3

2. 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.

83 Please continue on next page.



11
Hair Color
Section 2 Group
Grade 3M, 3S 12

(Logic)

A & B) Score 4 pts. for the correct answer brown with an explanatIcl
that uses both 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 eplanation 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 0 for no response.

Skills involved:

In this exercise the student needs to usa transitive reasoing in order
reach a conclusion about given information.

, 84
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THIRD GRADE SCORE POINT 14

(A) WHAT COLOR HAIR DOES MARY HAVE?
epown

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

T /at ( Sqid the_ 3.14 w,fh PaLtin
ct F t1O 14 ve 13 rown qr4

1;lor, jrias

(A) W"AT COLOR HAIR DOES MARY HAVE? EitetA.Pm. Active

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

40-
,1).1 )AJJIq1 if%ttmuLnoeJR4A1AA/7(--

(A) WHAT COLOk HAIR DOES MARY HAVE?

t4tI(A)IrL/4tV(

moY9 P 4.0 IMA,

(B) wRILE DOWN 'OAHOW FIGURED OUT OU ANSWER.

..2.7441
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i RD G.RADE SCORE POI m- 3

111
(A) WHAT COLOR HAIR DOES MARY HAVE?

roco))

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

e_ I:1)/ 14) 0L-2r)

rns 01- .11 A lie 0 1") Y1 eu4).6-

(fr )t

a r

(A) WHAT COLOR HAIR DOES MARY HAVE? 14byuallyij.TN

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

0 _}# 3A14)-/

JUL -r,A.L.L.3- 4-r 4. 01.4)1\.,

(A) WHAT COLOR HAIR DOES MARY HAVE?

(B) WRITE DOWN HOW YOU FIGURED OUT YOUR ANSWER-
,- 0**

JL,

\n,), T-\

-/ta-r
114

8 6

-2/Y,240

..14;t 07144O7t,



ko'RE P6INT 2

(A) WHAT COLOR HAIR DOES MARY HAVE?

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

(A) WHAT COLOR HAIR DOES MARY HAVE?

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

6i1114.i-Zr }9_,,cti)/

(A) WHAT COLOR HAIR DOES MARY HAVE?

-13-LeAAfru

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

45/U,



CORE OIN1 1

YE? ,,Liat 1414

UT YOUR ANSWER.

AAL )1,nt771

tipm..441

Of YOUR ANSWER.

Comments on Nair Color (Grade 3)

This logic problem for third graders worked well and appears to

illustrate what the APO has found; namely, that scudents
are more likely to be

able to do problems than provide good explanations for their answE . Over

half of the students answered correctly, but only a few managed co offer an

explanation that took both hair color and eye color into account. Girls in

the sample performed slightly better than boys.

Third graders seemed to understand the question and all but 5 percen i. at

least attempted it. The advisory panel thought that this exercise could be

used without change in a future assessment.



GRADE 3 , 7 , 1 1

3. JOE, SARAH, Jos, ZABI, AND KIM DECIDED TO HOLD THEIR OWN

OLYMPICS AFTER WATCHING THE OLYMPICS ON TV. THEY NEEDED TO
DECIDE WHAT EVENTS TO HAVE AT THEIR OLYMPICS. JOE AND Jose

WANTED A WEIGHT LIFTING AND A FRISBEE TOSS EVENT. SARAH,

ZABI, AND KIM THOUGHT 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 SCHOOL THEY HELD THEIR OLYMPICS. THE

CHILDREN'S MOT9ER3 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:

CELLALS1'LII. FRISBEE Toss WEIGHT LIFT 50-YARD DASH

JOE 40 YARDS 205 POUNDS 9.5 SECONDS
.10SE 30 YARDS 170 POUNDS 8.0 SECONDS
i(IM 45 YARDS 130 POUNDS 9.0 SECONDS
SARAH 28 YARDS 120 POUNDS /.6 SECONDS
ZABI 48 YARDS 140 POUNDS 8.3 SECONDS

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

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

STOP Do not continue until told to do so.



Triathelon
Section 2 - Group
Grade 3M, 3S - #3

7M, 7S - #2
11M,11S - #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 is needed to choose the winner.

Score 1 pt. if the student makes a selection 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
students rank accurately but add incorrectly or misread their own
notes to cite Jose' as the winner should be scored with code pt. 4.

Skills involved:

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



TH I RD 5RADE SCORE Po I NT 14

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

Z

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

WP,1
C2K,J

r)r)C

(-)A/ 6.LA F i5

M-)

c fi I f

(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.

kt" (irts .--eXi-2fz Li 4,k
3aL

5W/1-

1/11:00-

rot- STOP Do not continue until told to do so.
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THIRD (5RADE SCORE POINT 4

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

2A6

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINNER. BE SURE TO SHOW ALL OUR 11RK.

oe. tUct, a
2n

Sat
Mr!

0, N.A

Amowikitant,

-42d)6"

9 3



SEVENTH GRADE SCORE POINT 4

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

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

WINNER. BE SURE TO SHOW ALL YOUR WORK.

deDcfljhoc4E1 pet5or ccuin
t cuv o k-h p(Qce +0 5 ee- Lik 0 iVeA

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

A[51

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

7-r-o kk

.4c rvi p.JhôCc 0A
e_ e664-

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

/'"Ziai 1

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

ct-uf\k-ed , f
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ELEVENTH GRADE SCORE POINT 4

(A) WHO WOULD BE THE ALLAROUND WINNER?

;

(B) EXPLAIN HOW YOU DECIDED WHO WOULD DE THE ALLAROUND
WINNER.BE SURE TO SHOW ALL YOUR WORK.

'

ed_dh event PriWA t-5 10e be6f ,Y6re L$

5, Wit viii. (Oevt cidde fe fv1ple'u(?oes

(Or
Vlt) IJ Felt Virg Virif_-

(A) WHO WOULD BE THE ALLAROUND WINNER?

rAe
(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALLAROUND

WINNER- BE SURE TO SHOW ALL YOUR WORK.

GcwE -n-f (.....31kw-e-e. dr- r EvEA-r a.Fr.
QrLO ftiXL Pr_g50,J T 1, yS Pr ". s

so N.J . e=. -1-kyv "\010 t ALL_ 114.E- P1--5
-F)N P `Pi c ft_k_sDAi to )1 71-1, fl4 L:6\14.,}F r 5i Lx)\),

(A) WHO WOULD BE THE ALLAROUND WINNER?

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALLAR3UND
WINNER. BE SURE TO SHOW ALL YOUR WORK.
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THIRD GRADE SCORE F'OII1T 3

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

(B) EXPLAIN
WINNER.

HOW
BE

YOU DECIDED WHO WOULD
SURE TO SHOW ALL YOUR

E: THE ALL-AROUND
WORK.

44kw

0111ek et/efilf

(A) WHO WOULD BE THE ALL-AROUND WINN:R?

111 (B) EXPLAIN HOW YOU DECI
WINNER. BE SURE TO

15-4' p t
rdi

DED WHO WOULD BE THE ALL-AROUND
SHOW ALL YOUR WORK.

geft sbee,

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

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

9 6



SEVENTH RADE SCORE POINT 3

(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.

717-4 1-to TIA 1,1,a/AD evr est-

po44.1--pliN a it u-)Pi_Va -14# aAlti AA,"

q .5 Aa-c trvt,et oteutit,
kk .1,Gr* 4.1 /40A-06) 10-1 ttA_Alrec

40X6.1) -e,v4,y,Z6

(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.

- 40 tyk. orn _the 4.-ALA-eft ) An) -.11):45Lo

Utta oZ uoivta di)6(Al 1494-

a CluaZil.

(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.

1: Si- fh C
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ELEVENTH 17RADE SCORE PO I NT 3

(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.

cL, c,(.1 uum.44-t4

OI
2rcf

OA 1

uis4 2eY1..t,

CC

(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.

totrikkA bt 40,1,- 001 an.e---f4 A

) f/A ARA

egazi-tr^ 2 3/2/A -

(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.

IA=Lincic_,_±ach ere
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THIRD GRADE SCORE POINT 2

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

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

0

..AA -I Al

f

(A) .WHO WOULD BE THE ALL-AROUN.; 1TNNER?

To e

(B) EXPLAIN HOW Y3U DECIDED WHO WOULD BE THE ALL-AROUND
WINNER. BE SURE TO slop AL YOUR WORK.

T a cid afi

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

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

9 9



SEVENTH GRADE SCORE POINT 2

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

aft,at
(8) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND

WINNER. BE SURE TO SHOW ALL YOUR WORK.

a-,60-ca
c&ickif) 4)1_20,

1),Ctri244. i GCt belt.

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

7 A3.

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

WINNER. BE SURE TO SHOW ALL YOUR WORK.

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

t evld W et'

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

WINNER. BE SURE TO SHOW ALL YOUR WORK.

L 4-7t 11-h e oreS cl.dappi em_

+03e-fhp r ntd. 5.1 cam .1 up

to; tb Mt etps Oyer



ELEVENTH GRADE SCORE POINT 2

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

(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THr
WINNER. BE SURE TO SHOW ALL YOUR WORK.

AROUND

A, -khoe

5c,ore1 t2ic

(A) WHO WOULD BE THE ALL-AROUND WINNER?r
(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND

WIN!.ER. BE SURE TO SHOW ALL YOUR WORK.

(B)

atc-

. a s
wi,,,a0A 4 -0,1 0.)40- LoctAkg, a.A4-6

to-e;krNk --asL SD (ick COAAA (A) ft.4 0e- aiadtAk..

, (TY) tr.

WHO WOULD BE THE ALL-AROUND WINNER?

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

0 teAl)A3 06 OrrAfth (AZ1* ( 1,-17-4f1 A'AA

to-4.4:0)(p, al A1,0 41- -60 hed- -
(1..4A4..*LP 0,42 abn,teei 4, 01,d,

(4d atreAtetec aveA4§e t-4)3(eVe
_ 101



THIRD 5RADE SCORE POINT 1

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

(B)

Z API
EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUNDCDWINNER. BE SURE TO SHOW ALL YOUR WORK.y kis hE E 1-058 ; 6 14 totra-e-. 5 0- (KAIR D

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

0C27,6---/

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

(A) WHO '4OULD BE THE ALL-AROUND WINNER?

TOE.

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

E wuc be, wnner

SPP 0 has



SEVENTH GPADE SCORE POINT 1

(A) WHO WOULD BE THE ALL-AROUND WINNER?... 'Toe
(B) EXPLAIN HOW YOU DECIDED WHO WOULD BE THE ALL-AROUND

WINNER. BE SURE TO SHOW ALL YOUR WORK.

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

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

Iat- ,Zjae_, cibizsz. *Aga)
AAfl g°5 peoxildA--

(.;. WHO WOULD BE THE ALL-AROUND WINNER?

,L4

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

oain3t- cicot.. 01 . 5 ...zszx

a.os

103



ELEVENTI-1 GRADE SCORE POINT 1

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

ZA-

(B) EXPLAIN HOW YOU DriCIDED WHO WOULD BE THE ALL-,1"31INDWINNER. BE SURE TO SHOW ALL YOUR WORK.

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

1.1

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

Lt
116 40

I

3

18%.

----T r-
h'

0

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

z

(8) EXPLAIN AOW YOU DECIDED WHO WOULD BE THE ALL-AROUND
WINNER. BE SURE TO SHOW ALL YOUR WORK.

d;d ,Letnd Iood L a_cx



Comments on Triathlon (Grades 3, 7, 11)

In this exercise, which was tried ov: at all three grade levels, students

must decide upon an approach, and interpret the data, to reach a conclusion

about the results of three athletic events. Further, the students must pay

attention to the fact that the 'lowest 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 I 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, particularly 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



each event, leading to lowest score; assigning points, such as 5 to first

place, to each place, leading to 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.

10E



O

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

3 x 5 = x =

4 x 6 = 5 x 5 =

5 x 7 = 6 x 6 =

(A) LOOK FOR THE PATTERNS IN A AND B. WHAT SHOULD BE THE

NEXT LINE IN EACH OF THE COLUMNS?

A

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

SAME LINE AS THOSE GIVEN IN COLUMN B BELOW.

A

100 x 100 =

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND COLUMN B.

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

ANY NUMBER N.

107
Please continue on next page. II.



Number Relationships
Section 2 - Group
Grade 7M,7S - #3

11M,11S - #2

a) Score 2 pts. for correct response:
6 x 8 . 48 7 x 7 ... 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 - i.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) is one more
than the product of the numbers one less and one more; or The
product of two numbers that differ by two is one less than the square
of the number between them.

Sco-,:e 2 pts. for an incomplete explanation that is 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
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 corre2t response such as:
(n - 1)(n + 1) n - A or n x n -1
(n - 1)(n + 1) + 1 n4 or n x n

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
numerical patterns and express this relationship in a generalized form.

108



SEVENTH GRADE SCORE POINT 1

(A) LOOK FOR THE PATTERNS IN A AND B. WHAT SHOULD BE THE

NEXT LINE IN EACH OF THE COtUMNS?

A

SEVENTH GRADE SCORE POINT 2

(A) LOOK FOR THE PATTERNS IN A AND R. WHAT SHOULD BE THE

NEXT LINE IN EACH OF THE COLUMNS?

A



ELEVENTH GRADE SCORE POINT 2 6r)0,-K-4c

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

ELEVENTH GRADE SCORE POINT 1

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

A a

liO



SEVENTH GRADE SCORE POINT 1

_5-

Po,x-Ac 'R3

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

A B.

la X legl0= !Inc) 100 X 100 =LWC)

SEVENTH GRADE 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

Ci61 x = oaAcA

B.

100 x 100 =toopo

lii



ELEVENTH GRADE SCORE POINT 1 P,4c

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

A

x = ger??

13.

100 x 100 = L2_001DCD

ELEVENTH GRADE 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

x II_ = 99' loo x loo = L000
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SEVENTH (=RADE SCORE POINT 3

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND COLUMN B.

114, hu vn 6rc UI colvinn A a.re nine. increag.

w 195- Ont. (esco ha win A aft (

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

.frh-t ictehti cie oryt., in color r b

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

X44-ers.A.4 ct7,0

1t-A4ar,ein
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cpar-kc

EL6ENTH GRADE SCORE POINT 3

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND COLUMN B.

ici!A

A24e-d 4:0444- 1.4e 7746.49/14.' f!"), CzAL4,71r-1 1-i

Thr-r.-rg, #4,s7

- .

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

CPt.UMQ A iS tVON18 VALUG 5 A1-4-4Le 5

LE5s 7-444k) c_DLociltv 91c. c.c), isc3
TO 6 ARM-874)S a- A.k(01-1 tz.fr1/4)10 74-(4.1.4j

C-Ou-N) iv 4v.110 rt)v L..71"/ ES 71-4-6-cY1

(C) EXPLAIN.THE RELATIONsHIP BETWEEN THE EQUATIONS IN COLUMN
. A 'AND COLUMN B.

664eviry1 e I. Ca I urn o teroHnov-itino.f
a NJ YY 1øJ. ôn ovu ier cru---ithcon aolow vi

. CO kprvoil Ais prod .4iwaits / I effmurnin

114



SEVENTH 5RADE SCORE POINT 2

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

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

41tactuat_LAbitalcar_A,A,,,,, a

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND COLUMN B.

115



ELEVENTH GRADE SCORE POINT 2

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND COLUMN B.

P 4; ( co.R 4Ke._

cot. 1)z) ol2) o I, rnor "1--VICt

4V\t, 2" 4:q 02 CO n 2) t)

(C) EXPLA/N THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN
A AND COLUMN B.

adOerp3+ one 0-p-fpx c7-Aufey)r)

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

(dam .8 ;1' athe 41. -105 f&lic kiille
oltrinn 14 1:5 * no, tear 4nd -ihe oPer
41Mts teach &kr
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SEVENTH GRADE SCORE POINIT 1

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

A 6'61 rkfrniar oi\ie 11-1.1j he('
lov rn 10 er tg Ga_ty,e,

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS :N COLUMN

A AND COLUMN B.

co v pj, A the iers are invl/-1/11;461 1

A / es.s. 4-6eother a_ no( B yew -11*Ales. Me
Ply mb e hy files-am e Ainti bee

(C) EXPLAIN THE RELATIONSHIP BETWEEN THE EQUATIONS IN COLUMN

A AND COLUMN B.

ea-Y\ co\uiesrv \c 4or (
924-c`c\ Rfoo\e-rr\ od Arnuvn 0.erS

(r, oftor
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ELEVENTH GRADE SCORE POINT 1

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

-arttAwaN Akt almpri-4 4-61111,

11:9-St. Ntnn-14-rgA.. ;-7\ (21152-0--ette,)-47,s'
st-Aft-q it? .r."7,-(11QA '**1741-1J Rgi ;AA/.

7CrA4NT .1t;k-CL G

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

.04t4L.A.Q.

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

`fINL "1erc imulI4; d ar_e. inx.veaft-.16
t

*Al sl-mr-l-cci d: (fee



SEVENTH (FIRADE SCORE POINT 2

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUAT ION FOR

rift COlumnANY NUMB RI N. ^
C

(stri (1)
Please continue on next pageli

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

cfu Inn AL csiowi a
(N41) y o r A/V

Please continue on next page. Do-

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

A

119

Please continue on next page. 10-



ELEVENTH riRADE SCORE POINT 2

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

,4(te\ 1) n
(n-1 )64 4-.0 H

Please continue on next page. iro.

(0) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR
ANY NUMB N.

1:7-1 6
tTh (le) x Cfl+ g(tfn-H)

Please continue on next page. IP-

(D) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR
ANY NUMBER N. 1)xt) = (\e- )

120

Please continue on next page.



SEVENTH GRADE SCORE POINT 1

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

Please continue on next page. Os.

(0) EXPRESS THIS RELATIONSHIP IN SYMBOLS AS AN EQUATION FOR .

ANY NUMBER N.

410 n-z-')

Please continue on next page. Po-

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

cto. 1-\

Please continue on next page. fi
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ELEVENTH GRADE SCORE POINT 1

(D) EXPRESS THIS RELAT IONSH IP IN SYMBOLS AS AN EQUATION FORANY NUMBER N

Please continue on next page.

(D) EXPRESS TH IS RELATIONSHIP IN SYMBOLS AS AN EQUATION FORANY NUMBER N

iN

( bi-?) Lvi t3)

vt-t1)(1.,

()
Please continue on next page. N.

(D) EXPRESS THIS RELAT I ONSH IP IN SYMBOLS AS AN EQUATION FOR
ANY NUMBER N . N N

(Ni-x)xCN-4)

122

Please continue on next page. P.



Comments on Number Relationships (Grades 7 and 11)

This mathematical exercise required students to demonstrate recognition

of a pattern in Part A, then to extrapolate it in Part B, determine how the

two equations are related and express the generalized relationship verbally 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 11th graders in the

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

relationship 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 all parts of this task. There

was little difference between the performance of girls and boys in the sample.

Since the factoring, n
2

- 1 = (n + 1) (n - 1), is familiar in algebra

classes, it was important to make sure that experience with algebra was not a

sufficient condition for solving the problem. Given the fact that more than

90 percent of the eleventh grade sample reported having taken Algebra 1 and 77

peccent reported having had second year algebra, and only 18 percent provided

the formula or its equivalent in Part D, it appears that the exercise requires

thinking beyond the routine.

The advisory panel recommended this exercise for future use with one

change. They suggested that Parts C and D be combined, 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

410 3. IN A STATE WITH A 5% SALFS TAX ON RESTAURANT BILLS, ALFREDO'S

RESTAURANT ADDS A 15% TIP AUTOMATICALLY TO THE FOOD COST AND

THEN ADDS 5% OF THE TOTAL FOR TAX.

111)WIREALES RESTAURANT ADDS THE 5% TAX TO THE FOOD BILL AND

LEAVES THE AMOUNT OF THE TIP TO THE PATRON.

SUPPOSE TWO GROUPS HAD A FOOD BILL OF $100, ONE AT EACH

RESTAURANT.

(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?

(B) IS THE WAITER'S TIP IN DOMINIAUta THE SAME, MORE, OR

LESS THAN THE TIP IN ALFREDO'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.
124



Restaurants
Section 2 - Group
Grade 7M,75 - #4

1M,11S- #3

a) Score 2 pts. for correct answer - the same.
Score 1 pt. for incorrect answer.
Score 0 for no response.

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.



Pox-
SEVENTH GRADE SCORE POINT 2

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

DOMINIQUE't PAY THE SAME, MORE, OR LESS FOR THE TOTAL

BILL THAN THE CUSTOMER IN A FREDn'S FOR THE SAME FOOD
COST?

/0-42.40142

(A) THE CUSTOMER AT DDMIA.0152_5_ LEAVES A 15% TIe FIGURED ON

THE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN

DDBIADQUELa PAY THE SAME, MORE, OR LESS FOR THE TOTAL

BILL THAN THE CUSTOMER IN FREDO'S FOR THE SAME FOOD

COST?

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

DIIMIBIRYILI PAY THE SAME, MORE/ OR LESS FOR THE TOTAL
BILL THAN THE CUSTOMER IN ALFREDO'S FOR THE SAME FOOD
COST?

126



ELEVENTH GRADE SCORE POINT 2

(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?

(A) THE CUSTOMER AT keilfigigza LEAVES A 15% TIP FIGURED ON

THE TOOD COST PLUS THE TAX. DOES THE CUSTOMER IN

DOMINIQUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL

BILL THAN THE CUSTOMER IN Al.FREDO'S FOR iHE SAME FOOD
COST?

(141C.

(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 FOR4"THE SAME FOOD
COST?
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SEVENTH 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 IN

DOMINIQUE'S PAY THE SAME, MORE, OR LESS FOR THE TOTAL

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

COST?

(A) THE CUSTOMER AT DOMIJUQUE'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 'NE CUSTOMER IN ALFREDO'S FOR THE SAME FOOD

COST?

°G°14441att-1-2

(A) THE CUSTOMER AT DOMI_NIQUE'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 ALFRFDO'S FOR THE SAME FOOD

COST?

T

Ak 1>vpknd *Li WOO aVElitaCidb+.
%Kra° -1/4kneg 4Nneect. fid16
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ELEVENTH GRADE SCORE POINT 1

-(A) T.HE CUSTOMER AT DOMINIQUE'S LEAVES A 15% TIP FIGURED ONTHE FOOD COST PLUS THE TAX. DOES THE CUSTOMER IN
DOMINIQUE'S PAY THE SAME, MORE, OR LESS4FOR THE TOTALBILL THAN THE CUSTOMER IN ALFREDO'S FOR,THE SAME FOODCOST?

Ow (nig tpci

(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 IHAN THE CUSTOMER IN ALERLDOIS FOR THE SAME FOODCOST?

ivmer ore a c
(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?

cr

,y1 i
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SEVENTH 5RADE SCORE POINT 2

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

MDCLC,

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

LESS THAN THE TIP IN ALFREDO'S?

-4172.0ij

(B) IS THE WAITER'S TIP IN DatialtuLl THE SAME, MORE, OR

LESS THAN THE TIP IN ALFREDO'S?

more
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9c-sk
ELEVENTH GRADE SCORE POINT 2

(B) IS THE WAiTER'S TIP IN DOMINIQUE'S THE SAME, MORE, OR

LESS THAN THE TIP IN ALFREDO'S?

Th.a 4-t p iG 4-Lt_ rAore Dom .

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

4511"1115"6111111.11-H-.. f\rIpt-e--

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

14 (2..
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SEVENTH GRADE SCORE POINT 1

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

LESS THAN THE TIP IN ALFREDO!_a?

Itt3s
ak--

ore or -ess thziet (670

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

=44_

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

LESS THAN THE TIP IN ALFREDO'S?

aq" elacArict on how much -ficep siorn-°e,

9laz .
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Vbs.&

ELEVENTH GRADE SCORE POINT 1

(B) IS THE WAITER'S TIP IN DOMINIQUE'S
THE SAME, MORE, ORLESS.THAN THE TIP IN ALFRED0'?

(B) IS THE WAITER'S TIP IN DOMINIQUE'S THE SAME, MORE, ORLESS THAN THE TIP IN ALEREpaa?

hle-Watr4 WCAO-e (14. Dntrirl'elue U less /
(B) Is THE'WAITER'S TIP IN DOMINIQUE'S THE SAME, MORE, OR

LESS THAN THE TIP iN ALFREDO'S?
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SEVENTH r3RADE SCORE POINT 2

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

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

SAME, MORE, OR LESS?

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

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

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

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

SAME, MORE, OR LESS?

J(240
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ELEVENTh fiRADE SCORE POIN't 2

(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?

(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?

C IF THE CUSTOMER AT DOMINIQUE'S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE.TAX, WOULD THE TOTAL SPENT BE THESAME, MORE, OR LESS?



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 THF

SAME, MORE, OR LESS?

(C) IF THE CUSTOMER AT DOMLNIAMIZA HAD FIGURED THE TIP ON

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

SAME, MORE, OR LESS?

5 Palle,

(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?
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Pc,* c
E1.EVEN11-1 GRADE SCORE POINT 1

(C) IF THE CUSTOMER AT DOMINIQUE'S HAD FIGURED THE TIP ON
THE FOOD COST BEFORE TAX, WOULD THE TO1ACSPENT BE THE
SAME, MORE, OR LESS?

J arra

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

410
(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?

1064.0eat:hp .2.i4rymil,



Comments on Restaurant (Grades 7 and 11)

This is a mathematical problem that 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 learned 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.



GRADE 1 1

4. USUALLY 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 ABOVE. 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.

STOP Do not continue until told to do so.
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Heart Rate
Section 2 - Group
Grade 11M,11S - #4

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

Score 6 pts. for all essential elements:

Baseline - at rest heart rate
Timed exercise
Heart rate measered 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 is taken only after a specified time lapse or providing a
vague post-exercise statement such as "..time myself until normal."
without specifying repeated measurements.

Scor- 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 indication 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
identifying key independent and control variables.



ELEVENTH GRADE SCORE POINT 6

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDI-NG ANSWERS TO

THESE QUESTIONS.

YvI ect fc yrt y hYf bccti. r
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BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO

THESE QUESTIONS.
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ELEVENTH GRADE SCORE POINT 6

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO

THESE QUESTIONS.

V.10
cec -Vrajr_oc) fdah_poLPO r.

C-Ne.

Ar) COP° -RY on sec__
fecoc

woS C.,v160_,C. hen (ceo utd C c )-bak
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ELEVENTH .;RADE SCORE POINT 5

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

inRs%-r, T Hg'7'gf)M L,TT
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ELEVENTH .7.RADE SCORE POINT 5

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDIMG ANSWERS TO
THESE QUESTIONS. aitt J Unt ft do fox04.

P-462A.Cift e cki
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BRIEFLY DESCRIBE HOW YOU MIGW; GC

THESE QUESTIONS.
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ELEVENT1-1 GRADE SCORE POINT 4

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

4,9 0v%\d r -keoc-c hex... C.+ catC c
o \ (nave_

r,A_Pexsui(e., 9& e\IOLA v`-/O`A\C\

ervei g3 werbil :4- (.,-JC.Q

rinrc,Ani, p tar\- Ce.rncriv f -V-

ft,

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

.-0 iv1L tri.)
tleu,16 I' --eL,4 444,

LA a, caOS , r,2-41/A- 1.417TizieL,

tezard..,

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDI.NG ANSWERS TO
THESE QUESTIONS.
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ELENENTI.-1 G.RADE SCORE POINT 3

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

Ci.Sat.tvorir LAsic-36-01
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LIA.LA

cqk.k..A acz4. L/Ni u-)-eck-d 4 dk-

04_41 j :00-1-DA Liu.,C.Aud 44-t:13 I( A

'Ckil 04431.4 ci\Lut 8,03,t ci

tu4 r 4- Ctxtcl_

(,1,4-t,ge.)-.__ LA1 LizvkA- LALOIP

(LI -b.`)( ul-AdLe,-/Lel
6(.1..0

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO

THESE QUESTIONS.

nto L ,r)Lt 7& _0 (A_ -)ai
/VA cAA.6 4 Pu Crii fr)Li7( Lt

11 Criint
Jk

_d A. Al_2.0. .1 _ hA I 4 AL-..,11°

146



ELEVENTH GRADE SCORE Pourr 3

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
;

THESE QUESTIONS.
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ELEVEN11-1 GRADE SCORE POINT 2

BRIEFLY DESCRIBE HOW YOU RIGHT GO ABOUT FINDING ANSWERS TO

THESE QUESTIONS.

1 .0

A A

d- cur" /Li

Xt,..4`1 i A Y.-usi:cA

1141_,(3'

rklAr (44.11

2A-A /Le/cj

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

THESE QUESTIONS.
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ELEVENTH GRADE SCORE POINT 1

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

oLQ 1Cir5+ px-1\)
--c
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reSI Cnr w

BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO

THESE QUESTIONS.
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BRIEFLY DESCRIBE HOW YOU MIGHT GO ABOUT FINDING ANSWERS TO
THESE QUESTIONS.
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ELEVENT1-1 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 oiological contexts which pose difficulties for actdal

implementation in an assessment.

The 30 percent of the sample who scored 0, no response, or 1 may ha'..e

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

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 graph 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 elcdient

in a reliable experiment. It might be desirable 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)

SortiAg, 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

Magnets (strength) 3



STATTON 3

How are these birds different?

Here's what you do:

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

1.

2.

3.

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

Explain what you found:

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

1.

2.

3.



Activity Identification: Birds (classify)

111 Grade(s): 3

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biology

Apparatus required: Four pictures of birds labelled A, B, C, and D that are
individually mounted on 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



Birds (classify)
Station A
Grade 3 station 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. if the student provides an irrelevant response.

Score 0 if 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 whch
specifies ways that bird D resembles the bird that has been chosen. Score to
a maximum of the three best responses. Score 1 pt. if the student makes an
irrelevant response. Score 0 if the student makes no response. Responses
which pertain to inctdental aspects should not be scored.

Skills involved

In this exercise the student is asked to make a classification of an
"unknown" 1-ased on observations about a set of stimuli. In order to make this
classification the Etudent must make comparisons and contrasts among the
"known" stimuli (i.e., the pictures of birds A, B, and C).
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THIRD ORADE SCORE POINT 4

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

1. .5 I-) c rkj-er
2.

3. 4k h 01-S 0-c+A.6 1- a) cr,l) Clov\th

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

1. PriilArk ,1-1) _i-Le/Ar -dle>ett(1-A
2. B kete)
3. 3 AP1-24) ) Ylf.4 J4,i9 _(2,14

1) WRITE DOWN THREE WAYS THAT BIRDS A, B, AND C AREDIFFERENT.

2.
e cr.%
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THIRD GRADE SCORE POINT 3

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

1. ,ZiA9M'Q --keVk lePig ASA
2 . .0.,01trtit ,viihr imx .0140-ct

3. -A41114--tLt:toi4

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

1. Th 11LOfl1S tu
2. T kve 5QcOrd orl-e 64 s veb TeeT4
3.

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

1. e
2.

3.

111
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THiRD §ADE SC6RE P6INT 2

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

1.

.ere,,ec.4J

C)
3.

1) WRITE DOWN THREE WAYS THAT BIRDS A, B, AND C AREDIFFERENT.

1.

2.

3,

p aC

S hap es

1) WRITE DOWN THREE WAYS THAT BIRDS A, B, AND C ARE
DIFFERENT.
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THIRD r3RADE SCORE POINT 1

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

1.

3.

1) WRITE DOWN THREE WAYS THAT BIRDS A, B, AND C AREDIFFERENT.

1) WRITE DOWN THREE WAYS THAT BIRDS A,
DIFFERENT.

1. 111.4, n

2.

3.

B, AND C ARE

)0V1et
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THIRD fiRADE SCORE POIKT

2) Now LOOK AT THE BIRD LABELLED D. DOES BIRD I LO MOST
LIKE BIRD A, BIRD B, OR BIRD C ?

OK

Jr-Ad)
(20,

2) Now LOOK AT THE BIRD LABELLED D. DOES BIRD D LOOK MOSTLIKE BIRD A, BIRD B, OR BIRD C ?

2) Now LOOK AT THE BIRD LABELLED D. DOES IRD D LOO MOST
LIKE BIRD A, BIRD B, OR BIRD C ?
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THIRD GRADE SCORE POINT 14

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1. :[latill___Agi'711 VIryge )LO.X12 Ne.35
2- linetr )3;1.k c.% cl\Ono,-1-- ii-,,. sn 1-1's it c^ , 7 firs

*

-retv-14-13-

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOSTLIKE THE BIRD THAT YOU HAVE CHOSEN-

1-

2-

3-

3) WRITE DCWN THREE REASONS WHY YOU THINK BIRD D LOOKS
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1. 6ssrlcv(`
2. ) n 1--t

3- bb%frh

MOST
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THIRD GRADE .5CORE FOINT 3

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN.

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST,e---LIKE THE BIRD THAT YOU HAVE CHOSEN.

1 . _ _T h t 9 b oth k a./ e 1 o n2 ) es s
2. b 4- 5 c Lc) oL.!J
3. k I *II . 6enkS

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1. One t-ictS&n "lytt d ,5 4v co . 0 ,r g
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ke- colore iL
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THIRD' GWE S.C6RE P6INIT 2

3) WRIT.1 DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOS
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1 crtf
2.

3.

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU MA E CHOSEN.

1

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOSTLIKE THE BIRD THAT YOU HAVE CHOSEN.

1

2.

3.
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THIRD (*ADE SCORE POI NT it

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN.

1. I+ ,1 --k-e, lA)/1,y.

2. T he; r bolt b 15/' (,(S,

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BI D THAT YOU HAVE CHOSEN.

1- .1221___./li

2 .

3.

0144-2- 41\fl

3) WRITE DOWN THREE REASONS WHY YOU THINK BIRD D LOOKS MOST
LIKE THE BIRD THAT YOU HAVE CHOSEN.

'

1. r

2.

3. z"ni n'14. o C e
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so
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.
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7RADE 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 ABOU1 ALL THE BIRDS IN EALH
TREE.

You CAN WRITE THE LETTERS OF THE BIRDS IN EACH OF THE
TREES.

TREE 1 TREE 2

EXPLAIN WHAT YOU FOUND:

2) FILL 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 TREF 2 ALIKE?

1 6 O Please continue on next page. Pio.



3) Now PUT 7IFFERENT BIRDS TOGETHER IN EACH OF THE TWO
TREES.

SOMETHING MIIST BE THE SAME ALOUT ALL THE BIRDS IN EACH
TREE..

TREE 3

EXPLAIN WHAT YOU Fouu:

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 3 ALIKE?

IREE 4

How ARE THE BIRDS IN TREE 4 ALIKE?
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Activity IdentificatThn: Birds (sort)

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biology

Apparatus required: 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

40i '96
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Birds(sort)
Station B
Grade 3 - station 3

Scoring of the Written Responses

1) Score 2 pts. if 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. if
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 is 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 is able to form two new groups of birds
which Jiffer 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 I pt. if the student doesn't use all birds
and/cr makes repeats. Score 0 if the student makes no response.

4) Score I pt. starting with code pt. 2 for each plausible listing of
how the birds in each group are alike that is consistent with how the student
formed each group in 3). Score I pt. for an irrelevant listing. Score 0 for
no 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.



S.

Varlc

TH (5RAD'E SCOI POINT 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 THE BIRDS IN EACH OF THE
TREES.

TREE 1 TREE 2
1) WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TWO TRL:ES.

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.

1) WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TWO TREES. 4--
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.

TREE 1

170
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THIRD (3RADE SCORE POINT 1

1) WRITE THE LETTERS OF THE BIRDS THAT GO IN THE TWO TREES. V
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.

TREE 1 TREE 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 THE BIRDS IN EACH OF THE
TREES.

TREE 1 TPPF 9
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 T!;:: 2:RDS IN EACH OF THE
TREES..

1 1 TREE 2



THI:RD 6RADE SCORE FOINT 3

2) FILL IN THE SPACES BELOW 70 DESCRIBE HOW
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 1 ALIKE?

-grt/deD114,- CUTQd ...el/nrvad

THE BIRDS IN

HOW ARE THE BIRDS IN TREE 2 ALIKE?

/kw_ nst 11/1' 1:14

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS iN
EACH TREE ARE ALIKE.

How ARE THE BIROS IN TREE 1 ALIKE?

(1 m

How ARE THE BIRDS IN TREE 2 ALIKE?

-116-Z.

ILLe..4 ._43.____±/1 i;r- -JrN P

or P 114- n n r

2) FILL IN THE SIJAt, DtLuw
EACH TREE ARE ALAKE.

How RE THE BIRDS IN

git

ypli
r e rt

(N,4 h (

IU UtJUM:DC tHL

EE J. ALIKE?

r6
(2!)

HOW ARE THE BIRDS IN

I
T ;: 2 ALIKE?
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T4iir) SCO'RE P6I'NiT 2

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 1 ALIKE?

71,e: WIc-Ac,.) "J\`60-', \P4cc.

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?

ey. oil la a r CP
10 co -1p-5-

How AkE THE BIRDS IN TREE 2 ALIKE?

011 A1d on e

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 1 ALIKE?

1 / / ,

How ARE THE BIRDS IN TREE 2 ALIKE?

a yr. Ci I/ Ic,
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THIRD 5RADE SCORE POI NT 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?

How ARE THE BIRDS IN TREE 2 ALIKE?

/11-6_9/e- a QL Jai,r4Jp17 an h rayt ok

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 1 ALIKE?

fzgelea.41.1rez-Li}

How ARE THE BIRDS IN TREE 2 ALIKE?

/70)

a/

2) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 1 ALIKE?
1

N9..)

How ARE THE BIRDS IN TREE 2 ALIKE?



THIRD GIVIE SWRE NINT 2

3) SOMETHING MUS; BE THE SAME ABOUT ALL THE BIRDS IN EACH
/ TREE.

TREE 3 TREE 4

4) SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE.

TREE 3 TREE 4

3) SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE.

TREE 3 175 TREE 4



Vcs-k 3
TH I RD 5RADE SCORE Poirr 1

3)
SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE.

TREE 3 TREE Li

3) SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
TREE.

TREE 3 TREE 4

3\1 SOMETHING MUST BE THE SAME ABOUT ALL THE BIRDS IN EACH
/ TREE.

TREE 3
176
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THfRD rjRADE SC6RE POINT 3

11,
4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN

EACH TREE ARE ALIKE.

HOW ARE THE BIRDS IN TREE 3 ALIKE?

C, re 9.41,0.)

HOW ARE THE BIRDS IN TREE 4 ALIKE?

4) FILL IN ..nE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE..

HOW ARE THE BIRDS IN TREE 3 ALIKE?

cjia/N0,- cv-u- 11,49, Jr

HOW ARE THE BIRDS IN TREE 4 ALIKE?

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

HOW ARE THE BIRDS IN TREE 3 ALIKE?

They 011 \14uL pru'ntiod beakz-.
hy Qil hovp a 11441 .t

HOW ARE.THE BIRDS IN TREE 4 ALIKE?

hou
,f\c,

d'-
ric g-c knue_

proemlz

4-er
r (

_3



THI'RD cs.R.ADE SC6FiE PQ.I.NT 2

4) 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?

4) 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?

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACP 1-REE ARE ALIKE.

7 How ARE THE BIRDS IN TREE 3 ALIKE?

CQ .Dr

How ARE THE B RDS IN TREE 4 ALIKE?

\c; r AOC )

2--



THI (31tADE SCORE Pomrr I
(pc.xic Lk

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS INEACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 3 ALIKE

How ARE THE BIRDS IN TREE 4 ALIKE?

&kir

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

How ARE THE BIRDS IN TREE 3 ALIKE?

vs.-1 11, 0 j OM-) NiVl&L_J

HOW ARE THE BIRDS IN TREE'4 ALIKE?

4) FILL IN THE SPACES BELOW TO DESCRIBE HOW THE BIRDS IN
EACH TREE ARE ALIKE.

HOW ARE THE B!RDS II1 TRE.E 3 A I

HOW ARE THE.BIRDS N TREE 4 AL KE?
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Comments on Birds(sort) Clmide 3

In the Birds(sort) exercise, plausible groups of oirds could be formed 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 birds which included all the birds and no

repeats, only 21 percent accurately described how just one of their groups

4ere 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 new 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

'Mich 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 exercise.

In spite of these problems, the exercise did show that some students

cduld understand the directions and could sort the birds. The panel liked 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

opc.-ational use.

180



to

GRADE 3

STATION 6

HERE'S WHAT

WHAT IS THE SAME ABOUT THE SEEDS IN EACH GROUP?

MAY

SEEDS IN

YOU DO:

OF SEEDS.
BuT DO WOT TASTE

THE SAME ABOUT

You
THEM.

THE

1)

2)

3)

4)

LOOK CAREFULLY AT THE TWO GROUPS
SMELL THEM AND PICK THEM UP

WRITE DOWN WHAT YOU THINK IS
GROUP 1.

WRITE DOWN WHAT YOU THINK IS
GROUP 2.

THE SAME ABOUT THE SEEDS IN

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.
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GRADES 7,11

STATION 3

fIERE'S WHAT

WHAT IS THE SAME ABOUT THE SEEDS IN EACH GROUP?

MAY

SEEDS IN

YOU DO:

1)

2)

3)

4)

5)

6)

LOOK CAREFUU.Y AT THE THREE GROUPS OF SEEDS. You
SMELL THEM AND PICK THEM.UP BUT DO NOT TASTE THEM.

WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE
GROUP 1.

WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS
GROUP 2.

IN

WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS
GROUP 3.

IN

Now LonK AT THE SEEDS LABELLED X AND Y.

WRITE DOWN WHY YOU THINK EACH OF THE TWO SEEDS BELONGS
IN GROUP 1, 2, OR 3.

SEED X

SEED



Activity Identification: Seeds (classification of unknown)

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activ;ty

Content Area: Science-Biology

Apparatus required: 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, = yellow
mustard seeds, J = fenugreek seeds, X = coriander, Y = aarley. Foi. the grade
3 students, only groups 1 and 2 will be used.

Administration: Seeds should he placed into the following groups: Group
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 replaced if their level in each dish appears low at the end of an
administration. Seeds should he 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
maximum of the three best responses per group. Score 1 pt. if the
student provide6 an inaccurate or irrelevant response= Tie attribute
of smell should be scored as an irrelevant response. c' ..ee 0 if the
student makes no response.

4) Score 1 pt. starting with code pt. 3 for each accurate or .:.:asible

statement about why the studert placed seed X in a given g(
Seed X was the same size as the seeds in Group...). Score. . a
maximum of the three best responses. Students should plac,1,. !!,A X
with Group 2. Score 2 pts. for providing a group only. Si pt.
if the student provides an inaccurate or irrelevant respoAlse. The
attribute of smell should be scored as an irrelevant response. score
0 if the student makes no response.

(for grades 7 & 11)
2-4) Score 1 pt. starting with code dt. 2 for each accurate or plansible

statement about how the seeds in each group are the same. Score up
to a maximum of the three best responses per g'foup. Score 1 pt. if
the student provides an inaccurate or irrelevant response. The
attribute of smell should be scored as an irrelevant response. Sco,..e

0 if the student makes no response.

6) Score 1 pt. starting with code pt. 3 for each aecl!rare or defensible
statement about why the student placed ed f and Y in givan
group. Score up to a maximum of the 4:N2ee best responses cor seed X
and for seed Y. Scoreable response r Seed X would include
placement with Group 2 because of s'..e rnd shap or placement with
Group 3 because of color and shape. ',coreable responses for Seed Y
would include placement with Group 1 because of shape ar4 size or
placement with Group 3 because of color and shape. Score 2 pts. if
the student provides a group without providing an explanation.
Score 1 pt. for an inaccurate or irrelevant response. 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
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Skills involved

In this exercise students are required to classify an "unknown" based on
a set of generalizations about a set of "known" entities. TheF;e
generalizations are made by making a set of comparisons and contasts about
the set of known entities.
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. ... , ,

THIRD CRAM SCORE FOINT 3

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

A

41)
3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

r.iROUP 2.

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

Q re GI 1 pointed

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

thty Cite an row4d



SEVENTH GRADE SCORE POINT 6 cie_...4cs a-

2) WRITE DOWN WHAT YOU THINK IS THE SAME-AUUT.THE SE DS IN
GROUP 1- / Alt

1.1'.
fr,A CV
I

3) WRITE DOWN WHAT YOU THINK IS
GROUP 2.

a,b2 Si
THE SAME ABOUT THE SEEDS N

4) WRITE DOWN WHAT YOU THINK IS THE.SAME ABOUT THE SEEDS IN
GROUP 3.

SEVENTH (iRADE SCORE POINT 8

110 2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP le

r ,ii I arN,9

el; F-c Coiar.5 t-1 al 1 1104.t. 1iip 420-n
-F-hrotilk% 41%-e#71 QPIel F 41h y r-( 5 .e oret 04

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SeW IN akenl-,Z4/,
GROUP 2.

rr-e ail bet 1/ c-ketp-r. , cot (ei)
ct

Col Cr,
4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

GROUP 3.
I.

0A1in cotor. Th -c.f A V-e- ek, co in 't" h1-r-11
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ELEVENTH ORADE SCORE POINT 7 L(.

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

e, a It iorij se..kij 514j2e4

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 3.

Stfv)(1 ro(or-

EUDan GRADE SCORE POINT 9

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS I
GROUP 3.

IOC;



, . ,

TH I RD GRADE SCORE PO I NT 2

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1-

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

theça rn

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

1111a/li°,_

41,
3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

GROUP

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1-

crd h 1 o

ho4ipr, bk A re t io
3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN

GROUP 2.
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SEVENTH q!RADE SCORE POINT 2 s

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 1.

ai \\%,k2. 4,\Aa_ 9g.Me- gm-fin
44L Q.0..w%4

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 2.

am all (c)-1,tv\CI

4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
, GROUP 3.

s yraNk

SEVENTH (RADE SCORE POINT 4

70,

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 1.

A.cver-t_

/ge4. 1)7,7

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 2.

JALft/1 aAt ral A.4141,1e-4 ILS19.6-

4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 3.

.1~4 At f,LA:14-2 .hfo
A-4-1--taLf 24.al (J....AA ail _A-4(1%RX v
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THIRD RADE SCORE POI-NT 1

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 1.

)JLJg JL& 04(1/44

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 2.

2) WRITE DOWN WHAT YOU THINK IS THE SAM. ABOUT TH: SEEDS INGROUP 1.

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS INGROUP 2.
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EUEVENTIA GRADE SCORE POINT 1

2) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 1.

.e.eren*

'3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

c (1'r/ e p i. Mer ,Seeticis ,

+tve 3m) Cu eq-e.

,4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS.7N
GROUP 3.

77tj art rrecifct

2) WRITE DOWN WHAT YOU THINK IS THE SAM. ABOUT THE SEEDS IN
GROUP 1.

ELEVENTH GRADE SCORE POII\ff 3

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 3.

sirrip-e EUDANTH r.RADE SCORE %I NT 5
2) WRITE DOWN WHAT You IHINK IS IHt bAfflt Aliuut ImE SEEDS IN

GROUP 1.

Qwma cAve3-A-0

3) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS IN
GROUP 2.

4) WRITE DOWN WHAT YOU THINK IS THE SAME ABOUT THE SEEDS iN
GROUP 3.

Q0J6, cJcc\ do.4 192



fknC3C-4
THOM GRADE SCORE POINT 3

4) Now LOOK AT THE SEED LABELLED X. WHIC. GROUP WOU'LD YOU
PUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONGS IN
THE GROUP YOU HAVE CHOSEN.

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.

:MD

4) Now LOOK AT THE SEED LABELLED X. WHICH GROUP WOULD YOUPUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONGS INTHE G OUP YOU HAVE CHOSEN.

ro p b ecO u Se 1,4-2_cx) \q
/ ; beck-

5



SEVENTH GRADE SCORE POINT 2

5) Now LOOK AT THE SEEDS LABELLED X AND Y.

6) WRITE DOWN WHY YOU THINK EACH OF THE TWO SEEDS BELONGS
IN GROUP 1, 2, OR 3.

ry

SEED /4 5me.\s A\AQ Gann* as

SEED X oks ti

SEVENTH GRADE SCORE POINT 4

5) Now LOOK 'T THE SEEDS LABELLED X AND Y.

6) WRITE DOWN 1 HY YOU THINK EACH OF THE TWO SEEDS BELONGS
IN GROUP 1, . OR 3.

SEED Y ,tdellis Jk7 I irce-t2.4,4.astJ 14Lor p.044/P

SEVENTH GRADE SCORE POINT 6
5) Now LOOK AT THE SEEDS LABELLED X AND T.

6) WRITE DOWN WHY YOU THINK EACH OF THE TWO SEEDS BELONGS
IN GROUP 1, 2, OR 3.

SEED PA. IN

eltf:e bony in 5.-i2.1: akld hti4
v, +.q....A.. 1.-tinr-efr7

SEED V .-F-
("1-e 1 ill-N 1-..- 0, 9rAniAp 1- 13-- r r ok_e) _-.--t_

$ ...±b_l_4_..12...._iii1iLvi.._h4 j15 q0,4e..._
da rg in Color,

4411t ronnis?
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T46 GRA'D'E SEORE PGII.INIT 2

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.

4) Now LOOK AT THE SEED LV;ELLED X. WHICH GROUP WOULD YOUPUT IT IN? WRITE DOWN ih YOU THINK SEED X BELONGS IN
THE GROUP YOU HAVE CHOSEN.

6ecaqsa "'t is inv14

4) Now LOOK AT THE SEED LABELLED X. WHICH GROUP WOULD YOUPUT IT IN? WRITE DOWN WHY YOU THINK SEED X BELONGS IN
THE GROUP YOU HAVE CHOSEN.
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ELEVENTH GRADE SCORE POINT 2

6) WRITE DOWN WHY YOU THINK EACH OF THE TWO SEEDS BUONGS
IN GROUP 1, 2, OR 3.

SEED X becaose.

do5t54- ;r7 SIze 6,70 she? pe_ -

SEED Y 1-eientf5 in grofVP 1 hpceidce -Heti
at closes f- ?r7 C Ise-e eAh%d shet-p1F..

ELEVENTH GRADE SCORE POINT 4

6) WRITE DOWN WHY YOU THINK EACH OF THE TWO SEEDS BELONGS
IN GROUP 1, 2, OR 3.

SEED X Be DIV AUS

G

SEED Y

SE AV-

Pte- OCT1-1E.Z- 1--M I) 5 E
fie.set4,I11.- &Roo? (epv,

ELEVENTH GRADE SCORE POINT 6

IN (:POUP 1, 2, OR 3.
6) WRITE DOWN WHY YOU THINK EACH OF THE P.:0 SEEDS BELONGS

SEED X

SEEF

Al I.4

ak-414
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THIRD GRADE SCORE Pourr

4) Now LOOK AT THE SEED LABELLED X. WHICH CR
PUT IT IN? WRITE DOWN WHY YOU THINK SEE'
THE GROUP YOU HAVE CHOSEN.

c)(3A3-

40ULD YOU
.ONGS IN

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.

r-c')CLp 17,T.As fc t? 501 es I/

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.

9ter-w1fl" OunlY401,±
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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 diffe:'ences 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 pe-cent 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.-2ch 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 little less than half the grade 11 students provided at

least one p!ausible 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.



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

re;ponses for each group and for the two unknowns separately.

This task can be used in a future assessment without change.

D



GRADE 7

STATION 3

LWHAT IS THE SAME ABOUT THE SEEDS IN EACH GROUP?

HERE'S WHAT YOU DO:

1) LOOK AT THE COLLECTiON OF LABELLED CONTAINERS OF SEEDE.

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 COD YOU FINU:

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

GROUP A:

GROUP B:

GROUP C:

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP B:

GROUP C:
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Activity Identification: Seeds (sorting)

Grade(s): 7,11

Method of Administration: Solf-Administered adtion Activity

Content Area: Science-Biology

Apparatus required: 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, 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 level 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. if 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. if the student forms incorrect or incomplete groups.
Score 0 if the student makes no response.

4) Score 1 pt. starting with code pt. 2 for each accurate or plausible
statement concerning how the seeds in each group are alike to a
maximum of 2 pts. per group. Score 1 pt. if 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 rleeds to classify a set of stimuli 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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SEVENTH (RADE SCORE POINT 3

.5) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

GROUP A: A B
GROUP B: c
GROUP C: 1J14J

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

GROUP A:

GROUP B:

GROUP C:

01T/ H-

P

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.
111

GROUP A: E.

GROUP B:

GROUP C:
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SEVENTH GRADE SCORE POINT 7

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

(2

GROUP A:

GROUP B:

(7:11 _>94._,P

GROUP C: /42419Sei2Z
di

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: Lov\- ÷11 ^iscCd

GROUP B: I) 'fri-1-( rcW0014 46/ ct/Cd10/ or'671 Zcv)-4-----Th

GROUP C: bis'Ilr610167( (0 4 e\-'11C:IZC2Q.

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: ,,i'
-90irw-tp D

GROUP B: ()Ai AINaL. DcovreAinsoilit LiA;(1/

Ara&-6214149,04-----

1±gd 21/31- 1111-41L-14

. S 0. Asa. "Az .0.

GROUP C:



SEVENTH (31.RADE SCORE POINT 2

3)

3)

WRITE THE LETTERS OF THE SEEDS IN YOUR THREE

GROUP A:

GROUPS.

GROUP B:

GROUP C: 2214

WRITE THE LETTERS OF THE SEEDS IN

GROUP A:

YOUR THREE GROUPS.

GROUP B:

GROUP C:

WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.3)

GROUP A:

GROUP B:

GROUP C:
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SEVENTH GRADE SCORE Po I NT 6

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR Illtott

GROUPS?

GROUP A: S'Iv\

GROUP

GROUP C:

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: Q-P 9- 134-- 4AQAA- dt."A. ."Lertel4- Lt4w.
ck4 o't& ov-al _21,11mAL %ft;cth DI:affj, .4

GROUP B: Cat tjlp .2112.4 Aittygezt

GROUP

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP

Seeks act cc)) Nr16\ avA

CIL\ \ S-Q-eaS or \Ovcx, av)ci

GROUP C: \ atre--



4) WHAT IS THE
GROUPS?

GROUP A:

SEVENTH (=RADE SCORE POINT 5

SAME ABOUT THE SEEDS IN EACH

itKsz- Arrerir_

OF YOUR THREE

GROUP B: 17

GROUP

C. Ca

(i

(14.0 2 ro-lAseykid

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP B:

GROUF

f\A tA-Ne

p e. c_ tiCe 6,./ cerco-3

SP P cl orbuo Pr
.1 A

ct\ \tN of NI> C Ry-e_

coov, (J if-N(5 Q pha ALGv.

cy-iu

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: ECJ
61ft ,426./ ogX/ .X.149 A-04 ,t14--1.el-A0:-t

GROUP B: 4li /(-e,-4P" dt IZArCLerl, .4a0rept4

tet- iefr*'3 .'74Sro< X.41,g,.,1
GROUP C: et7Z4 Gael, -"44rez-01-.0( et."0/

.1_41,e4

ee- T.-&ze.11



SE430-1 (JRADE SCORE PoiNT 4

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF.YOUR 1HREE
GROUPS?

GROUP A: TIC\gx1 03\ ''s\Clc)--Nc-D (1*-\\\--P

GROUP B: OS42- \(-12 StA0.-1
cec

A5Tit Z44s.x.Pre

GROUP C cc
ci\\ )9% C,)

ts,3c\P_N-N C`Neil,Y),Q.>"\-12.6,

e-CL6 9\coLc

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP

GROUP

arnoi ri tyt unri_

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: -INrte4_ rae. \QT1C11)
_J

111. GROUP B:

GROUP C

-1A--yZaj CL\

PEON

rt
911Q



SEVENTH (RADE SCORE POINT 3

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:
\ru_e_

GROUP B: Pg- C.J4iP__en
.c)allt-

GROUP C:

(LntAk.

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: -1-CIpl 04L r StnrAl

GROUP B: 117,1 hok)e_ 4Ar.

GROUP C:

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP

GROUP C:

GA

rak;,.1 63(tr
e 641 1 (94,4
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SEvENTH (FRADE SCORE POI NT 2

4) WHAT IS THE SAME ABOU1 (HE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: tft 1Mo A )

avta
DVA14 TAN fyilit

uttAiblk(3)GROUP B: C500164 cosi_ 'A A

affkitk ,lAtegiloh
GROUP C: :AH4:111

0.1 j4J iL b
IL

ko .40 (014
IL ,

'41?%,

4,) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A: 45-4 Caeta_ cue pc aunt:1_, ,couct

AD. dfl dfaWl- 4/14141Atj '4"
GROUP 4/ all Itiolittc 111, 4.4fite °joy.

GROUP C: c/Z 44444_ jt I .41A41;21.

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREEGROUPS?

GROUP A : -7-hce4 er c. a ro,ra. C;)
GROUP B: fr C or

25 rinc,QiN ,

GROUP C:
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SEVENTH GRADE SCORE POINT 1

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

GROUP A:

GROUP B : n F
GROUP c:

3) WRITE THE LETTERS OF T E SEEDS IN YOUR THREE GROUPS.

<)-1:GROUP A:

GROUP B:

GROUP C: F.
PI)

3) WRITE THE LETTERS OF THE SEEDS IN YOUR THREE GROUPS.

GROUP A:

GROUP B:

GROUP C:

H
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V.,..sk

SUENTH GRADE SCORE POINT 1

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP

GROUP

44L51,

Sti n(i-QoA,Ulk

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUF A: 17.e rnel S
) t L

GROUP B: tquef.4-
1

iflen.sinr..4kyrtell

GROUP C: -77A,v kove n6,1,111401

4) WHAT IS THE SAME ABOUT THE SEEDS IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP B:

ei
,fre ry init4 4 /48 picep 1011jA

GROUP C: Qmd H are -CAVedip #gitcP,7- *Ye. iiteetme coity--646/



Comments on Seeds(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

seeds in any group were alike, and 21 Percent Provided two plausible

statements for each group.

This exercise can be used in a future assessment Without change.

However, it may be desirable to refine the scoring guide to distingu

between those students who provided one similar characteristic for each group

and those who provided two or more characteristics for one group and none for

another.



of

GRADE 1 1

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.

GROUP A:

GROUP B:

GROUP C:

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP B:

GROUP 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:

A = Lumbar dcg
= Cervical rabbit

C = Thoracic dog
D = Thoracic cat
E = Lumbar dog
F = Atlas dog
G = Cervical rabbit
H = Cervical dog
J = Lumbar rabbit
K = Thoracic rabbit
L = Lumbar rabbit

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

Ar.

Niro



Vertebrae (Grouping)
Station B
Grade 11 station 3

Scoring of the Written Responses

3) Score 4 pts. if the student forms the following 3 groups:

A E J L (lumbar)
B F G H (cervical)
C D K (thoracic)

Score 3 pts. if the student forms the correct groups except for the
atlas.

Score 2 pts. if the student forms one correct group.

Score 1 pt. if the student forms any three groups different from
those specified above.

Score 0 if 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 I 'nes. Score 1 pt. if the student provides an inaccurate
or irrelevant set of responses only. Score 0 if the student makes no
response.

Skills involved

In this exercise the student needs to classify 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.



Pc,p_c--sc

ELEVENTH O.RADE SCORE POINT 14

3) WRITE THE LETTERS OF THE BONESJIN YOUR THREE GROUPS.

-7- GROUP A: C ,7D,

GROUP 13: A 3-,L
GROUP C:

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

-7-GRouP A:

1"-- GROUP B:

e GROUP C:

C K

)4,

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.
L--

-:TGROUP A:

--T- GROUP B: C
GROUP C: 1. g H.G
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ELEVENTH 6.73ADE SCORE POINT 3

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

L GROUP A: A eF: L

GROUP B: B, G-, H

T _ROUP C:

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GROUP A: c
)

GROUP B: 4 >F3

L.__ GROUP C:

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GROUP A: lDv
41- GROUP B:

GROUP C:



Ft FVENTH (iRADE SCORE PoINT 2

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GROUP A: B

GROUP B: C

GROUP C: A,E,F L

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GROUP A: (.)13.71,
GROUP B:

GROUP C:

3) WRITE THE LETTERS OF THsE BONEs IN yOUR THREE GROUPS.

GRouP A:

GRouP B:

GRoup c:

219



ELEVENTH GRADE SCORE POINT 1

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GROUP A:

GROUP B:

c3-s-A. 3

GR OUP C : /--,

3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GROUP A: A E P

GROUP B: H a
GROUP C:

411 3) WRITE THE LETTERS OF THE BONES IN YOUR THREE GROUPS.

GROUP A:

GROUP B:

GROUP Cs C A.
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ELEVENTH GRADE SCORE POINT 6

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUP A : nji hoNt niAL Ibn3 pi prop?c-t-vici a_c_CLJ
IACkAte- kiole tr wiicIdle c) only-ct\ pnr4-

GROUP B: COI k 0, ,v1 A 0. Li r
hoIt cutd hiuo iorn pie pio prim

GROUP C CU/ Cx . eSq e .1-1(1d 1)1 ex cAxtra i sir 1 ciu.

?18-C-Q5 pro j ec-Fi'v-k9

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREEGROUPS?

GROUP A: 04 4:0A. stierT,4A .14, .24147-1.61C-61

04,;' JteeAPIL Airk di":1\ Ole }fArcty,
GR9pt,B; aex

an- *of (It -yeek Aved14'4=4/1-)
GROUP C : APLARAIL. 414"Nr4.- 4$1*ert 4"tfit

01+ ilgriftk, 40;:**.".

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

Gi7iy, A : ivig /1,Q( w1/40-7 1,7 --eir"-aQ

G1,07B: oKg_
ox-IL

GROUP -tot" ( GA-
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ELEVENTH (..RADE SCORE POINT 5

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

46,1u.arl
GR,7 A: cw 4)0At N4ntaa oire (1,60i-t Otil-A-hu9

1-94611/1-6441 4a4 (LL 44k wh,..h-dt1

4
rik). n ,-st* LIN d Jo a 4wo»d

c: 019 -tioA irtyrt_LA Jig,of 41 sr _442-4,614 1tk:13)
itzebiz1±11.41

Gia-t.44.-u-41,NI.4,_ 4.43A4m.

(3414, poAk L6G-t2,..47gt;1k:d

ot
dtkr.L4,,,

1)"1-()9FJ)

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP B: imattertict,601&_Ltects24±g.

GROUP C:*

tutyylL," ,

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GRou P A: LP vou In.0)04 Thai a, cer-iton , cDf'c I 01c. -44--)for..xp +tic_

The Li a tk ho...yc 0. ptkee, on emi-- portrucv:

GROUP B: 3:C= yeu kbk 4.-kgta3k hOLQ o 5 por4-n-L s (6)s

vi
cre on -1-op ,agti 4hree ey-) \A( i rio

GROUP C : 1 100 loogs ittaxxleN *K. hoi-e- Thai 41-1 hao- me-
t, V

lona P?6. Th+ Por-ftlxic-s and or-e5
IC14:
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PcNs-A
ELEVENTH (5RADE SCORE POINT 4

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUPL/Arf -PQM izones hav c.. rnckn, rmon_ pitn-tAgirvt b)-1-

rone o4 4-101,14 ore nois4rirvi ine.2

GROUP
Tytrfy.4.,0,A,

s4ands Cr3r,

GROUIF; C 1tMe50- bona katic. no+slrEld.,A0 prvi),us ',Dos cre--

Vr WS 1 ella+IAS and L6441,4.7,

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUP A : Th ey hove 1h sct kitg e -17 Fe oP
s-i-evc-ivre aro" eacA 611 110.5 he 1 ekrr hde

ri smaii

4,:c1-5,Gte.
tw. tar hilit

OtItt, vieGROUP erarlry havit CAP inrn )0,ne

Anuino nce+- fhe
GROUP C: Eatkip4= ;okq 402.

L..-/-"lesci/loornec )113 01- -Crovo Ittz Alain port
Gotack rS tk Sort- of Sfqpict.

4) WHAT IS THE
GROUPS?

GRouvP/A:

GROUP B:

SAME ABOUT THE BONES IN EACH OF YOUR THREE

(14.2, -1aVr1vve a tritiol pdtif SuppOrted
S smaniqase kvitt )cthel -two 151,10-A3 beno

TheSR. ail ha ve a Main pa 4, i( 'We 1-itz
old are up orkei b,9 wafts leis', in reuj

hpV ek r4lit41 ,210/1, GO I* A )1404?)GROUP C : -10VSt

At dtei belts,
ex+rytcw.kc? P arc&
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4) WHAT IS T
GROUPS?

GROUP A:

GROUP B:

P/'

GROUP C:

ELEVENTH r-IRADE SCORE POINT 3

HE SAME ABOUT THE BONES IN EACH OF YOUR THREE

Wecu havg prOienl'opr4 \11-0 e rOvvfV6.)

frVj(' iti hmie dng rn pre CC-

6( bOvir 4rat Sc ou4

he ie t1r c tornitinatim 9m_up A -
q)e1.4 k or 2 Will pio(r%

Widlc thaf ffiCt ouf 1-he$ 01)6
contafi) o qjiWtivi oj b aria on fr-)p

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GRov A: -1-4a 13 0/\.._)ES Grout"'
LF) 491+-5 r)+-- & 1-4C-7-7 5Lorr o si,

GRoup,B114c-Sq, etkkE. bioa, PQL-rE

1W7r SH-oc-reS to-PC cKOM. sliag;
GROUP C: iE 1)C.S. A)?) 01STIN CINt:

4) WHAT IS
GROUPS?

GROUP A:

GROUP B:

GROUP C:

THE SAME ABOUT THE BONES IN EACH OF YOUR THREE

Nic-l-ripol5hapEuihtmilnw4vbelittcerterS, Smiler
Li,* cvfMuniin3 ore 115) me planes On eiiheride.

5wAte.btsco pirht° 9tior mg prrinvi pv-i- with
an I' 0. i MUI

ethuie perfeekati ar40 -the- 6,40. 224



ELEVEN111-1 5RADE SCORE PoINT 2

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUP A: 771V 71/..e

AI.%
GROUP B: ./6.11 /4, 77> j

OJT. p.p.,' 71,4,

GROUP C:
).f,

V 4/, ,

4) WHAT IS THE SAME /ABOUT THE BONES IN EACH OF YOUR THREEGROUPS?

GROUP A: -N k4,04_ '1.4A4

41.6( vt 0,1(i p qu'A 1 cp...,\,,

, - At Les 1.--e A- sd, 51-do, e06.4 1.1 IeLacrGROUP B: Ad C-4-

e e,11: Lnct< 4 le v

4.1` 1-v"
"-G R C 6 ^ -4)11

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUP A : S '1 E, "V.t.23' tk!c4i V`,A ovA::\ Ct tyrt

\*Nier- t ha3 kitt itp \-(^ vv\c( 'tAL

GROUP 13: pics Lio '770 d5 (Jv)vrir

(SY 5 (1(1)oir -y7C1'17\2

GROUP c : " v.A-Le reb uuktik'5-(1 in,\\ d ORL
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ELEVENTH GRADE SCORE POINT 1

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GROUP A:

GROUP B:

GROUP \D j1i)J . n .)(17br)(J((

,4y) 11+1)-+- 53`r Je-Y1) LQ_ 10,(-3ynoo

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS? 401ke-,L a... ivsout tv'es- 3 M-ft-.1

GROUP A: 1," itiv., A gIl. tl 1)0,0--q (41

GROUP B:

GROUP C:

-TWO

Or-vv, 11% v.., Yu_ vs. It

cI f4x441,,c5 H

5-onni(vy cA It

wv.? ( LdVj 1701..44. L D QV1
tt- Low s vul kw- btiv's So 14 13 414 0
0-h;64 11410.( NOIrri.Arjr.

4) WHAT IS THE SAME ABOUT THE BONES IN EACH OF YOUR THREE
GROUPS?

GRoUP A: .s ,hr)..At tihe Mt2 th ape bU'cl Ole qfrh
as ,hole. r9ice The 6-1,hox3 do

GROUP B: &Davetxec .5kape LI-hej ad I icoEckle 4,
rne.).bu+ PnctrXere + Sz.e

GROUP C: zaine s\rlape. Oftgen-k--



110 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 contain thoracic, cervical, and lumbar

vertebrae in their respective groups. The Atlas is a slightly atypical

cervical vertebrae, therefore, it was anticipated that some students would

find it a problem.

For the third part of this e:ercise, 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 3,7,11

STATION 2

How DID THE AMOUNT OF SAND IN THE TUBES AFFECT THE TIME IT
TOOK FOR THEM TO ROLL DOWN TI1F SLOPE?

_HERE'S WHAT YOU DO:

1) ROLL 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) TUBE C

Now ROLL TUBE D DOWN THE SLOPE.

5) HOW DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

EXELAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.
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Activity Identification: Sand and Tubes

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 labelled 0; 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 0 should be placed close by but physically
distinct from ti other three tubes. The incline may he placed on the floor.

Servicing: Tubes should be stood up after every administration to level off
the sand.
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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 move 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 or 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
tube D rolled down the slope compared to the other tubez. Score 1
pt. for an irrelevant or incorrect statement 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 1 pt. if
the student's response is irrelevant 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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EACH
TELL

EACH
TELL

THIRD 6.RAAE SCORE POI.NT 4

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND INOF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.HOW FAST EACH TUBE ROLLED COMPARED TO THE FHEIR TUBES.

2) TUBE A wct, 1"i7110.;f
et.P1-45--4

3) TUBE B

4) TUBE Clac C. .4,25

-6s-/ co. ic Lec

41.,0 4411- L0 ce. 14 A 0 ei
(% < te.5 -1.61

WRITE DOWN IN THE SPACES BELOW
OF THE TUBES AFFECTED HOW FAST
HOW FAST EACH TU R LLED COMP

2)

3)

4)

TUBE A

TUBE B.

TUBE C

HOW THE AMOUNT OF SAND IN
IT ROLLED DOWN THE SLOPE.
ED 0 T E OTHER TUBES.

_y A4
th.e roost

41fCt

ar--4

eSS 114
Tige ti;



SEVENTH GRADE SCORE POINT 4

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND INEACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2 ) TUBE ft QLUf i rvkl- 4 1A Lst.. u-0,:. 11/4110:124--V, ' r al) -a.dvk0?

Nip olifaLt
NOW ROLL TUBE OCtit* OH1ST) j".OSICOL. ais

iLetcL,
QL cot,

WRITE DOWN IN THE SPACES BPOW HOW THE AMOUNT OF SAND INEACH OF THE TUBES AFFECTED HOW ,ST IT ROLLED DOWN THE SLOPE.TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) TUBE A 1194,_jaan.6,24124 1.41 r Afrr ,61V6-.

3) TUBE B

4) TUBE

410 Now ROLL TUBE D DOWN THE SLO

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 T(%.b A w `""teq_Ai+It- ni
Gr.

3 ) TUBE B Co6tC -Wan .N.tAN)Q- C bi)440/4itr i-lAa r klAfk4.1:1 0
4) TUBE C I)ROIMie 5; d ag 'Pr i4 vzol054

,
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EAQH
TELL

LEVENTH GRADE SCORE POINT 4

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 COMPAR D TO THE OTHER TUBES.

2) TUBE A 1611 MAO /44 LIITD .011,t/16

41111115
3) TUBE B , ..4.441111rAM

4) TUBE c JUvt.

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
fACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE.
IELL, HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) TUBE A n(ae 5anci- neoc acce_lepcoloki

3) TUBE B I eSs Slake( os_Qc-c terahrm

4) TUBE C I -eS1 Auld otewer aceeko 444

NOW ROLL 111E2 D DOWN THE SLOPE.

WRITE DoWN IN THE SPACES BELOW HOW THE AMOUNT
EACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN
TELL. HOW FAST EACH T BE ROLLED COMPARED TO THE OTH

2) TUBE A Ap-be_

*3) TUBE B 7 /.2-72_,

4) TyBE c 4.-20.51 Man -1-42e,ihTrizeatT.g..0

OF SAND IN
THE SLOPE.

ER TUBES.)

11-0

pc
5fthve.,

Ct..11
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THfR.D GitAbE 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) TUBE A

3) TUBE B

4) TUBE C

/WWI 1-e t.

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./r. ibefiv4.4,/k,

4) 'rust C

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TUBES AFFECTED HOW FAST. IT ROLLED DOWN THE SLO?E.
TELL HOW FAST EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2)

3)

4)

TUBE A Fo.,. r 6421

TUBE B

TUBE C
/

t S loiator 1-,



SEVENTH (zRADE SCORE POINT 3

\-)G.r1/4

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND INEACH 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 ) TUBE C ,T-Lato

WRITE DOWN IN THE SPACES BEL.OW HOW THE AMOUNT OF SAND INEACH OF THE TUBES AFFECTED HOW FAST IT ROLLED DOWN.THE SLOPE.TELL HOW FAST EACH TUBE ROLLED CO PARED TO THE OTHER TUBES.

2) TUBE A Zuere
3) TUBE B ALIPA1Zl-
4) TUBE C WV-elldUCat

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND INEACH 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 c-cnkea Cco%k-e}r- \coco\-N
3) TUBE B tick:0 ednwec \--\(\evr N N-30 \---Casi.er tl-Nex
4 ) T UBE c ccAedi ow ex- 4-A-Nor--.

3'



ELEVENTH (RADE SCORE POINT 3

WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND INEACH 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 if`ur/a-A- -ONIV*" 6 ck-%-tS1
3 ) TUBE B fri-01
4 ) TUBE C 9f1.0.6A- (4-V. 0S2-45\7

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 _(ad rriciCc

) TUBE B (r101 Cr,11 (y1rçJ-
4) TUBE C I i-f s Te(

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 RPLLED COMPARED TO THE OTHER TUBES.

2 ) TUBE A

3 ) TUBE B a 1144 1-2)11.ed

4 ) Tu BE C D S-rE 1 1-ed sh5,A



T.FirRD GRADE .CORE mINT Z

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

AA)-0,4t-

MIOAQ
4) TuBE c <iL 4fr° z 44&itit

AuxAt0( 7tAJ_ ec4xe4,)
Aktf2,,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-FAof EACH TUBE ROLLED COMPARED TO THE OTHER TUBES.

2) TUBE A F s
3) TUT3E B

4) TUBE C

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 -P a' -r
3) TUBE B ) o r
4) TUBE .0



I HIRD :1RADE oLORE POINT 1
VcN.As

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

3) TUBE B 4_

4) TUBE C

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 CI-
4) TUBE C

Os

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 It /00 Led l; 1.,et (44 ilVi-Velto.455,
1

3 ) TUBE B A
'4 41:51C-(il

A . 4!

4 ) TUBE C v\o, pi 1"ti_14;c1 sand...44,6.4 rdify-iso



SEVENTH GRADE SCORE POINT 1

WRITE powN 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.

9) TUBE A

3) TUBE B

4) TUBE C

WRITEDOWN 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 \ Iry 1c

3) TUBE B \kJ A
4 ) T U B C- C Ar- kLj fa)c)ACY- 4A,Ncw-N

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) TUBE C



ELEVENTH GRADE 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) TUBE A ra
3) TUBE B CckSA-t\r
4 ) TUBE C t

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 1433 a Ile -(

3) TUBE B

4) TUBE C ,

-WRITE DOWN IN THE SPACES BELOW HOW THE AMOUNT OF SAND IN
EACH OF THE TMBES AFFECTED HOW FAST IT ROLLED DOWN THE SLOPE-
TELL.HOW FAST EACH TUBE ROLLED COMPAREL TO THE OTHER TUBES-

2) TUBE A s

3) TUBE B 1-1'&7\

) TUBE C uiPs bnc.w.c.tre, CstA--) oz.14:1..0Z(2. .



TH I RD ri.RADE .SORE PO I NT 2

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

CLWA

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
ovius?

5) How DID TUBE D ROLL DOWN THE SLOPE COMPPRED TO THE
,OT ERS?



SEVENTH (3RADE SCORE POINT 2

Now ROLL TUBE D DOWN THE SLOPE.

5) ilOW DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
0 THERS?

"CLA-ae_ fr \t'C\ rv\- ok\e-3,znL- rtec. r cd\ecS c-as r r
(-N t9

Now ROLL TUBE D DOWN THE SLOPE.

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

\ \NJ o ,r\e'lk)\ p \e- ..\00

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

)1d: AAAJ Antiy4,

C9"1- 4 A Arg



ELEVENTH 5RADE SCORE POINT 2

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

I) boas odloo Ae_ s ?ecti q .5 A

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO
OTHERS?

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO.THE
OTHERS?



THI RD gRAD E SOR.E Poigr1

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

C.76d

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THGTHERS?

+ woisrrkt -r-Cereri4 -(rr.) (Y\



SEVENTH qRADE SCORE POINT 1

Now ROLL TUBE D DOWN THE SLOPE.

5) How MD TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

Now ROLL TUBE D DOWN THE SLOPE.

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?

elvAch yr
-1214

q.

Now ROLL TUBE D DOWN THE SLOPE.

5) How DID TUBE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS?ii LL/Ttab 4-odtvyi

4A121113nziALth.



ELEvurni GRADE SCORE POI iff 1

5) HOW.DID TUtE D ROLL DOWN THE SLOPE COMPARED TO THE
OTHERS? (777

A kin AAICS



THIRD G.R.ADE SCORE NI NT 2 R.ss* G

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OT/: TUBES. I

atiltrar- .01 I I L

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 THE
OTHER TUBES.



G

SEVENTH (TRADE SCORE POINT 3

EXPLAIN WHAT YOU FOUND:.

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

O sc. 0\ked, geksA-ec- kj1/4/N OI r1 t"2. C \'ne ca c.N_,<

X.C2)"\tir\Cli

C> cescg
-Viiteee'0\ ,,-6

CZ M.Ce let'ely 6 0.L.Lyc\ \,,I. (-0,0 `.\\I ok, l'Nc

CI\ d ci4 \cThave a i-VIY\n ( N
----..._:..c) \ .u,e,( \-- , ,..T. cscc..

:.

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE
OTHER TUBES.

4A444( 6r71

D 64.14

WAY IT DID COMPARED TO THE'

LecLuzi_6
jaari g-tete_ 4ezettu.e

4abe,
ce/f-G6/-\

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

WaS -ect5+321-' .i-\11 a ti bA-C, '6,2r.ccus
03s, Nno clanc -1"-k Vats5 Stoteer

xs vr9h+Q(---



SEVENTH (;RADE SCORE POINT 2

EXPLAIN WW\T YOU FUND:

6) EXPLAIN WHY FUBE D ROLLED ThE WAY IT DID COMPARED TO THE
CTHER TUBES.

roi ea. Xr\
cAr --)f--er_ 43_124_ r-Ck
(Nr, r

5 k \ivt"

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D kOLLED THE WAY IT DID COMPARED TO(fIN,..)
OTHER TUBES.

, A

A-64' Atud al41:17114(k
I

Aryt4(.1" ./xJ0 Are:74-r b.:0(

7-41140 if/Y361

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.



ELEVENTH (RADE SCORE POINT 3 Ra-c-k Cc,

EXPLAIN WHAT x212jarin:
6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE

OTHER TUBES.

1 +fin* khoS 0 and A (dew ts/inflav'
OtCa& hv 2g_ na0 %CYO VOA'S of

eNient Aire tosnri a lot of te; 0)/0
-"61I 111. 12X46 -}8 16 l

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

8 o (\A C 61 +0 czo Siv-Jer z7t4,\ci COck

51,:art.C? P'd )4-te boal vo )4p, chi

revaog nt,r arlei D
5ar\d +r) zioto Ti- 41:6).1

ELELAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE,---"`\

\iJ \Yti& \Jos
OTHtR TUBES.

1-1 -e-At1 s#0, on.X

--tAcit %PAIS cot\ 0--f --V-$Z 0 -3 \-J trZ Slovit r

\AC k1/4kYZ "klr\t`( vtrt \NAV- C-71 114, s aktki

hkkt Kr\ 4144. ic,0,1aNct 'izyzu\K

+40t vr \1Qç 4t koov, sat4 WovA \Jr-T

OVr clovo4) i4v i-vtk ckiNs" Lv\\,\."k--
A-c\-_ ozs\A-c :sAt 1-\\er( t\O ?..\A-rd, Skkuk torg tkr

ktk* fE#0, +4 Lc pr. OA, Ao ottct D

Ka* 4t-Tot. ti



ELEVENTH (RADE SCORE Ponrr 2

Expi_AIL/BATys() FOUND:

6) EXpLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THEOTHER TUBES.

,SrotA Ci RA.cuttK±A

qtt\ULA Milk1 A opi_cpat )69 f_.t (h
\)9-ILLIaNO

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED To THE
OTHER TUBES.

D o q j becausc
4.45, 01-4,p, 1-0605 AraO fyr) pan Keil/ 4.1

ri II t wi4, s.and made -cher simnel!

Cc,

EXPLAIN WHAT YOU-FCUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED To THE
OTHER TUBES.

Z7 0.4*. A04. "LP 44r
.4,92_44 .i4,42-434 jc 4,;(2..Y at.,,R.is_ ti,e. "9..7



(z,

THIRD RADE SCORE POINT 1

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO T
OTHER TUBES.

er e e

6) EXPLAIN WHY TUBE D ROLLED HE WAY IT DID COMPARED TO THE
OTHER TUBES.

z4;w1A,,

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO T
OTHER TUBES.

r ri
h a -°f; h cog fire 0 itlY0 %Vitt' QS

A



SEVENTH SPADE SCORE POINT 1

EXPLAIX_WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

EXELAIILYBAI_/DM_EURE:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

Aaaw 141

EXPLAIN WHAT YOU FUND:

6) EXPLAIN WHY TUBE D ROLLED LHE WAY IT DID COMPARED TO THE
OTHER IrUBES.



ELEVENTH GRADE SCORE POINT 1

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES.

cc.

EXPLAIN WHAT YOU FOUND:

6) EXPLAIN WHY .TUBE D ROLLED THE WAY IT DID COMPARED TO THE
OTHER TUBES'.
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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 roiled by rolling each tube down an

incline and observing the results. Students were asked to note the results,

and 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 extremely well suited

to making observations and drawing conclusions about the relationship between

the amount of sand in the tube and how fast it rolls. Yet, 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 tOes 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 included 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.



Finally, it was suggested that this activity might be group or computer

administered. 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 idea and apparatus for Sand and Tubes is appropriate for

use in an assessment at all three grade levels. The format of parts 2-4

should be revised so that it does not dis.courage 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 wily tube D does not fit

the established pattern would be acceptable, if there is a way to record

students' initial hypothesis about tube D, The consultants seemed quite

confident that students would rrese these hypotheses if they difter,!d from

their subsequent observatiLns. This activity should be reteged revised.

It could be a computer simulation or administered usinq a computer plus a

videodisc, and, if not that, perhaps group administation with much larger

tubes for demonstration by the administrator.
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GRADES 3,7,11

STATION 2

Do THE CAN AND THE FUNNELS ROLL DIFFERENTLY AT POINT A?
AT POINT B?

HERE'S WHAT YOU DO:

1) PUT THE CAN ACROSS THE TWO PIECES OF WOOD AT POINT A,
LET GO AND WATCH WHAT HAPPENS.

2) PUT THE CAN AT POINT B, LET GO AND WATCH WHAT HAPPENS.

3) PUT THE IWO FUNNELS THAT ARE STUCK TOGETHER AT POINT A,
LET GO AND WATCH WHAT HAPPENS.

4) PUT THE TWO FUNNELS AT POINT B, LET GO AND WATCH WHAT
HAPPENS,

WHAT DID YOU Fan:

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
D FFERENTLY.



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 funnels; a

wooden board with two diverging rails and points at opposite ends la;,elled 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



1/

Scoring Guide

Rolling Funnels
Stai.lon 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 and the funnels roll differently for a maximum of 3pts. Scoreable responses would include the following: 1) the funnels rolluphill 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

ln this exercise the student must make comparisons and contrasts between
specific observations (i.e., the can and the funnels).
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THIRD qRADE SCORE POINT 4 Y'4=44A-k

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED

DIFFERENTLY.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFP,ENTLY.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED Z)DIFFERENTLY.
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SEVENTH GRADE SCORE Po I NT 4

5) WRITE DOWN THE WAYS THAT THE CAN AND THE
DIFFERENTLY-

C.CA,An

FUNNELS ROLLED
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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ELEVENTH GRADE SCORE POINT 14

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLN.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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THIRD GRADE SCORE POINT 3

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED 25DIFFERENT%Y.r--
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFEREPTLY.
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5) WRITE DOWN THE WAYS THAT Trf4.: CAN AND THE FUNNELS ROLLED
DFIFERENTLY.
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SEVENTH (:RADE SCORE Pourr 3

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY-
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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DIFFERENTLY.
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ELEVENTH (-;RADE SCORE POINT 3

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.

rhe alt) htg" 395

Is/Piot lo 4+A e C4 we_

Ik oeliqrt ien7(,sp

,Ez hirfre' 74/ cp

ems',

rtio,V hied As, I
/tot, ,to tolic 41;4 4e. 4fraoiceolfiffe-f-
/910e,.

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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THik1D GiRADE SC6RE P6INT 2

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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5). WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED !L.,
DIFFERENTLY.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
FFERENTLY.



SEVENTH (=RADE SCORE POINT 2

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLD
DIFFERENTLY.
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ELEVENTH GRADE SCORE PoINT 2

5) WRITE DOWN THE WAYS THAT THE CAN
DIFFERENTLY.
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AND THE FUNNELS ROLLED
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TH I RD GRADE SCORE Po I NT .1

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY-
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFERENTLY.
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ELEVENTH GRADE SCORE POINT 1 vc,4

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLEDDIFFERENTLY.

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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ELEVENTI-I GRADE SCORE POINT 1
Vc5.4--A

5) WRITE DOWN THE WAYS THAT THE CAN AND THE FUNNELS ROLLED
DIFFERENTLY.
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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

obqervational only. Thus, it was suggested that after the students roll 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 predictions.

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.



GRADE S 3 , 7

STATION 5

How DOES THE WIG-WAG MOVE WITH THE DIFFERENT BLOCKS IN THE TRAy?

THIS IS A WIG-WAG. PUSH THE END OF THE TRAY SIDEWAYS A BIT AND
THEN LET GO. Do YOU SEE WHAT HAPPENS? THIS IS THE REASON WE
CALL IT A WIG-WAG.

HERE'S WHAT YOU DO:

1) LOOK AT THE BLOCKS LABELLED A, B, C, AND D.

2) LIFT EACH BLOCK ONE AT A TIME. WHAT DO YOU NOTICE ABOUT
THE BLOCKS?

3) PUT ONE OF THE FOUR BLOCKS IN THE TRAY AND MOVE THE
WIG-WAG. NOTICE HOW THE WIG-WAG MOVES. Now TRY WITH
THE OTHER BLOCKS.

4) DESCRIBE THE RELM,ONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-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
lead labelled A, one block of aluminum labelled B, one block of wood labelled
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



Wig-Wag
Station B
Grade 3 - station 5

7 - station 4

Scoring of the Written ResponPes

4) Score 3 points if 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 should be taken if the relationship
is expressed graphically). Score 2 points if 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 relationship can be deduced by
comparing and contrasting how changes in the independent variable (i.e., the
weight of the block) bring about changes in the dependent variable (i.e.,
rate of movement of the Wig-Wag).



TH I PD GRADE `,;(1.0PE OINI"

ElflAall4HT YOU FOUND:

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF -HE
BLOCKS AND HOW THE WIG-WAG MOVES.
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EXPLAIN WHAT YOU FOUND:

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES.
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SEVENTH (RADE SCORE POINT 3

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES.
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4

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES.
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4) DESCRIBE THE RELATIONSHIP BETWEEN THE-WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES.
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TH I RD (iRADE SCORE POI lc- 2

EXPLAIN WHAT YOU FOUND:

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES.
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EXPLAIN WHAT YOU FOUND:

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THEBLOCKS AND HOW THE WIG-WAG MOVES.
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4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES.
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SEVENTH RADE SCORE POINT 2

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WIG-WAG MOVES.
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4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE
BLOCKS AND HOW THE WI.G-WAG MOVES.
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IHIRD riRADE SCORE !JOINT J.

! EXPLAIN WHAT YOU FOUND:

1

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE

BLOCKS AND HOW THE WIG-WAG MOVES.
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4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGH7 IHE

BLOCKS AND HOW THE WIG-WAG MOVES.
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SE3TH rfADE SCORE [big 1

Vac:k

4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGU OF THE

BLOCKS AND HOW THE WIG-WAG NOES.

4) PESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE

BLOCKS AND HOW THE WIG-WAG MOVES.
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4) DESCRIBE THE RELATIONSHIP BETWEEN THE WEIGHT OF THE

BLOCKS AND HOW THE WIG-WAG MOVES.

VNO. Uile4 0

\A4

281



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 observations 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 indi,;ate 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 (jraders were able to observe and accurately note the

relationship between the weight of the block and the rate of movement of the

Wig-Wag.

The panel suggested that amplitude is also an important aspect of this

acr.k,ity 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 Oservations 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 recommended for use in future

assessments 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 COMPUTEi- 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 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 adMiiiistration and reset the program at the end of each administration.

Servicing: None required
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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 tomputer 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 prog,-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 circles (I or 2)?

The computer takes (some number) circles.

Note: After each game the computer will display one of the following.
Hooray, you win! (if the student wins) or Sorry, maybe you'll win anothertime! (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 moregames.

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 you start orthe 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 I 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 three circles
left.

If there were four circles left and it was your turn, how many would you
need to cross out to be sure to win?

Press I 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.



The Circle Game
Station B
Grade 3 - station 1

Only responses to questions rill be scored, but a tally and notes will be
kept on evidence of developing strategies and inconsistencies in sampling
behavior.

1) Is there a way you can play so that you can 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 (no).
Score 0 for no response.

3) If there were 3 circles left and it was 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 tlwre were four circles left and it was your turn, how many would
you need to cross out to be sure 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 formulate hypotheses and develop a
strategy to solve a mathematical problem.
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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 chooses 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 strategy 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 one 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 we're playing.

Based on review of the limited records on the disks, it seems that the

student understood how to play. Although there was 'little 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 programoed 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.



The program also needs revision. Some suggestions for revisions are to

tell students 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 summary, 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.



GRADES 7,11

STATION 1

You ARE GOING TO PLAY THE NUMBER GAME WITH THE COMPUTER. THE
COMPUTER WILL TELL YOU WHAT TO DO AND YOU WILL PUT ALL YOUR
ANSWERS INTO THE COMPUTER.

e

ir



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 administratio..; and reset the program at the end of each administration.

Servicing: None required

4.1

Remember
Press the RETillik key' eifei*,

you "
enter a number or answiiiSI-

-. - a queationt,



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. Each 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. It's been fun.



Comments on the Numbers Gn... 'ades 7 and 11)

This exercise is a computer-administere6 rical reasoning game based

on the mathematical game NIM and similar tr.. 'cle Game for grade 3. At

grades 7 and 11, the game is explained in words on the computer screen and

students play without the visual aid of the circ-les being crossed out. The

questions after the games are also 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 11. 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 liked 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) PLASTIC

B) PAINTED WOOD

C) BRICK

D) METAL

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 CLOSELY.
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) WRITE 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 transpamnt, 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 Iould be wiped
off all the surfaces after each administration for each child. The brick and
roof tile should be replaced after every other administration if possible.
All materials should be turned over after they have wiped off before each
administration.

Servicing: None required



Water on the Brick
Station A
Grade 3 - station 6

Scoring of che Written Responses

2) Score 1 pt. for each accurate (or seemingly plausible) observation
starting with code pt. 2 of how the waters act on eas.A1 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. if the student provides an
erroneous hypothesis about how the water will act on the unknown
material. Score 0 if the student makes no response.

6) Score 2 pts. if the student is able to provide a plausiL 2 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. if the student responds but
does not provide a plausible reason why the water will act a certain
way on the unknown material. Score 0 if the student makes no
response.

Skills involved

In this exercise the student needs to generalize inferences about a
"known" set of entities to an "unknown." The basis for this generalization
are the comparisons and contrasts made among the "known" stimuli.



THIRD riRADE 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
MATERIALS.

B)

C)

D)

PAINTED

BRICK

METAL

iHE

E) ROOF SHINGLE g fc-tt- / e
F) GLASS YO(-1 ca/i ffe,r/rly5(eit,

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

B) PAINTED WOOD /7bcf 1//i

c) BRICK

D) METAL il- jefS 7/-he_12e11-4/

E) ROOF SHING E _SO

(1,F) GLASS fqkir)or,r5
THIRD GRADE SCORE POINT 7

1) PLACE A DROP OF WArER ON EACH MAT"

2) LOOK CAREFULLY- WHAT DO YOU SEE?
WRITE DOWN WHAT HAPPENS TO THE WATER 1N EACH OF THEMATERIALS.

PLASTIC )010/hdif,A)

B)

C)

D)

E)

PAINTED WOOD n

BRICK 'Paaro_s ye>4 Cahli
METAL The- dre,p oite./5

ROOF SHINGLE --E1- -(C{ de'S -SO In 14

F) GLASS 11-- -151k1Y5 i126 50in.ff,
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THIRD (3RADE SCCE POINT 2

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT A DROP
OF WATER ON THE MATERIAL IN THE BAG.

I a 500i1;\ 4-hrey24A

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT A DROOF WATER1ON TH5 MATERIALIIN THE BAG.

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN iF YOU PUT A DROP
OF WER ON THE MATERIAL IN THE BAG.

I tAi O I

H-



TH I RD 5RADE SCORE POI NT 1

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT A DROP
OF WATER ON THE MATERIAL IN THE BAG.

/

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT A DROP
OF WATER ON THE MATERIAL IN THE BAG.

C-1)

5) WRITE DOWN WHAT YOU THINK WOULD HAPPEN IF YOU PUT
OF WATER ON THE MiTERIAL IN THE BAG.

w get- ci-e er,
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TH I RD (:RADE SCORE PO I NT 2

EXPLAIN:

46) WRITE DOWN WHY YOU THINK THIS WILL HAPPEN. ,b e ca

0 r s--Q-ep
ob,J.QC-\-1

c -F

EXPLAIN:

6) WRITE DOWN WHY YOU THINK THIS WILL HAPPEN. 1

sne'ked÷hromil the
8rick nd 1; sh ti 1-e-A,d IP
iz ry\ot cy-C 4-4 e (Speamer

aELAIN.:

6) WRITE DOWN WHY YOU THINK THIS WILL HAPPEN.

rQJ
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TH I RD riRADE SCORE PO I NT 1

EXPLAIN:

6) WRITE DOWN WHy YOU THINK THIS WILL HAPPEN.

Wat e frq 5 7-hifp

EXPLAIN:

6) WRITE DOWN WHY YOu THINK THIS WILL HAPpEN.

_if I

EXELAIa:

6) WRITE DOWN wHY yOu THINK THIs WILL HAPPEN.

)
i3 /5 c/C_Sed
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Comments on Water on Brick (Grade 3)

Part 2 of this exercise, which calls 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 poor 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

ask 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.



GRADES 7,11

STATION 6

How CAN YOU BALANCE THE BALANCE BEAM?

HERE'S WHAT YOU DO:

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?

2) Now REMOVE THE WASHER FROM ,HE BALI,NCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. IF T-.E MASS OF EACH WASHER
IS 10 GRAMS, WHAT IS THE MASS OF TnE PLASTIC CYLINDER?

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DID
YOU HANG THEM?



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 before 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. if the student provides the correct answer 3. Score 1
pt. if the student makes ay incorrect response. Score 0 if the student makes
no response or indicates that she or he doesn't know the answer.

(grade 7)

2) Score 2 pts. if the student states that the mass of the plastic
cylinder is 30g. Score 1 pt. if the student makes an incorrect response.
Score 0 if the student makes no response.

(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, 4; 1 on
peg 3, 1 on peg 6; 1 on peg 4, 1 on peg 5; 1 on peg 1, 1 on peg 2, 1 on peg 6.

Score 1 pt. if the student provides an irrelevant or incorrect
response. Score 0 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 involved

In this exercise students need to determine the relationship between two
variables. This determination needs to be made by simultaneous manipulation
of variables and also by holding one of the variables constant.



SEVENTH (TIRADE SCORE POINT a_

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?

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?

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WKICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVO1 ?OiNT, MUST YOU
HANG ONE WASHER TO MAKE THE BALANCE BEAM LE/EL?

tior
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ELEVENTH GRADE SCORE POINT 2

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WHICH HOOK,COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST YOUHANG ONE WASHER TO MAKE THE BALANtE BEAM LEVEL?'

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WHICH HOOK,
COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST YO
HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

cbr&

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WHICH HOOK,COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST YOUHANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

r-Sit hook!



SEVENTH GRADE SCORE POINT 1

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?

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?

1) PLACE ONE WASHER ON THE BALANCE PAN- ON WHICH HOOK,COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST YOUHANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?

J6-NIL --Eir CrIc\-11.



ELEVENTH GRADE SCORE POINT 1

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?

Tfl S. Z.1 A

1) PLACE ONE WASHER ON THE BALANCE PAN. ON WHICH HOOK,COUNTING TO THE RIGHT FROM THE PIVOT POINT, MUST Y U-HANG ONE WASHER TO MAKE THE BALANCE BEAM LEVEL?



SEVENTH RADE SCORF POINT 2

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?

3 a

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 CF THE PLASTIC CYLINDER?

Ar)q_ krktslic I n aarrn6

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

CdfriuM5



ELEVENTH GRADE SCORE POINT 2

2) NOW REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THEPLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOURUVIT OF MASS2 THE MASS OF THE PLASTIC CYLINDER IS HOWMANY WASHERSY

4-D OLS \A. e)C2

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THEPLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOURUNIT OF MASS2 THE MASS OF THE PLASTIC CYLINDER IS HOWMANY WASHERSY

.1;! sh e-r-S A4,42 (/),

2) NOW REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
PLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOURUNIT OF MASS, THE MASS OF THE PLASTIC CYLINDER IS HOW

C7D-

MANY WASHERS?

a,s hers
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SEVENTH GRADE SCORE POINT 1

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THE
FLASTIC CYLINDER ON THE PAN. IF THE MASS OF EACH WASH
IS 10 GRAMS, WHAT IS THE MASS OF THE PLASTIC CYLINDER?

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 CYLIND

q 0 IT- apit, 5

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')

312



ELEVENTH GME SCORE POINT 1

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THEPLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOURUNIT OF MASS, THE MASS OF THE PLASTIC CYLINDER IS HOWMANY WASHERS?

waski_r

2) Now REMOVE THE WASHER FROM THE BALANCE PAN AND PUT THEPLASTIC CYLINDER ON THE PAN. USING THE WASHER AS YOURUNIT OF MASS, THE MASS OF THE PLASTIC CYLINDER IS HOWMANY WASHERS?

2) Now REMOVE rHE 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 HOWMANY WASHERS? 3-4 1...x411,erz
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SEVENTH 5RADE SCORE POINT 2 RGA

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DIDYOU HANG THEM?

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DIDYOU HANG THEM?

Kt 1

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(t) DIDYOU HANG THEM'
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ELEVENTH GRADE SCORE POINT 2

3) HOW MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DIDYOU HANG THEM?

L_%) e.(:1 5 takl,S Ka), ctiAci

crN.) S r h o

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DID

I o n
YOU HANG THEM?

cotr-)

o( 3 \A

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DID
YOU HANG THEM?

atsb vvtntS `-f V4-S624.
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SEVENTH SPADE SCORE POINT 1

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DID
YOU HANG,THEM?

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DID
YOU HANG THEM?

3) How MANY WASHERS DID YOU USE AND ON WHICH HOOK(S) DID
YOU HANG THEM?

tc



ELEVENTH GRADE SCORE Po I NIT 1

3) How MANY WASHERS D!D YOU USE AND ON WHICH HOOK(S) DID
YOU HANG THEM?

1 3 )

3) HOW MANY WASHERS DID YOU USE AND ON wHICH HOOK(S) DID
YOU HANG THEM?

ut5od 3uxr, s OlaccrIg -141-ern on , 3c4 , anct

\oozS

3) How MANY wASHERS DID YOU USE AND ON WHICH HOOK(S) DID
YOU HANG THEM?
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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 about 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 scale 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 I, 3, and 5 or I, 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

HERE'S WHAT YOU

How MANY BLOCKS ARE IN THE STAIRCASE?

ARE IN

HIGH?

DO:

"STAIRCASE" OF BLOCKS.

IS 4 BLOCKS HIGH. HOW MANY BLOCKS

WOULD BE IN A STAIRCASE 6 BLOCKS
FIGURE OUT YOUR ANSWER?

1)

2)

3)

4)

5)

LOOK AT THE

THE STAIRCASE
THE STAIRCASE?

How MANY BLOCKS
HOW DID YOU

HOW MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?



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: Potential re-gluing of blocks onto staircase if they should become
loosened or dislodged from the base.



Double Staircase
Station A
Grade 3 - station 5

7 - station 5
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 show 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.

5) 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 is2
specified). Scoreable responses would2include the following: 2n or
n x n for a staircase n blocks high; h or h x h; n h x h; ipth ; The
number 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 statements 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
mathematical relationship. This relationship can be deduced by making
generalizations based on the student's findings.



THIRD GRADE SCORE POINT 1

1) LOOK AT THE °STAIRCASE° OF BLOCKS.

2) THE STAIRCASE IS 4 BLOCKS HIGH. How MANY BLOCKS ARE IN
THE STAIRCASE?li

THRD 6Wki poiiiff 2

1) LOOK AT THE °STAIRCASE° OF BLOCKS.

(15
2) THE STAIRCASE IS 4 BLOCKS HIGH. How MANY BLOCKS IN

THE STAIRCASE? 1)

THIRD GRADE SCORE POINT 3

1) LOOK AT THE °STAIRCASE° OF BLOCKS.

2) THE STAIRCASE IS 4 BLOCKS HIGH. How MANY BLOCKS ARETHE STAIRCASE?
16



SEVENTH GRADE SCORE POINT 1

(Ar

2) THE STAIRCASE IS 4 HIGH. How MANY BLOCKS ARE IN
THE STAIRCASE? ;K1 N

SEVENTH GRAD,E SCORE POINT 2

2) THE STAIRCASE IS 4 S HIGH. How MANY BLOCKS ARE INTHE STAIRCASE? /3

SEVENTH (:RADE SCORE %Tiff 3

2) THE STAIRCASE IS 4 How MANY BLOCKS ARE INTHE STAIRCASE?(V

P



2) THE STAIRCASE IS 4 Br HIGH. How MANY BLOCKS ARE INTHE STAIRCASE? to t .

ELEVENTH 5RADE SCORE POINT 2

2) THE STAIRCASE IS 4 B

(
OC HIGH. HOW MANY BLOCKS ARE INTHE STAIRCASE?

ELEVENTH F:RADE SCORE POINT 3

2) THE STAIRCASE IS 4 BLOCKS HIGH. MANY BLOCKS ARE IN.
THE STAIRCASE? go ja4464. 3
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THIRD GRADE SCORE Ponfr 3

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

044pfA gkrizs- poi ocW.04-061.

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?3e5
HOW DID YOU FIGURE OUT YOUR ANSWER?"

6 0 ch_
0 4 16 GU CIG OL

_

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DU} YOU FIGURE OUT YOUR ANSWER?
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SEVENTH C-RADE SCORE %HO' 3

3) HOW MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

3 (0 1110\f- sf 74 uost \IN1 )
VI- 4 0 troJ .

3) How MANY BLOCKS WOULD BE IN A svii-aexft 6 BLOCKS HIGH?How DID YOU FIGURE OUT YOUR ANSWER?

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
. How DID YOU FIGURE OUT YOUR ANSWER?'
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ELEVENTH ("RADE SCORE 1:)0INT 3

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

4V-4-1ed C

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

ILI

arra- Sertzt-ire G ere.V5 CO\ e-A-C

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

ha (- e cia;
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POIi,ir 2

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU F GURE OUT YOUR ANSWER?

"2--)

3) How MANY BLOCKS WOULD BE IN A-glAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?



SEVENTH f;RADE SCORE POINT 2

. 3) How MANY BLOCKS WOULD BE IN A STAIRCASE $ BLOCKS HIGH?
PlW DID YOU FIGURE OUT YOUR ,NSWER?

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

,5(s)

3) How MANY BLOCKS WOULD BE IN A STAIRCP1E 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER? 10

.

»)



ELEVENTH (RADE SCORE POINT 2

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

1;

3) How MANY BLOCKS WOULD BE T.N A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER? 3(49
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THIRD 5RADE SCORE POINT 1

-

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

bel- G 1kcVs: \9N

11121IM

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 ,BLOCKS HIGH?How DID YOU FIGURE OUT YOUR ANSWER?

T ocide d
{.

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?How DID YOU FIGURE OUT YOUR ANSWER?

), ratAik



SEVENTH qRADE SCORE POINT 1 R.A-3

3) How MANY BLOCKS'WOUL11-13E IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIaURE OUT YOUR ANSWER?

. (Ad on 41 -1--.1r1-.e.c16
'(e) 1 D C

3) How MANY BLOCKS W6bt1BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER?

a( T I/7 the row '

Ie'i
L7/ /CD

79)A" Ato

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID Yeti FIG RE OUT YO R ANSWER?

/ / /
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ELEvarm GRADE SCORE POINT 1

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER? 1244

43CLCAO.0444re )(44 0441# IG 4.41. LIA (o :4, (*4

3) How MANY BLOCKS WOULD BE IN A STAIRCASE 6 BLOCKS HI
How DID YOU FIGURE OUT YOUR ANSWER?

..Atav mad,

3) How MANY BLOCKS WOULB-SFIN A .STAIRCASE 6 BLOCKS HIGH?
How DID YOU FIGURE OUT YOUR ANSWER? a\
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THIRD GRADE SCORE POINT 3

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

10 0 IN 6461ily E

THiRD GRADE SCORE POINT 2

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSW R?



SEVENTH PRADE SCORE POINT 3

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

/DO

4) HOW MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

C3)

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?
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ELEVENTH (=RADE SCORE PoINT 3

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?
- Q-1-4-et 4001,- Iô..x _

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH?. How DID YOU FIGURE OUT YOUR ANSWER?

4) How MANY BLOCKS WOULb YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?
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SEVENTH GRADE SCORE POINT 2

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10BLOCKS HIGH? HOW DID YOU FIGURE OUT YOUR ANSWER?
,

44/64A Imiti lad beeedi

4) How MANY BLOCKS WOULD YOU NE1ED TO BUILD A STAIRCASE 10BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

/ 0

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

100



ELEVENTH GRADE SCORE Po Kr 2

4) HOW MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

/041'8+g4-/s/0-/Z /04-8ob+Li r2,
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C600& acMeg? wron.3

4) HOW MANY BLOCKS WOULD YOU NEED TO BUILD A
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR

00

S RCASE 10

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? HOW DID YOU FIGURE OUT YOUR ANSWER?
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THIRD (.:IRADE SCORE POBIT

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
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 YOU FIGURE OUT YOUR ANSWER?

10 x8- =

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

r,r) owl e one
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SEVENTH GRADE SCORE POINT 1

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

C\
cum/(a etv-e 4-0 g I

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? Hov DID YOU FIGURE OUT YOUR ANSWER?

55-, pot- )ot ri rOW
Ctal

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?
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ELEVENTH GRADE SCORE Po I NT 1

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
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 YOU FIGURE OUT YOUR ANSWER?

jaK `z_q_L±10 -12-

4) How MANY BLOCKS WOULD YOU NEED TO BUILD A STAIRCASE 10
BLOCKS HIGH? How DID YOU FIGURE OUT YOUR ANSWER?

( 0 13,4 i3 a
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SEVENTH ("RADE SCORE POINT 2

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

)42 ../6),ertzia

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

,2-eprie( 46 4-iv

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

C5L,
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ELEVEITM GRADE SCORE Po i NT 2

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGFT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

k.0 m'Ahl 04 (v---e
v,

1\]

&

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

-0 h-ei9114 of clair_f_6 cs_f_ciderjrrires. 14-e
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THIRD. (3RAD-E SC6RE POI.NIT

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

The 6111 need on \Jer-) nurnize

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BU

i
LD IT?

l G)
\I

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF AN%
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?
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SEVENTH SPADE SCORE POINT 1

5) WHAT IC THE RELATIOhSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND HE NUMBER OF BLOCKS NEEDED TO BUILD IT?

jth 43. .7*Qt4t 07-fe cek3 -1/40%v)
rnOkr-e \or\( 'h,

5) W_HAT IS THE RELATIONSHIP BETWEEN THE HEIGH{ OF ANY
STAIRCASE A:D THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

/

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT9

"Th
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ELEVENTH GRADE SCORE POINT 1

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?

i216 UZI\ 'O.\ Jr 0.\
ckA tc lt\'Z L\it tdick

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT

0

-40m 01.1

bLca& KQcLA

5) WHAT IS THE RELATIONSHIP BETWEEN THE HEIGHT OF ANY
STAIRCASE AND THE NUMBER OF BLOCKS NEEDED TO BUILD IT?
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Comments on Double Staircase (Grades 3, 7, and 11)

In this exercise, students need to derive a generalized formula to

determine how many blocks are needed to build a staircase of any height. The

students are intended to derive this formula (expressed either as a numerical

equation or a statement) as they progress through a series of steps presented

in the problem.

Students were provided with a permanently assembled "staircase" four

blocks high and enough loose blocks to build the staircase up to one 6 blocks

high, but not enough for one 10 blocks high. The "double staircase" was built

with the two sides at right angles to each other so that, from the front, only

the top block of the single column of 4 blocks shows. Thus, only 13 of the 16

blocks were visible from the front.

The inadvertent omission of a line for the response to the first question

about the number of blocks in the staircase affected the data for that

question, particularly at grade 3 where 50 percent of the students did not

respond.

The exercise was too aifficult for third-grade students. Of the 54 third

graders who answered the first question, 23 were correct, 15 said 13 blocks,

and 16 gave some other incorrect response. Very few responded correctly to

any of the other parts of the exercise.

At grade 7, of the 100 students who answered the first question, 52

answered it correctly but 23 apparently ignored the hidden three blocks. In

comparison, at grade 11, of the 84 who answered the question, 69 were correct

and only 8 gave the response of 13 blocks. There is evidence of cevelopmental

change from seventh to eleventh grade in the sample data. For example, the

maximum score on the 6-block question was achieved by 69 percent at grade 11

compared to 25 percent at grade 7. Fifty-nine percent of eleventh graders

- 347



compared to 20 percent of seventh graders were successful in making the

10-block extrapolation. Sixty-four percent at grade 11 were able to make the

generalization for any height compared to 19 percent at grade 7.

A minor change in wording was suggested for any future use; namely, to

call this a two-way staircase and to ask in each question how many blocks are

needed to build a two-way staircase like this. It also was suggested that the

wording of the last question be tightened to avoid potential confusion about

the term "any staircase." This exercise is recommended for future use in

grades 7 and 11 with minor wording changes, but not for grade 3.
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GRADES 7 , ii

STATION 5

WHAT DO YOU NOTICE ABOUT THE TUBEs, AND
HOW FAR THE LIQUID GOES UP THEM?

HERE'S WHAT YOU DO:

1) LOOK CAREFULLY AT THE TUBES IN THE COLORED WATER. Do
NOT REMOVE THEM FROM THE WAIER.

WHAT DID YOU FIND:

2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?

Now LOOK CAREFULLY AT TUBE X THAT IS ON THE TABLE. Do NOT PUT IT
IN THE WATER.

EXPLAIN:

3) How FAR WOULD YOU EXPECT THE LIQUID To GO UP IN TUBE X?
WHY DO YOU THINK SO?

341i



Activity Identification: Tubes and Capillarity

Grade(s): 7,11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Biology, Chemistry

Apparatus required: 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. Stock liquid should be kept out of view of the student.

Administration: All materials should be set on a mat of white paper. Tubes
A, B, C, D, and E should be lined up next to each other in the beaker of
colored water. Students should be reminded not to take these tubes out of the
water. Tube X should be placed alongside but not in the beaker. Tubes should
be dried off, if necessary at the end of each administration. The fluid level
in the beaker should be at a constant le\,el for all administrations.
Concluding each session, all tubes shold be cleaned with water Ind then with
acetone.

SPrvicing: None required



Tubes and Capillarity
Station B
Grade 7 station 5

11 station 5

Scoring of the Written Responses

2) Score 3 pts. if the student makes an accurate generalization about
the relationship between the diameter of the tube and how far the
liquid travels up it. Score 2 pts. if the student makes an accurate
statement about how far the liquid will travel up a given tube or set
of tubes, without making a generalization across all tubes. Score 1
pt. if the student provides an erroneous generalization, an
irrelevant response or a description only. Score 0 if the student
makes no response.

3) Score 3 pts. if the student provides a plausible hypothesis about how
far up the tube the liquid will travel and why. Score 2 pts. if the
student provides a plausible explanation or prediction but not both.
Score 1 pt. if the student provides an inaccurate explanation or
prediction or both. Score 0 if the student provides no response.

Skills involved

In this exercise the student needs to note the relationship between two
variables. This relationship can be deduced by making detailed observations,
by noting how changes in the independent variable affect changes in the
dependent variable, and then, by deriving a generalization for an "unknown."



SEVENTH (RADE SCORE %INT 3

2) WHAT DO YOU NOTICE ABOUT THE TUBET, AND HOW FAR THE
LIQUID GOES UP THEM?

e e la/ t
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_lk_aN2je A f-311

it Welt

2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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ELEVENTI-I rRADE SCORE POINT 3

2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM? cr cvnnEll."
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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SEVENTli rIRADE SCORE POINT 2

2) WHAT DO YOU NOTICE ABOUT THE TUBES; AND HOW FAR THE
LIQUID GOES UP THEM?

+110. irrN
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2) WHAT DO YOU NOTY.CE ABOUT THE TUBES, AND HOW FAR THE
LIODID GOES UP THEM?

-J&D 143 01/4..9S
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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ELEVENTH (RADE SCORE POINT 2

2) V'clAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HnW FAR THE
LIQUID GOES UP THEM? . ijkl tubt
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THELIQUID GOES UP THEM? L 4,173Es
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SEVENTH g.;PADE SCORE POINT 1

2) WHAT DO YOU NOTICE ABOUT THE
LIQUID GOES UP THEM?

jr\Not-
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TUBES, AND HOW FAR THE
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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2) WHAT DO YOU NOTICE ABOUT THE TUBES,-AND HOW FAR THELIQUID GOES UP THEM?.



ELEVENTH (RADE SCORE POINT 2

2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
. LIQUID GOES UP THEM?
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THE
LIQUID GOES UP THEM?
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2) WHAT DO YOU NOTICE ABOUT THE TUBES, AND HOW FAR THELIQUID GOES UP THEM?
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SEVENTH (RADE SCORE POINT 3

3) How FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X
WHY DO YOU THINK SO?
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3) How FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHY DO YOU THINK SO?
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3) How FAR WOULD YOU EXPECT THE
WHY DO YOU THINK SO?
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ELEVPITH PRADE SCORE 130INT 3

3) How i-AR 40Utn YOU EXPECT THE LIOU/D TO GO UP IN TUBE X?
Wily DO YOU 1HINK SO?
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3) HOW FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHy DO YCU THINK SO?
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3) HOW FAR WOULD YOU FXPECT THE LIQUID TO 60 UP IN TUBE X?
WHy DO YOU THINK SO?
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SEVENTH FIRADE StORE POINT 2

3) HOW FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHY DO YOU THINK SO?

3) HOW FAR WOULD YOU EXPECT THE LIQUID TO GO UP
WHY DO YOU THINK SO?

'S)-t

IN TUBE X?
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3?
How FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHY DO YOU THINK SO?
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ELEVENTH GRADE SCCRE POINT 2

3) How FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHY DO YOU THINK SO?
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Leo 1-eNtto

3) How FAR won]) YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHY DO YOU THINK SO?
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3) HOW FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?WHY DO YOU THINK SO?
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SEVENTH SRADE SCORE POINT 1 Vc,s-A

3) HOW FAR WOULD YOU EXPECT
WHY DO YOU THINK SO?

bp,4

THE LIQUID TO GO UP

frIffl e,

IN TUBE X?

y

3) HOW FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHY DO YOU THINK SO?

19 &-t,a-.

3) HOW FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBE X?
WHY DO YOU THINK SO?
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ELEVENTH GRADE SCORE POINT 1

3) HOW FAR WOULD YOU EXPECT THE LIQUID Ti GO UP IN TUBE X?
WHY DO YOU THINK SO?
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3) HOW FAR WOULD YOU EXPECT THE LIQUID TO GO UP IN TUBF X?
WHY DO YOU THINK SO?
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3) How FAR WOULD YOU EXPECT I'VE LIQUID TO GO UP T;;

WHY DO YOU THINK SO?
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Comments on Tubes and Capillarity (Grades 7 and 1:2;

In this exercise, students were asked to make observations about the

height of colored water in 5 tubes. Each of the tubes had a l'''f.erent

interior diameter. The students were expected to infer the riationship

between water height and interior diameter. Finally, students had to apply

this relationship to predict how high water would rise in a tube with an

interior diameter that was the same as one of the original five tubes.

Students at both grade levels seemed to understand this task and the

results indicated improved performance from grade 7 to if. Frm. the !,Lond

part of the exercise, accurate observations were made about 'Ah f! hrL of the

water in the tubes by 50 percent of the seventh araders and by 13 ;:ercent of

the eleventh graders. Stat.7,ments about the relationship betwer.-n the height

and inteior diameter were made by 22 percent of the seveT;th graders and 39

percnt of the eleventh graders.

For the third part of the exercise, accurate ;vpoteses about how high

the water would rise in tube X ,T1A the reasons why .:ere provided by 29 percent

of the seventh graders and by 33 percent of the eleventh graders. A

hypothesis without a reason was made by an additional 21 percent of the

seventh graders and 41 percent of the eleventh gi.uders.

The administrators reported that the students had trouble with the

apparatus. The liquid wa3 difficult to see v:hich maCe the height of the

liquid in the tubes very difficult to determine, If students removed the

tubes from the liquic, the exercise was usually confounded because the tubes

with fine inner diameters can become "air bound." If the tubes are moved

within the liquid , the levels can change in the tubes. It was the consensus

of the advisory panel that the exercise needs a liquid that is easier to see



and instructions that are more explicit. The tubes should be fixed for easier

observation and measurement. The students should not be able to move or

remove the tubes.

The exercise did S'I-OW that many seventh and eleventh graders in the

sample could observe and report a relationship between two variables. The

equipment is small, but tricky to set up and difficult to maintain. This

exercise may be appropriate for a future national assessment if it is revised

and the equipment is changed. The panel recommended that it not be used as

pilot tested.



GRADE 1 1

STATION 4

You HAVE BOXES LABELLED A,B,C,D, AND E. USE THE CIRCUIT TO TESTTHE BOXES.

DETERMINE WHAT EACH BOX CONTAINS AND WRITE DOWN THE LETTER OF THEBOX ON THE BLANK LINE- THERE IS ONE THING LISTED BELOW WHICH ISni IN ANY BOX- LEAVE THAT SPACE BLANK.

WHICH BOX CONTAINS:

1- A PIECE OF WOOD?

2. A VARIABLE CONDUCTOR? (SOMETHING THAT CONTROLS THE
RATE OF CURRENT THROUGH THE
CIRCUIT)

3. A RESISTOR? (SOMETHING THAT LIMITS THE CURRENT THAT
CAN PASS THROUGH THE CIRCUIT)

4. A BATTERY?

5. A PIECE OF COPPER WIRE?

6. A DIODE? (SOMETHING THAT ONLY LETS THE ELECTRICITY
PASS THROUGH THE CIRCUIT IN ONE DIRECTION)



Activity Identification: Conductivity

Grade(s): 11

Method of Administration: Self-Administered Station Activity

Content Area: Science-Physics

Apparatus required: 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; one circuit, set up with three
1.5-volt batteries in holder, an ammeter, and socket for testing the boxes;
three spare batteries. Apparatus for circuit should be set up as shown in the
diagram below.

AdWinistration: The circuit should be set up as specified in the diagram
iTiihin the Conductivity box with boxes A-E placed Glongside it. No box should
be left in contacts at the end of each administration. Circuits should be
checked after every administration to see if they are still connected.

Servicing: None required

Batteries

Ammeter

t:Socket for testing boxes



Conductivity
Station B
Grade 11 - station 4

Scoring of the Written Responses

1-6) Score 1 point for every correct answer. Scoreable answers should
include the following sequence of responses:

1. C
2. E
3. B
4. --
5. A
6. D

Note: The student should be scored fur having /eft 4 blank but only
when she or he has filled in all the other responses.

Skills involved

In this exercise the student needs to, determine a set of aaswers based on
her or his available content information and information presented within the
context of the problem.



ELEV131111 GRADE SCORE POW 6

WHICH BOX CONTAINS:

(1 1. A PIECE OF WOOD?

L 2. A VARIABLE CONDUCTOR? (SOMETHING THAT CONTROLS THE
RATE OF CURRENT THROUGH THE
CIRCUIT)

1 3. A RESISTOR? (SOMETHING THAT LIMITS THE CURRENT THAT
CAN PASS THROUGH THE CIRCUIT)

4. A BATTERY?

A 5. A PIECE OF COPPER WIRE?

3 6. A DIODE? (SOMETHING THAT ONLY LETS THE ELECTRICITY
PASS THROUGH THE CIRCUIT IN ONE DIRECTION)



ELEVENTH GRADE SCORE POINT 4

WHICH BOX CONTAINS:

1- A PIECE OF WOOD?

2. A VARIABLE CONDUCTOR? (SOMETHING THAT CONTROLS THE
RATE OF CURRENT THROUGH THE
CIRCUIT)

3. A RESISTOR? (SOMETHING THAT LIMITS THE CURRENT THAT
CAN PASS THROUGH THE CIRCUIT)

`4.2-A_RAIIERY?

A 5. A PIECE OF COPPER WIRE?

D. 6. A DIODE? (SOMETHING THAT ONLY LETS THE ELECTRICITY
PASS THROUGH THE CIRCUIT IN ONE DIRECTION)



ELEVENTH r'RADE SCORE PoiNT 3

WHICH BOX CONTAINS:

C/ 1. A P!E-CE oF WOOD?

a 2. A VARIABLE CONDUCTOR? (SOMETHING THAT CONTROLs THE
RATE OF CURRENT THRoUGH THE
CIRCUIT)

23. A RESISTOR? (SOMETHING THAT LIMITS THE CURRENT THAT
CAN PASS THROuGH THE CIRCUIT)

LeLi. A BATTERY?

,14r5. A PIECE OF COppER WIRE?

I) 6. A DIODE? (SOMETHING THAT ONLY LETS THE ELECTRICITY
PASS THROuGH THE CIRCUIT IN ONE DIRECTION)



ELEVENTH (:2RADE .CORE POINT 2

WHICH BOX CONTAINS:

C 1. A PIECE OF WOOD?

2. A VARIABLE CONDUCTOR? (SOMETHING THAT CONTROLS THE
RATE OF CURRENT THROUGH THE
CIRCUIT)

3. A RESISTOR? (SOMFTHING THAT LIMITS THE CURRENT THAT
CAN PASS THROUGH THE CIRCUIT)

ft/4. A BATTERY?

5. A PIECE OF COPPER WIRE?

6. A DIODE? (SOMETHING THAT ONLY LETS THE ELECTRICITY
PASS PIROUGH THE CIRCUIT IN ONE DIRECTION)
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ELEVENTH GRADE SCORE POINIT 1

WHICH BO.X CONTAINS:

1. A PIECE OF WOOD?

E 2. A VARIABLE CONDUCTOR? (SOMETHING THAT CONTROLS THE
RATE OF CURRENT THROUGH THE

//

CIRCUIT)

3. A RESISTOR? (SOMETHING THAT LIMITS THE CURRENT THAT 25
CAN PASS THROUGH THE CIRCUIT)

4. A BATTERY?

5. A PIECE OF COPPER WIRE?

!f; 6 A DIODE? (SOMETHING THAT ONLY LETS THE ELECTRICITY
PASS THROUGH THE CIRCUIT IN ONE DIRECTION)



Comments on Conductivity (Grade 11)

In this exercise, students were asked to determine the identity of five

unknown materials. Students had to conduct tests with an electric circuit and

infer which of the unknowns were a piece of wood, a variable conductor, a

resistor, a battery, a piece of copper wire, and a diode.

The correct identity for all unknowns was selected by 31 percent of the

students. Thv moF,t common errors were made between the wood and the diode,

the wire and the battery, and the wood and the resistor. The advisory panel

hypothesized that the wood and diode error might have resulted from students

testing only some of the unknowns and hence, reaching erroneous conclusions.

The wire and battery error might arise because students may not have knowledge

of the workings of batteries and wires.

It was the consensus of the advisory panel that the electrical apparatus

was too content or experience oriented. This view was supported by the gender

differences in the data. Forty-six percent of the males compared to

20 percent of the females in the sample correctly identified all the unknown

materials. It was suggested that one common item, such as heavy household

wire with the ends exposed, be provided to illustrate what happens on the

meter when the material tested carries electricity. The panel felt that if

more explanation of the apparatus is included, the exercise could be

administered to seventh graders as well as to eleventh graders.

T,'- administrators reported that students liked "experminenting" with the

appara is. Also, the results showed that some students were able to solve the

problem. The equipment is small, and with proper instruction, it is very easy

to set up and maintain. If it is revised as suggested, this exercise would be

appr.priate for use with eleventh and possibly seventh graders in a future

natilmal assessment.



GRADES 3,7,11

STATION 1

You ARE GOING TO PLAY THE GUMBALL GAME WITH THE COMPUTER.

THE COMPUTER WILL TELL YOU WHAT TO DO ;PD YOU WILL PUT ALL

YOUR ANSWERS INTO THE COMPUTER.



Station Activity/CoH jer

with 481( memory, diskeL, Tith
,

1 the student's code at the ontl:

at thL 2nd of each administrati.
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Self-Administered Station P...qvity- 3,7,11

Does the jar have more red gnmballs or acre green grabens? Pick some

gumboils.

Press the number of gumboils you want on the keyboord.

(for grade 3)

You can pick any number from 1 through 10.

(for grades 7 & 11)

You can pick any nuaber from 1 through 10().

(gter the student has selected a number) You got (some number) rod

*ails and (some number) green gumboils.

Note: Compute: screen will then show how a sample record o the student's

responses will look (see example below)

Draw

1

This is a record of your pick.

Red

6

The computer will give you six turns.

Press R when you are ready to play.

Green

(After the student has pressed R)

Pick some grabolls.

Balmy do you want?

Press the number on the keyboard.

(After the student has made a response) Ton got (o ,2 nuuber) red

gumboils and (some number) green gumbells.

Nee: A record of the student's picks will be kept in the right hand mrner

of the screen. This record will always be available for the i,edent to see.

The program will proceed in the manner above for 6 dHls. Der the

sixth draw the student will be given the prompts to determine whether the ler

has more red gumballs or green gumballs and what this ratio is.

Dots the jar have more red guaballs or green gumboils? Press R if there

are more red grabens. Press C if there are more green grabens.

(gter the student has made a response) You answered that the jar has ION

(red/green) gumboils.

Fill in the blanks in this sentence by pressing the numbers on the

keyboard which mill make the sentence read what you think the ratio is.

(for grade 3)

/or every two red grabens in the jar there are (some number) green

gumboils.

(for grades 7 11)

The ratio of red gumboils to green gumboils is (some
number) red to (some

number) green.

(Note: The ratio for grade 3 will be 2 red gumballs to 1 green gumball. The

ratio for grades 7 6 11 will be 3 red gumboils to 2 green gumballs.)

Good game. Thanks for playing the Cuban Gue. 377



Comments on the Gumball Game (Grades 3, 7, 11)

This is a computer-administered task in which the students are expected

to use the -esults from a series of draws to determine whether there are more

red or green gumballs in the jar and the ratio of red to green. The student

desionates each time the number of gumballs to be drawn, the computer makes

random pks and reports the number of red and of green obtained. For grade

3, the computer was programmed to pick up to 10 from a jar with a 2:1 ratio of

reds to greens. For grades 7 and 11, the program allowed for picks up to 100

per draw from a jar with a 3:2 ratio of reds to greens.

As with the other computer-administered tasks, a significant portion of

the data was lost. The problem may have been caused by differences between

computers or lapses between administrations. It was not due to the program.

All the grade 7 and 11 programs were copied from the same master disk.

Administrators reported, in most cases, that the program ran and all students

did the tasks.

The number of usable cases for grade 3 are only 41; for grade 7, there

are 92; for grade 11, 59. In comparison, the number of students who were

administered the Gumball Game was 110 at grade 3, 120 at grade 7, and 101 at

grade 11.

Despite the small number of responses, a 5-part alphabetic classification

was created for tracking the students' strategies in drawing gumballs. It

appears that the task was appropriate even at the youngest grade level. Of

the third graders for whom there is data, most varied their requests between

high and low although none requested the maximum number on all drawings. A

larger percent was able to complete this task than the Circle Game, Only 5

students did not answer the first question and 80 percent responded correctly

that there were more red gumballs. On the other hand, the third oraders did

378



not understand the question about the ratio as it was phra,ed without using

the term and none answered this question correctly. learly, the second

question as worded is rot appropriate for third graLLI.

With respect to the ratio question for grades 7 and 11, when students

drew low numbers most of the time, the record did not imply the expected 3:2

ratio. Because the computer had been programmed to complete and print out the

average number of reds and greens obtained, it was decided to use the record

and to accept as correct not only 3:2, but any ratio close to the ratio of

the averages actually obtained. When the student gave as the ratio the sums

of the numbers of reds and greens obtained in all the tries, the responses

were classified in a separate score level.

Although the idea for this task is good and students can understand how

to do the task, the program needs reworking. The advisory panel suggested

that the program should be more directive at the beginning and that students

should be told that they are looking for a ratio. The program also needs a

definition of the sample space (i.e. how many gumballs in the jar) and

information on whether the sampling is with replacement after each drawing.

For grade 3, either the program should stop at the "more reds than greens"

stage or try asking the ratio question in the form of a predi'tion: "If you

now picked 9 gumballs, how many reds would you expect to get?" For grades 7

and 11, rewording was suggested to say, "the ratio of rui yumballs
...;) green

gumballs probably was red to green."

The revised programs would require pilot testing at all three grades

before operational use.



GRADE 3

STATION 4

YOU HAVE BEEN GIVEN SOME BUBBLE WANDS.

THE WANDS MAKE DIFFERENT KINDS OF BUBBLES IN DIFFERENT WAYS.

HERE'S WHAT YOU DO:

1) TAKE EACH WAND, AND BLOW THROUGH IT TO MAKE BUBBLES.

WHAP Dip YOU FIND:

2) WRTTE DOWN WHAT YOU FIND IN THE TABLE BELOW.

TYPE OF
BUBB E WAND

NUMBER OF
BUBBLES

SIZE OF
BUBBLES

SHAPE OF
UBBLES

SMALL SQUARE

SMALL CIRCLE

LARGE SQUARE

LARGE CIRCLE

EXPLAIN_WHAT yOU FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?



GRADES 7,11

STATION 4

You HAVE BEEN GIVEN SOME BUBBLE WANDS. THE WANDS MAKE DIFFERENT
KINDS OF BUBBLES IN DIFFERENT WAYS.

HERE'S WHAT YOU DO:

1) TAKE EACH WAND AND BLOW THROUGH IT TO MAKE BUBBLES.

WHAT DID YOU FIND:

2) WRITE DOWN WHAT YOU FIND OuT ABOUT HOW THE wANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPE5 OF THE BUBBLES.

EXPLAIN WHAT YOU FOUND:

3) LOOK BACK AT YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF ''HE BUBBLES AS
THE WAND GETS LARGER?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?



Activity Identification: Bubbles

Grade(s): 3,7,11

Method of Administration: Self-Administered Station Activity

Content Area: Mathematics-Geometric Relationships

Aparatus required: Small and large bubble wands of different shapes (square,
circular, and fiTingular); 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.

Administration: Bubble wands should be placed on a wad of paper towels before
the onset of each administration. Administrators should make sure that the
students blow the bubbles away from other students and their own papers.
Bubble mix should be filled half-way before the onset of each administration.
Stock liquid should be kept out of view of the student.
Servicing: None required

TUT



Bubbles
Station A
Grade 3 - station 4

7 - station 4
11 - station 4

Scoring of the Written Responses

(for grade 3)
2) Score 2 pts. if the student completes the table of findings. Score 1

pt. if the student provides an incomplete table of findings. Score 0
if the student makes no response.

(for grades 7 & 11)
2) Score 3 pts. if the student makes a complete table of her or his

findings. (Note: This table should be comparable to that already
provided for the grade 3 students). Score 2 pts. if the student
provides an incomplete table of her or his findings. Score 1 pt. if
information is provided in a non-tabular form. Score 0 if the
student makes no response.

(for grades 3, 7 & 11)
4) Score 4 pts. if the student specifies the relationship between size

of the bubble wand and the number and size of the bubbles made that
is consistent with the table. Score 3 pts. if the student specifies
the relationship between the number and size of the bubbles made that
is inconsistent with the table. Score 2 pts. if the student makes
specific statements about how the size of the wand influences the
number or size of the bubbles that is consistent with the table.
Score 1 pt. if the student provides an irrelevant or non-specific
statement. Score 0 if the student makes no response.

(for grades 7 & 11)
5) Score 5 pts, if the gtudent specifies the relationship between the

shape of the bubble wand and the number arl size of the bubbles made
that is consistent with the t-:Ole. Score 4 pts. if the student
specifies the relati,nship between the shape of the bubbles wand and
the number and size the bubbles made which is inconsistent with
the table. Score 3 pts. if the student makes a specific statement
about how the shape of the wand influences the number or size of the
bubbles that is consistent wit'a the table. Score 2 pts. if the
student makes a specific statement that is inconsistent with the
information in the table. Score 1 pt. if the student provides an
irrelevant or non-specific statziment. Score 0 if the student makes
no response.

Note: Specific statements are presuxed to oe correct statements.
Skills involved

In this exercise students must record (and for the grade 7 and 11
students, organize) a set of findings. Based on these findings the students
must then make a generalization abouu how changes in the independent variable
bring about changes in the dependent variable. These generalizations should
be based on comparisons and contrasts of the findings.

- 363



1 ,

THIRD r..RADE

2) WRITE DOWN WHAT YOU FIND

TYPE OF
BBLE WAND

NUMBER_OF

SCORE POINT 2

IN THE TABLE BELOW.

SIZE OF SHAPE OF

SMALL SQUARE kr9
1 M

i

cirde
CI (\esSMALL CIRCLE

LARGE SQUARE
I

rn a 1 1 5aIA nre._
I

ci<de
LARGE CIRCLE

.
Jarge,

2) WRITE DOWN WHAT YOU FIND IN THE TABLE BELOW.

TYPE OF
UBB E WAND

NUMBER OF SIZE OF SHAPE OF

A

SMALL SQUARE
rt V g\/71,

roLirl4

SMALL CIRCLE
I-

LARGE SQUARE
-1

W r v
hla

..../

1cl r96-

V`okne:4

LARGE CIRCLE
/

2) WRITE DOWN WHAT YOU FIND IN THE TABLE BELOW.

TYPE OF NUMBER OF SIZE OF SHAPE OF
UBB S

SMALL SQUARE
c rnall

4 /

Ci rri.

C kfrie
SMALL CIRCLE

S (Y)Ci17

LARGE SQUARE
,

61A ic rc(e_

LARGE CIRCLE



SEVENTH (2RADE SCORE POrNT 3

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE.
MADE BY EACH WAND, HOW B G THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

Hui

5 D
D

s

oLv OiY SAreJ

ler e rotind
coked

room/-e

St-7411 mold

kr oti /16
5)-14 I o /4

1

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND JJ:L.ahAPES.OF

OJACI
THE BUBBLES.

) C' s5kusrtW NUTA O`PO--

Diekvittnd .,3 e tRow

5nial/

02 (Arc e

5ma11 \gbun

Srneki/ Cirs-te
7?-;0..y\,J
(4,-016114^
rrc..1,e_

RoUf
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,5h10,11 11k0uodr11/1
2) WRITE DOWN WHAT fOU FIND OUT ABOUT HOW THE WANDS 'MAKE

BUBBLES. PUT THIS INFORMATION IN A TABLE., IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES GF THE BUBBLES.



PcyAk

ELEVENTH -RADE SCORE P01 NT 3

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFOREATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT BDII_LIALEL_SAIELEi WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES 'OF THE BUBBLES.

M121-g

tid-N

LtIi
,594a4e4 C,rde

0,1

Triav-le

9 e2
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Sie.0/1
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iiiiij 411

2) WRITE DO'o. WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. "2.-IT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE.INFORMATION ABOUT EDI', MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND jj.
SHAPES OF THE BUBBLES. dyfetAS14-

loth °)-1L- 4C?

uJP-c- rciv
2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE

BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT _HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
3HAPES OF THE BUBBLES.



SEVENTH GRADE SCORE POINT 2

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES

b-4- . AArtAzt,ta Li

b AlCA/CL).-Q- AdC61.4.7) L. 0 L 5

(m.Q...OGANY -

,arnnait -

b 1,*5 V

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES PUT THIS INFORMATION IN A TABLE IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES

,i-v)caIl an,yttQr w onc,,dve. circLO btAMo )
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2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE

BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BU BlTES WERE, AND THE
SH;,PES OF H 4, )3_4 v.) c.4

I-nee/item ec /el

cnY) li r(r-4

I
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ELEVENTH 5RADE Sc ORE Poi NT 2

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

# 01-
aA L411

c)---
t_Arfie_. r u clpcl

1
Jrna-I 1 .r.°L.Lr41

I

uukiolvei

1
,(.4-.,,x I 1 rct.4.x.,di

1,..-10...11 roo-1lic4\ ta,A4
I

00U- lotjl+ Coli

tt II 'ke I/
2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKEBUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOURTABLE INCLUDE.INFORMATION ABOUT HOW MANY BUBBLES WEREMADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THESHAPES OF THE BUBBLES.

('

IT(iAr

r 0-6

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
3UBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MAN_Y_ BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

fvme own-0(

a Yvt

VI 0 yxt-

/



THIRD 171RADE SCORE POINT 1

2) WRITE DOWN WHAT YOU FIND IN THE TABi..

TYPE OF NUMBER OF
LES

SIZE OC
BUBBLES

SHAPE OF
BUBBLES

SMALL SQUARE

SMALL CIRCLE
V

t

.

LARGE SQUARE
.

LARGE CIRCLE
\I

.

2) WRITE DOWN WHAT YOU FIND IN THE TABLE BELOW.

TYPE OF
BUBBLE WAND

NUMBER OF
BUBB ES

SIZE OF
UBBLES

-SHAPE OF
UBBLES

SMALL SQUARE
. .

SMALL CIRCLE
'

C.Xit...6...i.gg

LARGE SQUARE
. IA..., l,1 ..if A

LARGE CIRCLE
1

/ .
1

Of

2) WRITE DOWN WHAT YOU FIND IN THE TABLE BELOW.

TYPE OF NUMBER OF SIZE OF SHAPE OF
BUBB E WAND DUBBLtb vu,..,...

1 .

SMALL SQUARE

SMALL CIRCLE

LARGE SQUAi:E

LARGE CIRCLE (

nsa.



SEVENTH GPADE SCORE PODIT 1

2) W RITE DOWN WHAI you FIND OUT ABOUT HOW THE WANDS MAKE
_

BUBBLES. PUT S INFORMATION IN A TABLE. IN YOUR701
TABLE INCLUDE 3NFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH wANDJ HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE 30 OBLES.

Loth\es stAeu 600.0A- boc)koe,5

40., rot C./Orly 1/4C3°b"C'S

cAoc(r 10 ow(e_c

kedi st" 5 \ C-- k

\r) obbes c},b Vpu
u

Y
c rc \12.,

i V3 001,-)

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WEREMADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

ba, a MG I id rL kg- qqo 4-\nZ
bL6601,ci:,-r)-)ore buirID\e) (Lon-)4zDu+ -4\a_ yyn d r cnct b'\

bubo\ CL/3 C. Orn(4 (31 Tbi s(..Doncte5

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HO',/ BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

).-k rntojal ,De^n-Q
idnari, opo

oa c07-afrfts),
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ELEVENTH GRADE SCORE POINT 1

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUB!3LES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

5mal\er W6ri,cb rCOrle, myt, 14 Sena \Cr

bublo\to. Lo\lith. Cam ou-17 clifftren\- sae, billobes
\01. er wom\s tea'D \WWeks \D4

'Ati \DOWD Were.

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFOPMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, 40W BIG 'ME BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

I ell-, adt-dLb Ci. Juie, 104/4L-tb
CDTY)N4A2

vocal tjadai- erkt;tei-cati4 Aixne. (14-auztite.
,v-i2E 4-6-040( AktkNON.1"4- \.43'LL- ÷JAA,

p)6_tiL 4.1YkabA btuits.o.

2) WRITE DOWN WHAT YOU FIND OUT ABOUT HOW THE WANDS MAKE
BUBBLES. PUT THIS INFORMATION IN A TABLE. IN YOUR
TABLE INCLUDE INFORMATION ABOUT HOW MANY BUBBLES WERE
MADE BY EACH WAND, HOW BIG THE BUBBLES WERE, AND THE
SHAPES OF THE BUBBLES.

9.0
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THIRD (RADE SCORE POINT 4

EXPLAIN WHAT YQU FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BOBBLES AS
THE iWND GETS RGER?

Adj d

EXPLAIN WHAT YOU FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND G'ETS LARGER?

EXPLAIN VOIAT YOU FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
/HE WAND GETS LARGER?

:13n e (R:S zOt D% 0 c\i"

,A§Ornei6,,in e 3 Hhks/ el



SEVENTH GRADE SCORE POINT Li

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

"katibt-t- )itisdLet,Me .144t4
AA. //\.`4A-AN'ItiL

061-.4"-Q-AA-tt.h.

4) WHAT 'HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

A '

?A2 30/14.9.4 aAa_ .1))4_46

\!)A9 okAiL d je__,UtetA.AA



ELEVENTH (RADE SCORE POINT 4

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BOBBLES ASTHE WAND GETS LARGER?

As 10 E:Tc 1--4\*I_Ct 7/.?

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS

-thz b 141 ie.5 6 6k.1/,',01 6 eA (
THE WAND GETS LARGER?

6
Pr6 YlOf 6- S "4 ot1-1(

L\

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

&()



TH iRD GRADE SCORE POI NT 3
EXPLAIN

3)

4)

WHAT YOU FOUND:

LOOK .BACK _IN -YOUR _TABLE

WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

LS. 1 He, 0 '42
(`

fi 77' 0 Nr U)

r
CNy4 101 AN; (.00n. .\?Iljt\ vv

W1OAT HAPPrAIS Tu. IRE N riBn AND SIZE OF 'E ;BUBBLES SE SUPE OF THE WD.CHANGES?
1V%4 Afoigge,r wo,_,

_ _ e n

EXPLAIN WHAT YOU FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?



(.RADE SCORE POINT 3

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
TftE, WAND GETS LARGER?

\

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

.)t_ but:, lo Nis ti- a. 1 c Jor

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?



ELEVENTH CRADE SCORE POINT 3

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF
THE WAND GETS LARGER?

4k 17(*1lec get

61)

C606ton+

higger ;--,

THE BUBBLES AS

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?



TI:d60 GRADE 65i-i'E POINT 2

EXPLAIN WHAT YOU FOUND:

3) LOOK BACK AT THE NOTES IN youR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

c/1CL ( A

ke_LAINKH A T YOU FO1IW:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

&66/e-.< sc+ PLk Ii;ver1/4,

EXPLAIN WHAT YOU FOUND:

3) LOOK BACK AT THE NOTES IN youR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

Oleri u_tand 36k_



SEVENTH (-1RADE SCORE POINT 2

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

4) WHAT HAPPENS TO THE
THE WAND G TS LA GE

NUMBER AND SIZE OF THE BUBBLES AS
9
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ELEVENThl (RADE SCORE POINT 2

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
115,WAND ETS LARGER?

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES
THE WAND GETS LARGER?

¼it .10/5Atf 7e/4

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

ang ot.

/_21A42ntlea4

4"ei
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TH I RD GRADE SCORE PO I NT 1

EXPLAIN WHAT YOU FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.
4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES ASTHE WAND GETS LARGER?

EXPLAIN WHAT you FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES ASTV WAND LGETI LIMGER?

EXPLAIN WHAT YOU FOUND:

3) LOOK BACK AT THE NOTES IN YOUR TABLE.

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES ATHE WAND GETS LARGER?

\JDVD e 6



SEVENTH qRADE SCORE POINT 1

4 ) WHAT HAPPENS TO THE NUMBER AND S IZE OF THE BUBBLES AS
THE WAND GETS LARGER?

clecrecALQS

4 ) WHAT HAPPENS TO THE NUMBER AND S IZE OF THE BUBBLES AS
THE WAND GETS LARGER?

13 er bu bbie

4 ) WHAT HAPPENS TO THE NUMBER AND S IZE OF THE BUBBLES ASTHEIWAND GETS LARGER?

4e, c-re6L,Ses

/
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ELEVENTH GRADE SCORE POINT 1 Vask

4) WHAT HAPPENi TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

nun') bc_r rJ. LL-11,n i

ri\

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER?

(1"4

4) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND GETS LARGER? ,

1/45.Z.- \16r\tS C'411 0141 c r T
. IAV40 t--S

e cr ea STV

4-141,101\ (A 11(1 p-C_ Wan
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THIRD GRADE SCORE POINT 4

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
/HE SHAPE OF THE WAND CHANGES?

sen fl e ex6-1\1

5) WHAT NAPFIENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?



SEVENTH GRADE SCORE POINT 5

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLEG AS
THE SHAPE OF THE WAND CHANGES?

QA,Z,(1) N9 7it ANL),

.Tr I _r -USIIIYNAZ , -3 24- Jn-ift".0.7-7v as<}{rk,, ".\ Xrt

Lishhtz. calkobe,

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

StYek rtrP-) 1o, rt-T)f-es

R;c.+.

, 5:114 f/ e. ee/e-s

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THEBUBBLES AS
THE SHAPE OF/THE WAND C GES?

AJ JL .i)721/6/

c57 VA rye Lar

4a1-6-&!) Af-/7-letelo
a/n/A- ZOLAIA14

't:1C0/111
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ELEVENTH P.RADE SCORE POINT 5

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

QQQ csoLo Ct h 0-46 i 1q) -1-ko

ulna' (5 10'60 eine) tubble)
r n 6.5b LL

" 41.

bLea
ntizami

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF
THE SHAPE OF THg WAND CHANGES?

1555 vtr-r---sb-it a (f)V
THE BUBBLES AS

d rt-f (.0
t")

5) WH4).-HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE.OF THE WAND CHANGES?

'Sums.



SEVENTH GRADE SCORE Poim- 4

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBB6ES AS

freL4
THE SHAPE 0= THE WAND CHANGES?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

R OPla `,LU
O 140 .0M

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

1

PLT

, /CAS1,4,6



ELEVENTH GRADE SCORE POINT 4

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES
THE SHAPE OF THE WAND CHANGES?

23taLe 6Ln-a a 14,1.Adyyttei.

AS

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

4; lit° fejni- et VP nu h f. .-) z _k Ae ,LA I.e depend:43
Ott 4+,te $i 2-e 04 4-Lr-, l,J a 0 d head



THIRD GRADE SCORE POINT 3

AT IVIIPAS TYINE vAIMBh -ANb. SIZE OF iliE' guiiLEs
gE SHAPE OF THE WA,ND CHANGES?

8 33 e
\A/

\I \A C Ck VI.. blow teti e
\AI h s

\A/



SEVENTH (RADE SCORE POINT 3

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES ASTHE SHAPE OF THE WAND CHANGES?

(ji)12__IC\ -4\

h
h6 es c3_ Nr) 55 _gr vv-kct viz rt-

THE
5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS

SHAPE OF THE WAND CHANGES?

**If\ 9 4 cN,C-r

rn

:5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES? S-

Th-r
CIL

red-rS



ELEVENTH FRADE SCORE POINT 3
5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS

THE SHAPE.OF THE WAND CHANGES?

Si F

\1VOC
011A9-

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES ASTHE SHAPE OF THE WAND CHANGES?

0 ap.Q>
9\lt-ka

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

:ONO 5Thellter '7/41e 1A)4,14 more_ 4<b(i11-5-



TH I RD r.,RADE S. CCRE POINT 2

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE '-i-,UBBLES AS
THE SHAPE OF I'VE, WAND CHANGES?

jth71d

2e- 61-Aer Ankt:".;Cr

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE HAPE OF THE WAND CHANGES?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

11



SEVENTH r4RADE SCORE POINT 2

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE WAND CHANGES?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE OF THE WAND CHANGES?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

-4,;11)



Vbx-/C

ELEVENTH 5RADE SCORE Po I NT 2

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

The 61,40,47r7 1)e mo(e Arld .5rngilgr

iC,e 10 to

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES? .

frinA, t___



THIRD 5RADE SCORE POINIT 1

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS7-T
THE SHAPE OF THE WAND CHANGES?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
TH SHAPE OF THE WAND CHANGES?

Jrnakell OVA Art_. Dymei



SEVENTH qRADE SCORE POINT 1

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

-**14t 14AN-44.

Adevcdikot.

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

1-scart. cue_ reso(e.),Q,bles buk( sarne
(3-\ 41- Li.r 4b Ckr9 Er O& S

5) WHAT HAPPENS To THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THi WAND CHANGES?0kr-ck.r Oneske

COIV) \DO b
nck ,1-4,e_ 3 (2 e3 Svct c)(-)

U CV)
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ELEVENTH GRADE SCORE POI NT 1

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

aN1 Vnd (114,

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE WAND CHANGES?

h-, -7-i4,31 LSO S-C4 z5 rysaLRzr c,r\01 Sy r-N.4._L,

ry-N't 3c)

i41

5) WHAT HAPPENS TO THE NUMBER AND SIZE OF THE BUBBLES AS
THE SHAPE OF THE W ND CHANGES?



Comments on Bubbles (Grades 3, 7, and 11)

The Advisory Panel agreed that the Bubbles apparatus was not an

appropriate basis for collecting data because the apparatus yielded very

inconsistent findings. For example, it may have been difficult for students

to control the rate of blowing through each of the wands or the viscosity of

the solution between trials. Thus it would be unduly difficult for students

to interpret their results.

However, the data indicates that 86 percent of the third grade students

completed the table of information based on their findings. Similarly, 34

percent of the seventh graders and 68 percent of the eleventh graders made and

completed their own table of findings. Also, the consultants agreed that

exercises which tap the ability to collect and organize data are needed.

Therefore, a recommendation for future use might be that questions

comparable to those posed in this exercise be asked with different materials

that produce more consistent results.



SI

GRADE 1 1

STATION 6

Box X CONTATNS ONE OF THE FOLLOWING SETS OF OBJECTS.

A

Magnets

Iron
Bar

Magnet Magnets

Aluminum
Bar

THE SET OF OBJECTS IS FIXED FIRMLY BUT NOT NECESSARILY IN THE
POSITION SHOWN ABOVE.

HERE'S WHAT YOU DO:

1. PUT BOX X ON THE RE'TANGLE DRAWN ON THE ATTACHED PAGE,
WITH THE LETTER X TO THE RIGHT AS SHOWN.

2. PUT A COMPASS ON EACH CIRCLE IN TURN AND DRAW AN ARROW
IN THE CIRCLE SHOWING THE DIRECTION THAT THE NEEDLE
POINTS.

3. TAKE THE BOX OFF THE PAPER.

4. FROM THE DIRECTION OF THE ARROWS, WORK OUT WHICH SET OF
OBJECTS IS IN THE BOX.

5. THE SET OF OBJECTS THAT IS IN BOX X IS:

A B. C_ D_ E
6. DRAW CLEARLY IN THE RECTANGLE ON THE ATTACHED PAGE HOW

YOUR CHOSEN SET OF OBJECTS IS PLACED IN BOX X.

7. BRIEFLY EXPLAIN WHY YOU HAVE CHOSEN THIS SET OF OBJECTS.



0 0 0
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Activity Identification: Magnet and Compass

Grade(s): II

Method of Administration: Self-Administered Station Activity

Content Area: Science-Physics

Apparatus required: Sealed box labelled X containing two bar magnets fixed
firmly in position (see diagram below), a compass, a work sheet depicting a
rectangular box the same size as box X and ten circles around the perimeter of
the rectangle (see attached sheet), paper and pencil.

Administration: Magnets should be stored separately from the compasses to
avoid any potential changes in polarity of the compasses. Blue end of arrow
indicates north.

Servicing: None required

Remember
.., )el (0:1)pftd r ht qoth po2v

)e, : o:.4 'o + )0. sth:chIt ie. d v po rr.s

C x



Magnet and Compass
Station A
Grade 11 - station 6

Scoring of the Written Responses

5) Score 2 pts. if the student checks the appropriate set of objectswhich is A. Score 1 point if the student makes an inaccurate choice.Score 0 if the student makes no response.

6) Score 2 pts. if the student draws the objects in the appropriate
orientation. Score 1 pt. if the student draws the objects in aninappropriate orientation. Score 0 if the student makes no response.

7) Score 2 pts. if the student provides an accurate or plausible reasonwhy she or he chose the set of objects in 5) which should include areference to the arrows. Score 1 pt. if the student provides aninaccurate or irrelevant explanation for why uhe or he chose the setof objects in 5). Score 0 if the student gives no response.

Skills involved

In this exercise the student needs to make inferences based on 11411. or hisfindings and available content knowledge about the problem.



ELEVEgTH GRADE SCORE PONT 2

5. THE SET OF OBJECTS THAT IS IN BOX IS.

A B C D E 2)

5. THE SET OF OBJECTS THAT IS IN

C)B C D_ E

5. THE SET OF OBJECTS THAT IS IN BOX IS:

A 1, B C D E



ELEVEUTH GRADE SCORE POINT 1

5. THE SET OF OBJECTS THAT IS IN ae1 Is:

A& B_ C_ Dx_' EX_

5. THE SET OF OBJECTS THAT IS IN OX IS:

A B E

5. THE SET OF OBJECio THAT IS IN BOX X IS:

A B C. D E



ELEVENTH GRADE SCORE POINT 2



ELEVENT1-1 GRADE SCORE POI NT 2
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ELEVENTH GRADE SCORE POINT 1 Vcs-A

-
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ElIVEIffH GRADE SCORE POINT 1 \'c->A
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Vcs.,-A

ELEVENTH GRADE SCORE POINT 2

7. BRIEFLY EXPLAIN WHY YOU HAVE CHOSEN THIS SET OF OBJECTS.

7. BRIEFLY EXPLAIN WHY YOU HAVE CHOSEN THIS SET OF OBJECTS.

ifeS c1k4. rul- -14Q nor-fin
0-c -ffie- -era

10o IAEA/ -14 arrow poip14-ed eudaki

7. BRIEFLY EXPLAIN WHY YOU HAVE CHOSEN THIS SET OF OBJECTS.

1.-y)e r\ECCA2 \-S t'A t^30.4.15 PO\ fA4;PJ
.4-0ValiArAS Y\ -. 0 eN i,cterf ksv. Ct )(ma

o 48ve ry, s ' be qs
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ELEVENTH GRADE SCORE POINT 1

Veik--A

7. R_RIEFLY EXPLAIN WHY YOU HAVE CHOSEN THIS SET OF OBJECTS.0rFE CIK.CoLs AA (..t 0-e-- Toe

aus\.N. s, *I- 1 t P CA. A oR c,
k-I-"-"--b O'NP\t: THE lb`. Ps R.Ika--/-1 eet

s1/47k-

7. BRIEFLY EXPLAIN WHY YOU HAVE CHOSEN THIS SET OF OBJECTS.

vc\D ,x\zo--h
ciuAm aim5

ekam .15:.1i\r.k.0 110

7. BRIEFLY EXPLAIN WHY YOU HAVE CHOSEN THIS SET OF OBJECTS.

Ln\i/ -\1-\'1,0\fiThr@
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ce,p-eS e

(?(D'S WOuld



Comments on Magnets and Compass (Grade 11)

In this exercise, students were asked to determine the identity of an

unkpown apparatus. Students had to assess the results of their test and infer

whether the unknown was two bar magnets arranged with poles in the same

direction, a horseshoe magnet, two bar magnets arranged with poles in opposite

directions, an iron bar, or an aluminum bar.

The two bar magnets arranged parallel were correctly selected as the

unknown by 39 percent of the students. The most common errors were selection

of either the bar magnets arranged antiparallel or the horseshoe magnet. Most

of the students who selected the correct unknown also selected the proper

orientation of the unknown within the box. About 25 percent of the students

correctly explained why they had chosen the correct unknown. The pilot

results indicate that more males correctly completed this task than females.

The advisory panel agreed that the exercise was content oriented and

that males may have had more previous experience with such equipment.

However, they felt the task was appropriate for eleventh graders.

The administrators reported that the students liked "experimenting" with

the apparatus. The apparatus is small and, with proper instruction, it is very

easy to set up and maintain. This exercise is appropriate for eleventh

graders in a future national assessment.



GRADE 7

STATION 6

Do SUGAR CUBES DISSOLVE FASTER THAN LOOSE SUGAR? WHAT EFFECT
DOES STIRRING THE WATER HAVE?

HERE'S WHAT YOU DO:

FIND OUT WHETHER SUGAR CUBES DISSOLVE FASTER THAN LOOSE SUGAR.
You MAY USE THE EQUIPMENT IN FRONT OF YOU. EACH PACKAGE CONTAINS
THE SAME AMOUNT OF SUGAR AS ONE CUBE.

WHAT D D You FIND:

1) BRIEFLY DESCRIBE WHAT YOU DID TO COMPARE HOW FAST THE
TWO KINDS OF SUGAR DISSOLVED.

2) FILL IN THE THE BLANK SPACES :N THE SENTENCES BELOW TO
SHoW WHAT YOU FOUND.

WHEN THE WATER WAS S'IRRED, DISSOLVED
FASTER.

WHEN THE WATER WAS NOT STIRRED, THE
DISSOLVED FASTER.

EXPLAIN WHAT YOU FouR2:

3) WRITE YOuR EXPLANATICN OF THESE RESULTS.
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Activity Identification: Sugar Cubes

Grade(s): 3,7

Method of Administration: Individually Administered Investigation (3),
Self-Administered Activity (7)

Content Area: Science-Chemistry

Apparatus required: Six small glass beakers, sugar cubes in packet, six
packages of granulated sugar each containing the same mass of sugar as in one
cube; stop clock hot water in thermos

servicing: None required

I



Sugar Cubes
Station A
Grade 7 - station 6

Scoring of the Written Responses

1) Score 3 pts. if the student notes that the rate of stirring and the
amount of water needed to be controlled for in order to compare the
dissolving rates of the two types of sugar. Score 2 pts. if
the student only notes one of the variables. Therefore the student
cites one, but not more than one, of the following: stirring and not
stirring, controlling for these two types of trials (stirring and not
stirring), the amount of water in each beaker, the rate of dissolving
for both types of sugar, or the combination of these sets of
variables. Score 1 pt. if the student simply describes what was done
(i.e. I stirred the water) or what happened (i.e. They both took time
to dissolve). Score 0 if the student makes no response.

2) Score 3 pts. if the student accurately completes both sentences.
Loose sugar should be the correct answer for both sentences. Score 2
pts. if the student accurately completes one sentence but not the
other. Score 1 pt. if the student inaccurately completes both
sentences. Score 0 if the student makes no response.

3) Score 5 pts. if the student provides a plausible reason that is
consistent with the responses in 2). Score 4 pts. if the student
provides a plausible reason that is inconsistent with the findings in
2). Score 3 pts. if the student provides an erroneous reason but is
consistent with the responses in 2). Score 2 pts. if the student
provides an erroneous explanation that is inconsistent with the
responses in 2). Score 1 pt. if the student provides a description
of the findings only. Score 0 if the student makes no response.

Skills involved

In this exercise the student needs to determine how the independent
variable affects the dependent variable. This relationship can be determined
by making detailed observations involving comparisons and contrasts.



SEVENITFI (=RADE SCORE Po I NT 3

WHAT DID YOU FIND:
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SEVENTH qRADE SCORE POINT 2

1) BRIEFLY DESCRIBE WHAT YOU DiD TO COMPARE HOW FAST THE
TWO KINDS OF SUGAR DISSOLVED.

1) BRIEFLY DESCRIBE WHAT YOU DID TO COMPARE HOW FAST THE
TWO KINDS OF SUGAR DISSOLVED.
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SEVENTH GRADE SCORE POINT 1

1) BRIEFLY DESCRIBE WHAT YOU DID TO
TWO KINDS OF SUGAR DISSOLVED.

COMPARE HO4 FAST THE

1) BRIEFLY DESCRIBE WHAr YOU DID TO COMPARE HOW FAST THE
TWO KINDS OF SUGAR DISSOLVED.
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SEVENTH SPADE SCORE POINT 1 )c,A--A--

2) FILL IN THE THE BLANK SPACES IN THE SENTENCES BELOW TC
SHOW WHAT YOU FOUND.

WHEN THE WATER WAS STIRRED, THE
FASTER.

,teaf. DISSOLVED

WHEN THE WATER WAS NOT STIRRED, THE
DISSOLVED FASTER.

SEVENTH rIRADE SCORE POINT 2

2) FILL IN THE THE BLANKSPACES IN THE SENTENCES BELOW TO
SHOW WHAT YOU FOUND.

WHEN THE WATER WAS STIRU1, THE DISSOLV
FASTER.

peri.L.N THE WATER WAS NOT STIRRED, THE
DISSOLVED FASTER.

SEVENTH r-RADE SCORE POINT 3

2) FILL IN THE THE BLANK SPACES IN THE SENTENCES BELOW TO
SHOW WHAT YOU FOUND.

WHEN THE WATER WAS STIRRED, THE
0*z. 50t30.( DISSOLVE

FASTER.
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SEVENTH GRADE SCORE POINT 5

EXPLAIN W;14T YOU FOUND:
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3) WRITE YOUR EXPLANATION OF THESE RESULTS.
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EVENTK GRADE SCORE POINT 3

EXPLAIN WHAT YOU FOUND:

3) WRITE YOUR EXPLAMATION OF THESE RESULTS.
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SEVENTH riRADE SCORE POINT 2

EXPLAIN wHAT YOU FOUND:

3) WRITE YOUR EXPLANATION OF THESE RESULTS.
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SEVENTH GRADE SCORE POINT 1

EXPLAIN WHAT YOU FOUND:

3) WRITE YOUR EXPLANATION OF THESE RESULTS.
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Comments on Sugar Cubes (Grade 7)

The consultants agreed that the abbreviated version of Sugar Cubes as a

station exercise was not appropriate to include in a national assessment.

(This recommendation did not apply to Sugar Cubes as a full investigation).

The eight minutes allotted for station activities was far too short a period

of time for the students to be able to conduct what wa.; potentially a full

scale experiment.



GRADE 3

STATION 4

WHICH MAGNET IS STRONGER?

HERE ARE TWO WAYS YOU CAN TELL WHICH MAGNET IS STRONGER:

A) TEST TO SEE HOW MUCH EACH MAGNET CAN PICK UP.

B) TEST HOW HARD EACH MAGNET CAN PULL OR PUSH ANOTHER
MAGNET.

HERE'S WHAT YOU DO:

1) TEST WHICH MAGNET, A OR B, IS STRONGER.

EXPLAIN WHAT YOU FOUND:

2) WHICH MAGNET, A OR B, IS STRONGER? WHY DO YOU THINK SO?



Activity Identification: Magnets (strength)

Grade(s): 3

Method of Administration: Self-Administered Station Activity

Content Ares: Science-Physics

Apparatus required: Two disk magnets labelled A and B that are comparable in
mass, size, shape, and external appearance (strength of magnets should he such
that one magnet is 4-5 times stronger than the other one); paper clips; small,
round flat markers, plastic buttons, paper and pencil.

Administration: Magnets should be placed a hit away from the other piles of
like objects as suggested in the diagram below.

Servicing: None required



Magnets (strength)
Station B
Grade 3 - station 4

Scoring of the Written Responses

2) Score 3 pts. if the student provides one or more plausible reasons
why magnet A is stronger than the other. This reason may be based on
the instructions in part A).

Score 2 pts. if the student specifies correctly that magnet A is
stronger than magnet B without providing a plausible reason.

Score 1 pt. if the student specifies the wrong magnet with or without
a reason.

Score 0 if the student makes no response.

Skills involved

In this exercise the student must determine which of two magnets is
stronger based on comparing and contrasting the capabilities of each magnet.The student may use her or his own test of magnet strength or use the two
methods provided in the instructions. Based on the student's findings, she or
he must then i,ifer which is the stronger magnet.



THTRD GRADE SCORE POINT 3

EXPLAIN WHAT YOU FOUND*

2) w_HICH MAGNET, OOR B,

V-,c3 I
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THIRD GRADE SCORE POINT 2

tXPLAIN WHAT YOU POUND:

2) WHICH MAGNET, A OR B, IS STRONGER? WHY DO YOU THINK SO?

EXPLAIN WHAT YOU FOUND:

2) WHICH MAGNET, A OR B, IS STRONGER? WHY DO YOU THINK SO?
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Comments on Magnets (Grade 3)

In Magnets, students were asked to determine which magnet was stronger.

The task seemed appropriate and easy at the third-grade level. The stronger

magnet, A, was selected by 82 percent of the students and plausible

explanations of "why" were given by 56 percent of the students.

The administrators reported that the students liked working with the

magnets. It was the consensus of the advisory panel that the exercise was too

simplistic as presented. Tt was suggested that it be made more challenging by

the following revision, "Which magnet is stronger, A or B? Why do you think

so?" This would allow students to design their own testing methodology.

Because the second method is not useful in determining which magnet is

stronger, another suggestion was 3ssess the two methods separately and

revise the questions as follows:

What is your result using Method A?

What is your result using Method B? or

What did you find out using Method A? etc.

The revised exercise could be used at all grades. The materials are

small and very easy to set up and maintain. This exercise could be

appropriate for any future national assessment if a commercial source for the

magnets is found and if it is revised and pilot tesced.



CHAPTER 3

FULL INVESTIGATIONS
BACKGROUND
FORMAT OF THE FULL INVESTIGATIONS
ANALYSES

Activity Identification Grade(s)

Sugar Cubes

Pegboards

Density

Sorviv6l

3,

3

7,

7,

7,

11

11

11

Background

These exercises require students to design and conduct an experiment

investigating a problem posed by an administrator. As the student works on

the problem, the administrator is responsible for recording the student's

behaviors on a checklist. Immediately following the investigation, the

student is asked questions concerning the experiment. The students' oral

responses also are recorded by the administrator. In these exercises, the

purpose for collecting informat:on about the student's behaviors and oral

responses is to gain an understanding of how students apply higher-order

thinking to their investigation of perceived scientific concepts in an

experimeral setting.

The full investigation exercises are unique because they offer stuoents

an opportunity to independently devise and structure their own framework of

problem-solving rather than respond to one already presented in a given

exercise (as is the case in the group and station exercises). More

importantly, in order to devise and implement this "personalized" approach,

students are called upon to use the full range of the aspects of higher older

thinking as specified in the model of the higher-order skills framework.
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11

Three of the four full investigations, Sugar Cubes (Grade 3)9 Pegboards

(Grades 3, 7, and 11), and Survival (Grades 7 and 11) were adapted from full

investigations developed by the APU science monitoring project. Modifications

were made to these exercises in accordance with the APU recommendations for

use in the NAEP pilot test and included an abbreviated checklist of behavior

and a single column to record the behaviors for one trial of experimentation

(the APU had used multi-column checklists to better record the student's

behavior across several trials). These revisions enabled NAEP to administer

the full investigations given the limited number of administrators and time

available to train them. However, the manner in which the full investigation

problems were presented to the students was comparable to that used by the APU

for their sample except for those issues mentioned earlier in Part I of the

report.

10
The fourth full investigation, Density (Grades 7 and 11), was developed

by NAEP.

Format of the Full Investigations

All full investigations were comprised of a script, a behavioral

checklist, and a student response sheet. The scripts were read by the

administrator to the student and provided an introduction to the problem and

the task. All scripts were the same for all students within a given exercise.

The behavioral checklists were filled in by the administrator as the

student worked on the problem. Because single column checklists were

provided, the administrator was to simply check whether a behavior did or did

not occur during the student's work regardless of how many times the student

might have stopped and started over again. All checklists were divided into

sections which contained behaviors that were appropriate to the type of

problem set (e.g. problems concerned with single variable relationships).
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These behaviors inLluded those which were related to the independerii: variable

and how it is var4ed (e.g. stirring or not stirring trials in Sugar Cubes);

manner of measurement of the dependent variable and associated techniques

(i.e. timing the number of swings in Pegboards); and metUodological awareness

(i.e. acknowledgement that aspects of the experiment could be improved in all

investigations). The checklist fur Density differed from this format slightly

in that sections were divided on the basis of type of measurement and method

of computing density. The methodological awareness section was still

included. The purpose for dividinL, the checklists into sections was to

facilitate the administrators' task in filling them in, to help identify the

student's behavior on certain aspects of the problem, a,.d for purposes of

analysis. For example, the student's pattern of behavior within the

independent variable section might indicate how well the student understood

the problem and which variables needed to be manipulaLed in orde- to reach a

conclusion.

The third aspect of the full investigation exercises consisted of a

student response sheet which the student used as a space to record her or his

findings. These sheets also included ;pace for notes the student wanted to

make during work. Fur all the investigations, the response sheets were used

as a check on a student's work rather than an index of how well the student

reached a conclusion to the problem.

Analyses

Frequency Counts

For all full investigation exercises, frequency counts were computed

for each of the behavioral checklist points. These counts only included

the occurrences of a given behavior. Non-occurrences were not tabulated.

Frequency counts also were computed for scores assigned to answers on

the student response sheets.
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The analyses in z.his project were limited to frequency counts

because of Y:e small sample sizes. However, if full investigations are

used in a national assessment more Inclusive analyses should be

conducted to discrimate ,mong levels of student performance.

A note of caution should be added that the frequency counts for some

of the data may be either infled or deflated because of administrator

inconsistencies in completing the checklists.



Comments on Sugar Cubes (Grade 3)

In the Sugar Cubes full investigation, students were asked to determine

which type of sugar, loose or cubed, would dissolve faster in water when the

water was stirred and not stirred. Therefore, the independent variables in

this investigation were type of sugar; loose or cubed and stirring the water

and not stirring the water. The dependent variable was the rate at which the

sugar dissolved. The loose sugar dissolved faster under both sets of

conditions.

Review of the Frequency Data

Review of the data from the students' response sheets indicates that the

task was appropriate for third-grade students. Eighty-two percent identified

loose sugar as dissolving faster than the cube sugar and about 21 percent

accounted for how stirring affected the difference in rate between the two

sugars.

For those students who conducted either a set of stirring or non-stirring

trials, a large percentage of the students tested both types of sugar. For

example, for the not stircing trials, about 56 percent tested the loose sugar

and 73 perccnt tested the cube sugar. Similarly, for the stirring trials, 80

percent tested the loose sugar and 94 percent tested the cube sugar.

Apparently, there is substantial overlap between students who tested both

types of sugar for each set of stirring and not stirring trials. A smaller

percentage of students demonstrated conservation of the mass of sugar and

volume of the water for each of the trials. For example, for the not stirring

trials, 30 percent of the students controlled for the volume of the water used

to test the sugar and about 51 percent controlled for the mass of sugar

tested. Similarly, for the stirring trials, 46 percellt of the students



controlled for the volume of water and 70 percent controlled for the mass of

the sugar. A review of the student's use of the apparatus such as the

graduated cylinder indicated that 6 percent of the students used the cylinder

to measure water for the not-stirring trials and 4 percent of the students

used the cylinder for the stirring trials. By comparison, 49 percent of the

students measured the water by eye for the not-stirring trials and 72 percent

of the students measured the water by eye for the stirring trials.

An indication of how reliably students measured the dependent variable

might be indexed by how many students made qualitative measurements and/or no

apparent measurements. A review of the frequency counts indicates that for

the not stirring trials, 8 percent of the students made no apparent

measurements and 42 percent made qualitative measurements. For the stirring

trials, 13 percent of the students made no apparent measurements and 66

percent made qualitative measurements. These counts suggest that these

younger students tended to rely upon qualitative measurements more so than

objective measurements.

Recommendations for Future Use

The Advisory Panel agreed, after reviewing the preliminary data, that

Sugar Cubes would be an appropriate exercise for third grade students in an

assessment situation. It appeared that these students took measurements and

conducted an investigation. A closer look at the data, however, indicates

that third grade students may hav2 had difficulty determining which were the

independent and dependent variables and how best t..) test them. Given his

difficulty, a recommendation for future use of th-N, exericse among a third

grade population would be to include a smaller scale study where students are

asked to work with a single independent variable. The Advisory Panel also

suggested that the checklist be restructured so that the order in which
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behaviors were demonstrated could be recorded, and also to include some

summary statements which would note whether a student tested both types of

sugar for a given trial. The Panel noted that the questions on the response

sheet should be worded more clearly so that students better understand what

sort of answer is required.

A final recommendation would be to include more extensive training of the

administrators on this exercise so that they would be better able to observe

students' behavior and fill in the checklists more efficiently.



Comments on Pegboards (Grades 3, 7, and 11)

In the Pegboards full investigation, students were given a set of nine

different boards of three different lengths and three different widths and

asked to determine whether lengn or width would affect how fast the board

swings. Therefore, the independent variables were length and width and th9

dependent variable was the rate at which a given board would swing. For this

particular investigation, length was the key variable with shorter boards

swinging faster than longer boards. Width had a very small effect on the rate

of swing.

Review of the Frequency Data

A review of the frequency data for the students' response sheets

indicated that students in third, seventh, and eleventh grade were aware that

length varied directly with the period of the swing. These percentar. w,

37 percent, 63 percent and 61 percent for the third-, seventh-, and

eleventh-grade students, respectively. Very few students cited th, width

also made a difference (4 percent for the third graders, 9 percent or the

seventh graders, and 27 percent for the eleventh graders) which suyt dt

they were concerned with main effects only.

A survey of the checklist frequency indicated that 82 percent of t:,.e

third-grade students, 84 percent of tbr seventh-grade students, and YL percent

of the eleventh-grlde students conducted a test of length. For the test of

width, the pera:ntnges at the older grade levels were comparable. However,

many third-grade student do test F:oth variabies. Therefore seventh- and

eleventh-grade students were succcssfu' un thi.s, aspect. However, fewer

third-grade stu&nts (68 percfmt) conducted a width test. This may indi-.ate

a difficulty some younger students h6ve in dealing with more than one
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independent variable as indicated in the discussion of Sugar Cubes.

The frequency counts pertaining to the measure of the dependent 1/6,iable

indicated that some students timed between 1 and 10 swings. These perc.etages

were 6 percent for the third graders, 20 percent for the seventh grade:.z, and

31 percent for the eleventh graders. Both these sets of percentages that

across all grades, many students may not have appropriately conceptuized the

dependent variable. However, 65 percent of the third grade, 71 perct of the

seventh grade, and 74 percent of the eleventh grade students did measure the

dependent variable by making comparisons between two boards. Most c" these

comparisons appear to have been made by eye, rather than using z.jock to tifn

the rate; 82 percent at the third-grade, 73 percent at the seventh-grur di

81 percent at the eleventh-grade.

Some students chose to time the boards until the end of the movemer,,

thus failing to derive rate by considering both variables; time

oscillation. These percentages were 16 percent, 15 percent, percent

for the third-, seventh-, and eleventh-grade students, respetively.

Recommendations For Future Use

The Advisory Panel agreed that Pegboards was a difficult exercise to

administer to students within a national assessment and rQr..ommended that it

not be used.
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Comments on Density (Grades 7 and 11)

The Density task differs from the other full investigations in that it

does not involve the need to control variables. Rather, its interest lies in

how the students go about solving the problem, which can be approached in a

variety of ways. For example, some students may recognize that the solution

involves the density of the materials and may know how to compute density.

Others can work out the answers in a variety of other ways such as using the

weights of the blocks and the volumes of the blocks and box, or by using

weights and estimations with or without measurement of the blocks and/or box.

Review of the Frequency Data

Because there were inconsistencies in the line by line records on the

checklists, the students' work on the response sheets and the accompanying

checklists were reviewed holistically and the responses classified into five

types of approaches. (See Note on following page.) The score levels for each

group were tallied. The data indicate that there was very little difference

between the percentage of seventh and eleventh grade students who provided the

correct answers. However, the results of the classification suggest

differences between the grades in the approach to solving this problem

although the ',,otal number of correct responses at the two grade level was

identical. In grade 11, the direct computation of density was most used and

also produced the most scores of 3 (both heaviest and lightest correctly

determined). In grade 7, the most often used approach (other than the variety

of approaches in other) was simple estimation, but systematic estimation

produced the most scores of 3.



There was little evidence cf checking of work through repeated

measurement. However, some students did some reweighing (7 at grade 7, and 9

at grade 11) and a few students noted weights in both grams and ounces and/or

measurements in both centimeters and inches.

Recommendations for Future Use

This task may be more appropriate for grade 7 if the assessment of

creative thinking is the goal because students at this grade need to devise

their own method to solve the problem. Some 11th graders may have a learned

algorithm to apply if they recognize its appropriateness. Apparently the task

is feasible for both grades and could be used in a national assessment. It

was suggested that, if it is reused, the blocks be manufactured and made

smaller with somewhat greater diffe,..ences in density.

Note: The five types of approaches were defined as follows:

A. Density: all cases using a formal density approach, whether formulas
and/or computations were correct or not.

B. Volumes: All cases in which volumes of the blocks and of the box were
computed, whether formulas and/or computations were correct or not.

C. Systematic Estimation: all cases in which the number of blocks to fill
box was estimated but estimation was preceded by measurement of the blocks
and/or the box or where there is clear evidence of planned procedure.

D. Simple Estimation: all cases in which the blocks were weighed and then
estimation with no intermediate measurement except, in a few cases, just
the width of the box or blocks.

E. Other: all other cases including no apparent strategy, meaningless
strategy, answer based on block weights only, combinations of methods.
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Comments on Survival (Grades 7 and 11)

In the Survival full investigation, students were given two types of

material; blanket and bubble plastic, and equipment that could be used (see

actual exercise for specifications of equipment) to determine which type of

material would keep them warmer in cold, dry weather. Therefore, the

independent variables were type of material; blanket and bubble plastic and

the dependent variable was thermal conduction judged by the amount of heat

transfer blocked by each material. For this particular ivestigation, the

bubble plastic was a better insulat:Jr than the blanket.

Review of the Frequency Data

A review of the frequency data for the students' response sheets

indicated that 49 percent of the seventh graders and 61 percent of the

eleventh graders determined that the bubble plastic would keep them warmer.

The data from the frequency counts indicated that 93 percent of the

seventh graders tested the blanket material and 89 percent tested the bubble

plastic material. For the eleventh graders, 93 percent testeri the blanket and

95 percent tested the bubble plastic material. Therefore, on a single

discontinuous independent variable, performance was high. (These results are

comparable to APU findings).

A review of some of the behaviors pertaining to the students' set up of

the investigation indicated that 67 percent of the seventh-grade students

wrapped the blanket material around cans A or B which are same-sized metal

cans and 61 percent did the same for the plastic material. Similarly, 81

percent of the eleventh graders wrapped the blanket material around cans A or

B and 74 percent did the same for the plastic material. These findings

suggest that the seventh- and eleventh-grade students understoo6 the testing
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of the materials well enough to test them under comparable conditions, such as

wrapping them around a metal can of the same size. (This finding can be

compared with performances on Pegboards which also indicate that students do

control variables whose effects are known). Many of the students in both

grades also seemed to understand that hot water, rather than warm or cold,

should be placed in the cans so that retention of heat could be measured. For

example, 76 percent of the seventh graders used hot water for testing the

blanket material and 70 percent used hot water for testing the plastic. For

the eleventh graders, 65 percent used hot water for the blanket material and

61 percent for the plastic.

A review of the frequency count data for the behaviors related to

measurement of the dependent variable indicated that 35 percent of the seventh

graders took baseline readings cf the temperature for the blanket and plastic

materials. For the eleventh graders, this percentage was 65 percent. A much

smaller percentage of the students for each grade took three or more readings

of the temperature during their investigation. For example, 13 percent of the

seventh graders took three or more readings for the blanket test and 11

percent for the plastic test. For the eleventh graders, 39 percent (triple

the percent at Grade 7) took three or more readings for both the blanket test

and the plastic test. Fewer seventh-grade students made final readings than

eleventh-grade students. For example, 35 percent of the seventh-grade

students made final readings for the blanket and plastic test. For the

eleventh graders, the percentot.;e for both test was 60 percent. Thus, from

the findings presented above it 4ould appear that fewer seventh-grade students

than eleventh-grade students 1.01 V',9. solution to the problem as a comparison

of cooling curves. Many of student, seemed to consider a simple comparison of

before and after as an appropriate solution. However, both seventh- and



eleventh-grade students did show similar performance on manipulation of the

independent and control variables.

Recommendations for Future Use

The Advisory Panel agreed that Survival would be an appropriate exercixe

for Grades 7 and 11 in a national assessment.



GRADE 3

NAME

SCHOOL DISTRICT

CODE

FIND OUT IF SUGAR CUBES DISSOLVE FASTER THAN LOOSE SUGAR.

A) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.

FIND OUT IF STIRRING MAKES ANY DIFFERENCE TO HOW
FAST THE SUGAR CUBES AND LOOSE SUGAR DISSOLVE.

B) USE THE SPACE BELOW TO ANSWER THE 00:STION IN THE BOX.



Activity Identification: Sugar Cubes

Grade(s): 3, 7

Method of Administration: Individually Administered Investigation (3),
Self-Administered Station Activity (7)

Content Area: Science-Chemistry

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

.
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Individually Administered Investigation- 3
Instructions for the Administrator

Show the student the sugar cubes and the packets of: sugar.
For this question you will be dissolving sugar in water. In each of

these packets is the same amount of sugar as there is in one cube of sugar.
Pour one packet of sugar into a beaker. Pour some hot water in (about

half-full) and offer student a stirrer to stir the water.
Look what's happening to the sugar. What would you say is happening?
Accept whatever description the student gives- "disappearing", "melting"

or something comparable. If the student does not use the word "dissolvinA"
say:

The word to describe What is happening to the sugar is "dissolving"-do
you knot', that word?

If the student says "no" repeat slowly "dissolving- that is what is
happening to the sugar".

We are using warm water because sugar dissolves faster in warm water than
:old water.

I wonder if sugar cubes and packets of sugar dissolve in the same length
'f time. And I wonder if stirring makes any difference? These are the things
you can find out using the equipment here (A should point to each object as it
is mentioned). You have several packets of sugar, all with the same amount of
sugar as in one cube. There are some more bnakers and one Which can be used
to measure water. There are two stirrers, a stopwatch, a ruler and some paper
to label things if you want to. Let me just show you how to use to stop watch
(A should demonstrate). Press this button to start the tis.,er (A should press
the start button). Press this button to stop the timer (A should press that
same button if the stopwatch is the Armitron used in training. The
instructions may need to be adapted if aLother type of stop watch is used.)
You don't neeA to worry about this middle button which isn't part of the
timer. Why don't you play with this for a little while so you can make sure
that you know how to use it. (A should let the student play with the
stopwatch until it appears obvious that the student knows how to use it. If
the student Spends too much time playing with the stopwatch, demonstrate its

use one more time and then move on.) You don't have to use all these things,
just use what you want.

Turn to the student's response sheet and read out the part in the box,
pointing to each word so he can see it.

Now let's look at your sheet. Here it says what you are finding out.
Let's look at A. Find out if the sugar cubes dissolve more quickly than
packets of loose sugar. Now lets look at B. Find out if stirring makes any
difference to how fast the sugar cubes and the loose sugar dissolve.
Now there is a space here at A) for you to write down any notes as you go
along. There isn't time to write down everything you do, so just write notea
to help you remember what you did and wbat you found. Then write down the
answer to the question. Then at B) there is another space for you to take
some notes and answer the question in the box. Do you understand what you
have to do?

Answer questions about what the problem is; questions about how to tae:le
it should be addressed by something like:

You think about that and try to decide what is the best way to do it.
Then ask:

Now before you start, just to make sure that I have explained things
properly, will you tell me what it is that you are going to find out? Not how
you are going to do it, but what you tr.derstand the question to be.

Give time for the student to explain in his own words. If the student
ha.: grasped the problem, tall him to go ahead. If the student has not grasped
the problem, go over the parts which have been misunderstood. When you are
satisfied that the student understands the problem, tell the student:
2emember, you will have about 20 minutes to work on this investigation which
should be plenty of time. The student should then be told to start work.
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Observations during activity
The A should note whether the student takes any notes, however minimal.

All students should be told that if they need more room to take notes, or
write answers to their questions that they should use tt.e back of their sheet.
You need not remind the student to take notes.

When the student appears to have finished and has not written anything
for a 4 minute period of time, wait to be sure the student is finished and the
A then asks: Have you finished?

If the student says "yes", the A says: Remerber you have to put dovn
what you found on your paper.
Follow-up questions to be asked after the investi etion
3You may want to ude the information obtained here to help you fill in the
checklist)

The A looks at the student's paper and asks: May I see what you Jaye
found?

The A should note whether the findings that the student reports are the
same as what the student has done. The A
should then ask: If you could do this experiment again, using the same things
that you have here would you do it in the same way or change some things that
yr- did to make the experiment better?

The A should give the student plenty of time to answer. If the student
answer- "the same way", the A should confirm this by asking: Would there be
anythig you would change? If the student says that she or he would make
changes, the A should ask what these changes are and confirm that they are
considered to be improvements by asking why these changes would be better than
what was done before.

The A should evaluate the student's responses for a critical view of what
has been done rather then the relative utility of the changes specified.



NOT STIRRING (iv)

NAME:
CODE:
SCHOOL DISTRICT:

Sugar Cubes Behavioral Checklist

1. Loose sugar tested
2. Cube sugar tested

SET-UP (cv) 3. Volume of water measured - by eye
4. by ruler
5. by cylinder

6. Volume used < 10 cc
7. Volume used > 10 cc

8. Volume same for both types
9. Mass same for both types

MEASUREMENT (dv) O. No apparent measurement
U. Qualitative measurement
32. Clock used

13. within +- 3 secs. of start point
14. within +- 3 secs. of end point

35. Timed - until all dissolved
16. until partially dissolved
17. no clear end point

18. Fixed time - notes amount remaining

RESPONSE SHEET I*19. Reports results consistent with evidence

STIRRING (iv) 20. Stirring not tested - sugar type not controlled
21. Loose sugar tested
22. Cube sugar tested
23. Stirring tested - by counting number of stirs

24. by timing
25. Stirring at regular intervals
26. Stirring rate - constant

27. random

SET-UP (cv) 28. Volume of water measured - by eye
29. by ruler
30. by cylinder

31. Volume used < 10 cc
32. Volume used > 10 cc

33. Volume same for both types
34. Mass same for both types

MEASUREMENT (dv) 35. No apparent measurement
36. Qualitative measurement
37. Clock used

38. within +- 3 secs. of start point
39. within +- 3 secs. of end point

40. Timed - until all dissolved
41. until partially dissolved
42. no clear end point

43. Fixed time - notes amount remaining

RESPONSE SHEET *44. Reports results consistent with evidence
1

EVALUATION 01 WORK 45. Uses same water for both trials
*46. Repeats trials to check findings
47. Makes notes (however minimal)

*48. Acknowledges that procedures could be
improved if experiment repeated - aware
that certain variables could be controlled

Check off all those which apply:

Scale of experiment
(i.e. would need more apparatus: not
enough time to experiment)

Rate of stirring
Use of volume
Type of sugar tested
Volume of water used
Timing interval used
Other

(please specify)

4 71)
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Scoring of till? Response Sheets

Sugar Cubes
Grade 3

A) Score 2 pts. for correct answer uf lapse sugar. Score 1 p. for an
incorrect answer (i.e. cube). Score 0 for no response.

B) Score 5 pts. for a response which states that both types of sugar
dissolve faster but the loose sugar still dissolves the Fastest. Score 4 pts.
for a responses which states that the loose sugar dissolves faster than the
cube and that stirring or not stirring is the cause of it (i.e. Stirring makes
a big difference. The loose sugar dissolved much faster.). Score 3 ptss if
the student states that stirring does or doesn't make a difference only (i.e.
It doesn't) or how or why an effect upon the sugar is founc! only(i.e. The
stirring makes the sugar fall apart). Score 2 pts. if the student states that
one type of for sugar dissolves faster than another only. Score I pt. for an
incorrect response. Score 0 for no response.



T4RD (Wpk.D.E sdRi POINT 2

A) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.
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THIRD .r:t\DE SCORE POINT 1

A) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.

A) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOY.
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TH I RD r..;RADE SCORE Po I NT 5

B) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.
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THIRD GRADE SCORE Poirir 3

B) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.
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TH I RD GRADE SCORE PO I 2

B) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.

B) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.
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TH I RD (.42ADE SCORE PO I Nff 1

B) USE THE SPACE BELOW TO ANSWER THE QUESTION IN THE BOX.
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GRADE 3 , 7 , 1 1

NAME

SCHOOL DISTRICT

CODE

How DOES THE LENGTH OF THE BOARD CHANGE HOW FAST IT SWINGS?
How DOES THE WIDTH OF THE BOARD CHANGE HOW FAST IT SWINGS?

A) USE THIS SPACE TO MAKE ANY NOTES.

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?



Activity Identification: Pegboards

Grade(s): 3,7,11

Method of Administration: Individually Administered Investigation

Content Area: Mathematics-Geometry/Science-Physics

Apparatus required: Nine pegboards of three different lengths and three
different widths, stop clock, 12-inch ruler, two ring stands, two clamps, two
rods and hooks (picture attached).



Full Investigation - 9
Instructions for the Administrator to read to the student: A has the

middle length/middle width board hanging on the left hand stand and the
short/wide board hanging on the right hand stand before the student starts.
Both should be hanging from the same hole (middle one Dn top row).

A gives the student the response sheet and says: I have a problem for you
about these boards in front of you. Watch what happens when I start them
swinging.

The A should start the boards swinging, one after the other, casually,
without any attempt to make the amplitudes the same.

The A should say: Do they swing just as quickly as each other or is one
swinging faster? The A should make sure that the student identifies which is
swinging more quickly. The A should stop the boards swinging and look at them.

The A then says: What do you notice about the length and width of these
boards?

The A should let the student say Which is longer and Which is wider.
The A then says: Yes, they are different in length and in width, aren't

they? This might be making a difference to how fast they swing. In a minute
you are going to use these things for an experiment, so you have a good look
at them. You can take the boards off like this (A should demonstrate) and
move the hooks up or down if you like (A should demonstrate). You try doing
that and make the boards swing.

The A should allow 2 or 3 minutes for the student to play with the boards
and stands. When the student has finished put the two boards with the other
ones laid out in three piles by length.

The A then says: Now there's something about these boards that I want
you to try to find out. See if changing the length makes any difference to
how fast the :,oard swings and see if changing the width makes any difference
to bow fast it swings. You can use any of these boards- these wide ones,
these middle sized ones and these narrow ones (the A should point to each
pile). There also is a ruler and a stop clock for you to use if you think it
will help you answer the questions. This is how you can use the stop clock (A
demonstrates how to start, stop, and reset the watch). lbw you try it (A lets
the student try using the stop clock).

The A the says: Before we begin, let's read together What it says on
your sheet and make sure you understand what you have to do here. A reads
the information printed in the box on the response sheet aloud to the student
How does the length of the board change bow fast it swings? Bow does the
width of the board change how fast it swings? Here is a space (A points to A
on the response shet) where you can write down what you find out as you go
aloug. When you think you know the answers to the two questions (A points to

the questions on the student's response sheet) write them down in the spaces
that are given at /1). Do you have any questions? (A should wait to answer any
of the student's questions about how to use the equipment or about the task).

The A then says: Now before you start, just to make sure I have
explained-everything clearly, you tell me What you are going to find out.

The A should note the way that the student formulates the investigation.
If the student has put it in terms of a procedure, the A should say: Tell me
what you understand the problem to be, not what you are going to do.

When the A is satisfied that the student has grasped the problem, the A
should say: You mill have 20 minutes to work on this investigation Which
should be plenty of time. Okay, let's go ahead.



Observations during activitz
During the activity, the A should Tot interrupt the student. If the

student asks a question, the appropriate reply should be: You decide how to
do it or You can use anything in any way that you want, etc.

The A should watch the actions carefully and note the results as far as
possible on her or his own. The checklist should be used to keep track of
which boards are used and the sequence in which they are used in the grid
included on the checklist under Length (See notes on completing the checklist
for more information).

When the student appears to have finished and has not recorded anything
more at B), the A should wait to be sure that the student isn't just pausing
anu the ask: Hague you finished?

If the student says yes, the A should look over the student's paper and
ask. ";an I see what you have found?

Abe A should the read what the student has written at A) and B) (and make_-

any notes on the checklist if needed to determine whether the student's
behaviors and rer rt of findings are consistent) and ask: Was there anything
that you thought o"Iould be kept the same to make the test fair? If the A
thinks it is necessAry to follow up the question, the A then should ask: Do
you think anything else affects the result'? (The A should mark on the
checklist if another 41riable was taken into account (e.g., the position of
the clamps on the stan.". .

The A then should If you could do the experiment again, using the
same things that you have here, mould you do it in the same way or change some
things that you did to make the experiment better? The student should be
given plenty of time to answer the question. If the student says that she or
he would leave things the same way, the A should confirm this by asking:
Would there be anything you would change? If the student says that changes
would be made, the A should ask about those changes and confirm that they are
improvements. The A should say: How would that make the experiment better?



Scoring of the Response Sheets

Pegboard
Grades 3,7,11

B) Score 4 pts. for a response which states that the period varies
directly with the length and width makes no difference. Score 3 pts. for a
response which states that period varies directly with length but makes no
mention of width. Score 2 pts. for a response which states that period varies
directly with length and widtn makes a difference. Score 1 pt. for an
incorrect response. Score 0 for no response.



NAME.
CODE:
SCHCOL DISTRICT.

LENGTH (iv)

Width
Wide Middle Narrow

Pegboard Behavioral Checklist

1. Length varied
number of boards used to very length:
2. 9 boards
3. >= 3 boards

+ + + + 4. 2 boards
Long 1

1 1 1
5. Full range considered

+ + + + 6. extremes only
Med 1

1 1 1
7. adjacent only

+ + + +
Short!

1 1 1 In the grid at left, record the sequence
+ + of the boards used.

WIDTH (iv) 8. Widtl varied
number of boards used to very width:
9. 9 boards
10. >= 3 boards
11. 2 boards
12. Full range considered
13. extremes only
14. adjacent only
15. random selection

AMPLITUDE (iv) 16. Amplitude measured - by ruler
17. by eye
18. not measured

19. Controls Amplitude - same for length test
20. same for width test
21. same for both tests

22. Release method - by dropping
23. pushes hard
24. same release method for both tests
25. random method of release

In the diagram at left, indicate where within the
swing the student starts the movenent of the board.

..

MEASUREMENT (dv)

Counting

Timing

26. Clock - startee
27. within +- 2 secs. of release

28. Counted - number of swings in set time
29. between 0-4 secs.
30. between 5-10 secs.
31. > 10 secs.
32. to the end of board movement

33. Timed - one swing
34. fixed number of swings
35. 0-4 swings
36. 5-10 swings
37. 10-15 swings
38. to the end of the movement

Comparison 39. Directly compares two boards
40. by eye
41. clocks to the end of board movement
42. clocks to the end of movement of both boards1
43. clock stopped within +- 2 secs. of event 1

44. repeats comparison of boards to check
45. no apparent measurement or judgement used

1-1

METHODOLOGICAL
AWARENESS

46. Makes notes (however minimal)
47. Awareness that other variables need to be

controlled; acknowledges that aspects of the
investigation could be improved -

Check off all those which apply:

Scale of experiment
(i.e. would need more apparatus; not
enough time to experiment)

Control for length of board
Control for width of board
Control for amplitude
Use of clock
Position of the clamps
Timing interval used
Method of comparing boards
Other

(please specify)
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SEVENTH GRADE SCORE POINT 4

A) USE THIS SPACE TO MAKE ANY NOTES.
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SEVENTH GRADE SCORE POINT 4
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ELEVENTH GRADE SCORE POINT 4

A) USE THIS SPACE TO MAKE ANY NOTES.

614n1 wtlf16' VtE5 Pc's1-
Effecei- Js 5peeevi ts-C-Jarn

atta14i RP* i-`41/4) Irk%

.10"- iceP441 14.4. 56.kr \ IN) C r

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

+IX k-1-41.1 Cike.

4_ ed
s/voelle- ctenvairi+- a*

C ',ter) /4A. w t-fkriA ct ee__ ',Ai- 6.4e) c.. -i-/4 pe

wt. tAAsc--. 114, boo.e4s bet 64cse.1 pf,oikt.

INA.4 er-4.> 5 win- ID er-

.51,4e-f-cr

A) USE THIS SPACE TO MAKE ANY NOTES.

41 ri,e_ S-ee -f-or TO swl

10'35

f 1-, ry ec e v.)
41L 21 cdoot,t4 -4441 e40

erut) v.);1-k vickrk chet-rje,,

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? 'WHAT
'DIFFERENCE DUES CHANGING THE WIDTH MAKE?

1-d)/43 rea.WSi Loctrcl swiios
Siov.er , As +ke. 141'614-h !kir (f a 3es 4--1-1/11r_
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ELEVENTH GRADE SCORE POINT 4

A) USE THIS SPACE TO MAKE ANY NOTES.

/cm n1ve at- Si f27 -e

fru* 1d 50A-e- .3*;17 cv-rt pes

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHATDIFFERENCE DOES CHANGING THE WIDTH MAKE?
We. 5.40A4er c7(2,--e/t 424Ar- 1k iemr.rd

"ge- /Asec 744e iogrzi .45 V-4 e X ioe f74r- ItAto ACora-e/
OE'S.
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THIRD GRADE SCORE POINT 3

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

.111P ho Ho r 111e cf
a5 ex I i,ii if s to "II-.H yô i Ackve
-411a I ore Ie 5 yn IN nd OPe no(
t lOP1e r, .-71'he 40 170). e ed fc
11)4% n "tte Aorieilv boGN

A) USE THIS SPACE TO MAKE ANY NOTES.

/61,13 cv-y'

si-°1k?-9s ioh9/-
B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE?

DIFFERENCE DOES CHANGING THE WIDTH MAKE?

..bj..)4.- i 0 )--y Ovi 0 5viy5 i
,

'.52- laY),9 (*le.) f. /A-)0,15 tlie9, ifneleit;

WHAT

A) USE THIS SPACE TO MAKE ANY NOTES.

B)

T)i&
O1L 6,5

,11//C)2e5
WHAT DIFFERENCE DOES CHANGING THE LENGT
DIFFERENCE DOES CHANGING

T s `fi s
-) I

sen-,.0,0

MAKE? WHAT



THIRD r;RADE SCORE POINT 2

111
B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT

DIFFERENCE DOES CHANGING THE WIDTH MAKE?

.L.a.-76e Alley izrry2 ie/kAi AT-er

t), gthz_.
g

t4e, tUn4A, Wte,

)ctge-

A) USE THIS SPACE TO MAKE ANY NOTES.

5Ic: COr-s (co
cry+ oil`"5.

SklOrt e-> g-.64 y/ 0he 5 .90 -frcf -f

ftv,9

frrt e e, 10 wek le-4,4^
`11

eel 1,1 y ;-'b"Gr

5kar 1 44T ctkic,

I k
On45

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

C tior3 i hp -1-)Ir tv, -On si 1-1

-r-c46+er -+Vie-t^ b Om_
01"5

016010 ; VI 44141 -Sk; hY A CA

4 Gt-t- fr1 e4 . bl< 4 V. w 6,10.1 fry A ifrere.eme.

11,c tArts9ht.

bcp,as 3 6
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, -- - 2

A) USE THIS SPACE TO MAKE

`DJ_ .2.4.4jouir.,,a,_n_

1eAre.L.

) JVIX.-W--

/ti 1..4,3J-1.

je-RA

B) WHAT DIFFERENCE DOES CHANGING THE LF4S7-H W'HA7
DIFFERENCE DOES CHANGING THF WID7H MAKF?

T-A-9- p?Jk 1)drid IL L;Ii i_41-k -IA^d
4

-,/ Z&'
_,O,Qft. 4/7

1: / Ave1%, 4 I. )Q' t 1 7 - A4). ;./e- m" "1) )1" ),. i;.2/

L. , , P:"r 4 1..ifiZr j wy>r.,-7. ila-e... ,1.-A 21.- ..A.
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SEVENTH r;RADE SCORE POINT 2

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

S a ( oy,x, e r 0 eilrok,.f lerner

.4

A) USE

Zd:0-1

LCkCSe

Cv''OV

49 IL. y ik COQ 3.\1 LL
c-1 +t-af Sk

t
SA k

THIS SPACE TO MAKE ANY NOTES.
Q()CrYi. ..:ACc141.14c9L 137(..jn

Ow 0

s e C. n1cj ( e 'air\ a

co\
_

c
e ca. 1.12.0wse_ 5- u,

(

fl 19,30.5U.)

ry.51Ari.

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE W/DTH MAKE?



ELEVENTH f-IRADE SCORE POINT 2

A) USE THIS SPACE TO MAKE ANY NOTES.
G3ide red-

C-EICL

ri

L,) i4 Q. ..3

k-3k

It

2-n C C) -,(7 41, -- IC c)

\

\J3.1 CAc5; - 9 (3
JUiuzArIL 'N 0 t.),CNNS - 9 25

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

7:-11L-91 ,LAJ:y6/19

J2.15-*1q4A, Irocutl(k)111b ),AJJ:61c2t
Qxrcx../LPL2JL Ltc-ip

44_0(.1_--b?
(trtlYNcL Lx_fi

a;t161 .b,-Lt-tx)-e---& tyx..02)..-e,r6ururveLA

77,2z,ELA4b,

A) USE THIS SPACE TO MAKE ANY NOTEs.

Le h4 1, Si JI41? v-

Ck) idtt, feis)cti-

B) WHAT DIFFERENCE DOES CHANGING THE-LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

Q Q rnetisliA.

4°151
4iiratmorp

AQ,4

Aw-0/754

44icritio,

-ift;fin .P.011.6 1.64



A) USE THIS SPACE TO
.> Cp

re )
S

)/ I/0 tn.,

ye
6.4 da

ELEVENTH r-RADE SCORE Poira 2

MAKE ANY
sie . 12,

fp 5 4

ii

NOTES.
Pe./

19 11 4e d
,e-d f.t., ,

ve

Te d I.
kite

./12

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE?
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

s L

TLie t, 0,- I.e., )1^0 1es
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s -
441

I/ k-iff

WHAT

or 1,,,..,-c9 it- e

all- we ev e Ivo a_

II-
.11 Swt
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THIRD GRADE SCORE POINT 1

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKL, WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

44pirml,

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

Air AZ, imAiathr/ it7
pi2A/Pe;31/.<1

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

1 .
P . ALA Abme f / wrA

f/LP AL - .A ANIEWIe p 1 0.-At I



SEVENTH SPADE SCORE POINT 1

A) USE THIS SPACE TO MAKE ANY NOTES.

rh Sinar +Er' boo (d
f)ci n 4-he, ton9 e:r board .

\---cek_D 0 si--h n loccrrict 5
CI Prer in e

u.) in ch +he SoP1
--rh e r I /, boorc/

B) W_HAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

f-1

cr" iJ

4-he +Kr n

h-e v)c)i) rob- i-hcif ci re 5 nno
A' a

s 4-Ho+ rc
rd PCit, -The mer

+hag-
vve Srff Tf icdo
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SEVENTH gRADE SCORE POINT 1

A) USE THIS SPACE TO MAKE ANY NOTES.

't-Aeat"--Witaftlik -ate,00.3,a
c161PIA

(1t/%.c(11tigl-444"4ef -i/tfrr"a--iee("1"7"At -eAtzie7.41_
4-egeA4- yi

1B) WHAT DIFFERENCE D S CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

Aiee' 4,14n0.-

,

A) USE THIS SPACE TO MAKE-ANY NOTES.

dameittA ,604,61 Adi:ep 37; ;-a Sea op cis

V-4a- 4./40011,1 licoja itrIP Atit) eitattit4A. t'<a4 /44;rvl. 3 :44 3
t\Ae e)etwiiA-105- f)\;.. itemr, 61)44. *A64- Imlay Atop 141i,

`1-t- *kg &nice 2004 441culd ei to F.: -z6 seesmi
B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT

DIFFERENCE DOES CHANGING THE WIDTH MAKE?

444,0AL J- ficakl,t_ "AL. 1)11 014,41' atAc
A A.d. 1

I/

7P4 11 -*Le a /94161 aaW114/1/1
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ELEVENTH GRADE SCORE POINT 1

A) USE THIS SPACE TO MAKE ANY NOTES.

Lks) L2A -s2

LA)..,L-2)q . et-Na. c54-C,c

Go: k-k A,c21 w;LD

4-0\ 4.4) S,zzi
s si412-LOZA C:Na

B) WHAT DIFFERENCE DOES CHANG NG THE LENGTH WHAT

A)

DIFFERENCE DOES CHANGING THE WIDTH MAKE?

1.e4

6,0 s(ir,t ikt3/wi

MAKE.

USE THIS SPACE TO MAKE ANY NOTES.

a47-

Leit, AC A
_AA

..efte 64.1 _de -,zei ths44.1.

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

. 414 jk 117

4(-1., dew, 1440

e2-4,

eln.,25-1741 -4ener-06,--4
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ELEVENTH GRADE SCORE POINT 1

A) USE THIS SPACE TO MAKE ANY NOTES.

if -2 /3

(rin

B) WHAT DIFFERENCE DOES CHANGING THE LENGTH MAKE? WHAT

we.;:aht 7fe LA0', AtiziZiefA/o@
DIFFERENCE DOES CHANGING THE WIDTH MAKE?

./A deow,4A$1-<-1,0
_410A

0 lo



GRADE 7 , 1 1

NAME

SCHOOL DISTRICT

CODE

WOULD THE BOX WEIGH MOST COMPLETELY FILLED WITH MATERIAL A, OR
WITH B, OR WITH C? WITH WHICH WOULD IT WEIGH THE LEAST?

You CAN USE ALL THE THINGS ON THE TABLE TO HELP YOU FIND THE
ANSWERS.

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL



Activity Identification: Density

Grade(s): 7,11

Method of Administration: Individually Administered Investigation

Content Area: Mathematics-Geometry/Science-Physics

Apparatus required: Three blocks, labelled A, 13, and C of different sizes,
shapes, and densities; a large open box; spring scalP, ruler, hand calculator,
paper and pencil (Note: The blocks will be a rectangular solid, a cuhe, and a
triangular block which is half a rectangular solid.)

502



Individually Administered Investigation- 7,11

The A hands the student the response sheet and says: You are going to
try to find the answer to a few questions. What you need to find out is
explained on this page. Read it and then I'll answer any questions you_aay
have.

After the student finishes reading the response sheet, A says: Do you
understand what you need to find out? (A should answer any questions other
than those concerning possible approaches to the problem.) Remember that you
have to suppose that the open box could be completely filled with the material
that comprises each of the blocks. You will have 15 minutes to work on this
investigation which should be plenty of time.

Observations during activity

If the student is inactive for 4 minutes the A asks: Are you stuck?

If the student says "no", the A should ask the student if she or he
Understands the task and what has to be done. If the student is clear about
what has to be done, the A asks: Okay, why don't you try to get started?

If the answer is "yes", the A should give the following prompt: Note
that each of the blocks is a different size and shape and made of a different
kind of wood. What do you need to know about each block to decide with which
kind of wood would a filled box be heaviest or the lightest? Remember you
have a scale to weigh things and a ruler to measure things. Think about how
you can use them to help you find the answers.

The A should note whether the student takes any notes, however minimal.
The student need not be reminded to take notes.

When the student appears to have finished and has not written anything
for a 4 minute period of time, the A should wait to be sure the student is
finished and then asks: Have you finished?

If the student says "yes", the A says: Remember you have to put down
what you found on your sheet.

The A then should look at the student's paper and ask: Can I see what
you have done?

The A should note whether the information recorded is consistent with
those findings reported on the response sheet. If the A is in doubt of the
student's approach, particularly the use of a correct or an alternative
formula to compute a given measure the A should make inquiries about the
student's behavior. For example, if the A is unsure how the densities of the
blocks were found the A should ask: Show me or tell me how you figured out
the densities for each of the blocks. What did you do to make it possible for
you to compare the materials accurately?

If the A is unsure of which strategy the student used to determine with
which material the box would weigh the most/leastthe A asks: What did you
do to figure out the answers to the two questions in the box on your sheet?

If the A is unsure whether the student considered the number of blocks
that fit into the box the A should ask: Was it necessary to figure out how
many of each kind of block would fit in the box?

50:1



1

Density
Grades 7,11

Scoring of the Response Sheets

B) Score 3 pts. if the student answers both questions correctly - B for
question 1 and C for question 2. Score 2 pts. if the student answers one
question correctly. Score 1 pt. if the student answers both questions
incorrectly. Score 0 for no response.

I



BLOCK WEIGHT

NAME.
CODE.
SCHOOL DISTRICT.

Density Behavioral Checklist

1. Weighs Blocks - Block A
2. Block B
3. Block C

4. Records weight of blotks - in grams
5. in ounces
6. inconsistently

7. Does not record weights

BLOCK
MEASUREMENT

8. Measures Blocks - Block A (cube) - 3 dimensions
9. 1 or 2 dimensions
10. does not measure

11. Block B (rectangular) - 3 dimensions
12. 1 or 2 dimensions
13. does not measure

14. Block C (triangular) - 2 dimensions of base and
vertical height
15. 2 dimensions of base and slant height
16. 1 or 2 dimensions only
17. does not measure

18. Records measurements - in centimeters
19. in inches
20. inconsistently
21. does not record

111=111

BLOCK VOLUME 22. Measures Volume - Block A - uses a correct formula
23. uses an incorrect formula
24. does not compute

25. Block B - uses a correct formula
26. uses an incorrect formula
27. does not compute

28. Block B - uses a correct formula
29. uses an incorrect formula
30. does not compute

DENSITY
COMPUTATION

31. Computes Density - using a correct method
32. using an incorrect method
33. estimates by "eyeballing"
34. does not compute densities directly

BOX
MEASUREMENT

35. Measures Box - uses 3 dimensions
36. uses 1 or 2 dimensions
37. does not measure boxes

38. Computes Volume of Box - using a correct method
39. using an incorrect method
40. does not compute

41. Number Blocks fitting in box - estimates by "eyeballing"
42. computes
43. does not consider

METHODOLOGICAL
AWARENESS

44. Overall approach used - computes and compares
densities without using the box
45. computes volume E. number of each block to fill box
46. estimates number of each block to fill box
47. uses a combination of methods
48. develops unique strategy (specify)

49. no apparent strategy
50. Determines heaviest
51. Response consistent with findings above
52. Determines lightest
53. Response consistent with findings above
54. Repeats measurement - for blocks

55. for volumes
56. for densities
57. for measurement of the box
58. for all measurements
59. does not repeat any measurements

60. Makes notes (however minimal)

I.



SEVENTH (z.RADE SCORE POI NTT 3

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

IA
3 /00 5(ek415

FS t -1/13 loo (.trip
f00 50-'315

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

qTHE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL,_.

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.fy-)R\ A" we\G.k-v--.. Lk oz

LT

,
ck, s?>OX \pelSlca v-1/4-S rl-ThS"; 0 2

iroaAerva\ oul a kr\--kR
\36)( IS)ws (,00z. 0-e rYNCX-Ne

f1-. .5
1-\t\TERptu'itvi w e tc,f4 s; 9N.g ozs-o boxes cc met I/ heictele tk.,5° jr\e' '( u r c011 roPZIy\-ke'y 'et

. 0-2. ick.1 wou
B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL C..

4ri.c1 \e5 of re\ ckl.s er 0L\.

'Hrio --Vhe \D 02.
rxmLcit.Ar.erta..\ t.....)(2LA

cs?.
506



SEVENTH (=RADE SCORE POINT 3

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

o \QOb

-7 3

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL S..
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ELEVENTH PRADE SCORE POINT 3

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT

1..,i Ath 18 crY'
A 1 10 Cir. kt: t I VI f 1 rio . 25 cr.)
13 & gy , tteci 441 14c.).5 (1..-Y,
C- 100 TY,

vourne of
A L 6 cs,. ( I,. - 7 cw .r 7471,25 c.c.

V v, gcm.
1.I- (poll 14. - 2 cw -Pv lk IDA r. ..3iip.s..1
Vc1:Atref 2111, cc Vol4c01.; i 2 (1--) : 2 5, cc .)14ec 72412.'52 i

S L. 1c" 4-or 6: 'VV.., ...4.15(212g

icce .. 14 72 2(
1.1 4 CYh
gel .,91 CC -FOrC = I cq.(ir.

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW: 64,gir /

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL (t)
A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU

FIND OUT.
et.t 61-40.witmt-

30,. t Mare-
6-1 41r.' "bWele.S %AI /1"11.

COO"WI= 11`&6

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL .6
THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL C.



ELEVENTH 1"RADE SCORF POINT!. 3

tor 14
A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU

FIND OUT. V D
f)oti km en 6; D (1 5 VD

e
CIL 1;5 5

(..t. e.

G,3)( 5 :51 err% 22(v .5 cA-42'

'64iv41`(-1
)(3 () 3,5) T1,1 2.

7.f
( bast) 4heijk) (waih)

.5
cog

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL 13

THE BOX WOULD BE -GHTEST FILLED WITH MATERIAL (1,_



SEVENTH r;RADE SCORE POINT 2

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

0 Li c'...4c1Cf5 11C cA,1

75 C/Ka

3 o,,,cts 'lcn .5

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL 3

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL k

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

*C241- cre
(3- 54 Cs" 4c_ 2, fr)

--70-4111C L)

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL C.



SEVENTH ("RADE SCORE POINT 2

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOUFIND OUT.

11 0 +he_ \,c)x p (1Thc_( t (43 cz?

C. Lk.) i.c2(Ly-,.7.-; so cy (5.0-NS

141 11:). t OCV\ it00)-Nt
VD\ CC-Y-N \er\-\

t C)C-A-\ )rsylbeN )r-N

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL ('.
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ELEVENTH 9RADE SCORE POINT 2

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

Or-
Of,ctc1"42-46

4S cm,fier'y

atv 6. 'D C /Y nettk cti'd s,

a
+

y
- 6

C. 3 (xA..: ao6 +.112+,. - P-1 X 3

C

e = Ofdtome!ed 7 C/Vk L-( -Ar>146

(oat 44fig.
benowm

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW: Ar

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL .

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL C./

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

-(7, 4

j-
) -\

I/0 (3 OZ.) ,7X 3 ,2. X

1-0 Cl Lo-y, ( Z P-4.
b ui I C t >c / 2- h 0

8

12-

2 1'12
t 2..)= ( 7 >( 14 0

(I)

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW: -

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL A 9/

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL c

- 512
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ELEVEN1TH GRADE SCORE POINT 2

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

crk. \
\1612:\r- NeNeC\L-. /tc- \CSZ LP.J.ALN

\

tic

No4C2.

0,L.A.5 vo, 0

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:
Ve"

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL S?

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL IL.



SEVENTH qRADE SCORE POINT 1

A) USE THIS SPACE TO KEEP ANY NOTEs ON WHAT YOU DO AND WHAT YOU
FIND OUT.

1.?,
zic Lit"\tec

C

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL A
THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL E.

A) USE THIS SPACE TO KEEP ANY NOTES ON wHAT YOU DO AND WHAT YOUFIND OUT.

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:
THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL &

((THE BOX-W,OULD BE LIGHTEST FILLED WITH MATERIAL



SEVENTH qRADE SCORE POINT 1

A) USE THIS SPACE TO KEEP ANy NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

614,74-,,, 1157- 4 ertArdic-fili

a6 e4Lei,ell -4(ier; AA6- 11/

A-4 .4,,a2aLi-
4.etwye_eci_

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIZST FILLED WITH MATERIAL C
THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL B
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ELEvENTH GRADE SCORE POINT 1
A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOUFIND OUT.

skikLato4,d- DO

C _ dlot+

I"ob APAit

B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL B..

A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU
FIND OUT.

01 -- / 10 r,,,-",-, 7 .8 c_.- 2 e-,-

- L.C-

-7 3.5 c-^-1

Ns% Ar

-51.5Y

0
713.0

)(OS' =

14

Li 3 7 N. dr" P15-

35.7072;4
B) FILL IN THE BLANKS TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL le

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL ±L.
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ELEVENTH GRADE SCORE POINT 1

Ccm
A) USE THIS SPACE TO KEEP ANY NOTES ON WHAT YOU DO AND WHAT YOU

FIND OUT.

atnce)(317:u'
a ih

3 i /1 ti4
11/4D olxv# Iaa&idj ciAnce,#/xf-ividlY)

B) FILL IN THE BLANKE TO COMPLETE THE SENTENCES BELOW:

THE BOX WOULD BE HEAVIEST FILLED WITH MATERIAL

THE BOX WOULD BE LIGHTEST FILLED WITH MATERIAL 15

The bcx uaDuid b heck-Citeoi-

bezax.k_) INxich5 mak, Thaft5 or B. I*
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A-ton n oe_ C ause of!. (-Zer Conoek4rai1 mu fk
c,k, 4ccu nDTa. c_
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GRADE 7 , 1 1

NAME

SCHOOL DISTRICT

CODE

WHICH FABRIC WILL KEEP YOU WARMER IN COLD, DRY WEATHER?

A) USE THIS SPACE TO KEEP NOTES ON YOUR WORK.

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?



Activity Identification: Survival

Grade: 7,11

Method of Administration: Individually Administered Investigation

Content Area: Science-Physics

Apparatus repired: Five cans labelled A-E (two identical aluminum cans A and
B, one 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°C
thermometer, rubber bands, pins, transparent tape, scissors, electric kettle,
two measuring cups, sheets of blanket, sheets of plastic, fan, small ruler,
graph paper, cold water container with stopper, paper towels, pencils.

=1111

0471



Individually Administered Investigation- 7,11

Imagine that you are about to take a trip on which you could be stranded
on a mountainside in cold, dry, windy weather. You can choose to take one of
the fabrics in front of you to help keep you warn (A points to the two -
materials). What you will need to find out is (A points to the student's
response sheet):

Which fabric will keep you warmer?

I'll go through the equipment with you:

There is (A points to each piece of equipment as it is mentioned) a kettle to
heat water, a supply of cold water, rubber bands, pins, transparent tape, a
ruler, a stop watch for timing things (A allows the student to practice
starting, stopping, and resetting the clock), various cans, measuring cups,
thermometers, a fan (A allows the student to switch the fan on and off) , a
roll of paper towels, and paper and pencil to record what you find.

Let me give you a few suggestions about how you can find out which
material will keep you warmer:

o use a tin can instead of a p:e.rson
o put hot water inside to mak,. the can more life-like
o make the can a cover from the fabric
o use a fan to make an imitation wind
Do you have any questions? (A addresses any questions the student has

about using the equipment or about the task without addressing specific
questions about how the equipment may be applied to the investigation or ways
the student may approach the investigation.) Okay, let's begin. Remember,
you have to find out Which fabric will keep you warmer. You may use as much
fabric as you need. You will have 45 minutes to work on this investigation
Uhich should be plenty of time.

Observations during activity
If the student has been inactive for a period of 4 minutes, the A should

ask: Are you stuck?
If the student says "no", the A should say: Okay, continue your work. If

the student says "yes", the A should say: Just try to think about what you
might do if you were in the situation described on your sheet. Just do what
you think is the right thing to do to answer the question.

After the student has appeared to finish doing work, wait for a short
period of time to make sure the student isn't just pausing and then the A
should adk: Are you finished? (If the student says "yes" the A should
continue). Can I see what you have done?

The A then should ask: If you could do this experiment again, using the
same things that you have here, would you do it in the same way or change some
things that you did to make the experiment better? Tha A should give the
student plenty of time to answer the question. In the answer the A should
look for a critical view of what has been done rather than changes which are
necessarily better.



)
Scoring of the response Sheets

Survival

Grades 7,11

B) Score 4 pts. for the correct answer, plastic, with notes. Score 3 pts.
for the correct answer without notes. Score 2 pts. for an incorrect answer
with notes. Score 1 pt. for an incorrect answer without notes. Score 0 for
no response.

o



MATERIAL (iv)

NAME-
CODE:
SCHOOL DISTRICT:

Survival Behavioral Checklist

1. Material used - blanket
2. plastic

blan plas
ket tic

SET-VP MATERIAL 3. Material used alone
4. Material tested in water
5. Material around - hand

6. thermometer
7. Material around can - A or B

8. C
9. D
10. E
11. cylinder

12. Used material for less than 1 layers
13. plus a lid
14. plus a base

15. Used material only as a cover
16. Material fixed/held in place

SET-UP WATER 17. Used hot water (> 60 C) in can
18. Used warm water (35 - 60 C) in can
19. Used cold water (< 35 C) in can
20. Water measured - by cylinder

21. by ruler
22. by eye

23. Water not measured

Actual Volume used for each material:

Blanket <1/2 full
1/2 full
3/4 full

Plastic <1/2 full
1/2 full
3/4 full

MEASUREMENTS
(dv)

41,

24. Baseline measure of water before starting
25. Read initial temp. thermometer on outside of can
26. Thermometer used correctly (in water)
27. Clock used accurately (+- 5 secs. of reading temp.)

28. used inaccurately
29. Recorded temp. at regular intervals
30. Recorded temp. at irregular intervals
31. Number of temp. readings made: 2

32. 3-5
33. >5

34. Read final temp. of water
35. Read final temp. after fixed time
36. Read final time after fixed temp. drop
37. Time interval - < 1 minute

38. 1-2 min.
39. >2-5 min.
40. >5-10 min.
41. >10 min.

42. Used fan - to cool cans
43. to blow air through material alone
44. to dry material

45. Fan used consistently for both materials
46. Acknowledges that changes could be made in

the procedure - aware that other variables
could be controlled.

Check off all those which apply:

Scale of experiment
(i.e. would need more apparatus; not
enough time to experiment)

Use of materials
Use of water
Measurement of water temperature
Timing interval used
Use of fan
Other

(please specify)

CONTROLS (cv) Can 1 1

Volume j____1

Material 1---1 Temp. j=

Fastening Cooling ri
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SEVENTH GRADE SCORE POINT 4

B) WHAT DID YOU RIND? WHICH FABRIC WILL KEEP YOU WARMER?-

spcc)10,0,\D c \zet.iou wYls1r)
non'Ao-Vq\ 'IN d'e.,e-e)A envccarnrvi-s, +hti

4-iNifftvrAtr V\ Ail-v. i())4S36c-

holak rnKe Na; so 'A-fs--4.ernarfv-kr i (*ha*
ON)._ woz 03- a VlicahQrs dere,e

A) USE THIS SPACE TO KEEP NOTES'ON YOUR WORK.
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B) WHAT DID YOU FIND? WHICH rallIC WILL KEEP YOU WARMER?

A) USE THIS SPACE TO KEEP NOTES ON YOUR WORK.

Ck-N-Vo41.7-,

tstd.vp-

6..tco._ ;pi Co-INNS
&)-( \A; 3c1

cpS

_

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?

rQ_ C- 5 2 3



ELEVENTH (RADE SCORE Po I NT Li

A) USE THIS SPACE TO KEEP NOTES ON YOUR WORK.

?\0t,S4C -tr-ck\-.),Cc. Ov.,s jy..11 Vki-eY 4-evnp. 5go(

s-te°6
S(pt

2 SVCqovv,zo.
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B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?

11LZ ?las 4- 3c,\";'0 would. be- 3 -to es

vuevr.AIN 4r 411art Vi o b .

A) USE THIS SPACE TO KEEP NOTES ON YOUR WORK.

VItt3°7
14A:

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?J tA tI Pidt h k/4/24 A. A ie.,c1

11. . . . , Ar. .
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ELEVENTH r7RADE SCORE POINT 4

USE THIS SPACE TO KEEP NOTES ON YOUR WORK,

- -k0-+ (iprAt tvlarAJCIANci tQA/Ap q 9 °C zo Azz

hil t-

Z 5 °C ts;ved 20'
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B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU.WARMER?
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SEVENTH FRADE SCORE POINT 3

)3) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?
) -)-kQ

d i L

./\),atig LIjjojk Akttit/1. kIrr%, 4A- :el,AA-ksli 15t, klytt...Q.e..
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ELEVENTH (..RADE SCORE POINT 3

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?

)e\'lle V
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SEVENTH GRADE SCORE PO I NT 2

USE THIS SPACE TO KEEP NOTES ON YOUR WORK.

otc2.1-e c'75 1)L-c 5 g'

°Jose, r (":"7 , kir1 ke_cp
c_cd seg

10 5e-c
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B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?
()%c \,eA j \LJR, OWNS-

A) USE THIS SPACE TO KEEP NOTES ON YOUR WORK.
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B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?
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SEVENTH 1,RADE SCORE POINT 2

A) USE THIS SPACE TO KEE

17 As
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p NOTES ON YOUR WORK
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B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?
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ELEVENTH CiRADE SCORE POINT 2

A) USE THIS SPACE TO KEEP NOTES ON YOUR WORK.

0\ Plas-b N,)r Ch cd- c
L-tiP )
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B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU.WARMER?
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ELEVENTH riRADE SCORE Pon\n- 2

vot. r-t /6- 0
.

WHICH FABRIC WILL KEEP YOU WARMER' IN COLD, DRY WEATHER?
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(g° 1'1 CA) USE THIS SPACE TO KEEP NOTES ON YOUR WORK.
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WHICITIFA RICIIILKEEP YOU WARMER?

K)]

so /14..s 3,1,4

JI,N0.B) WHAT DID YOU

1)34 -14
= 3 frpt-d

I
1, 3

1 . 0 5
e 252_5_

b ,71
2 Vo e 64

FIND?

(A-);11 kEALP___1A,
eA9-elei (21A-ti e2,1 .

064-4-pkt.

r,
C.,

531



ELEVENTH GRADE SCORE POINT 2

(Car

WHICH FABRIC WILL KEEP YOU WAlitiE12. IN ,C0kD,

A) ,USE THIS SPoCE ITO
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KEEP NOTES ON YOUR WORK.
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B) WHAT DID YOU FIND? WHICH *WILL KEEP YOU WARMER?
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SEVENTH gRADE SCORE POINT 1

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEr YOU WARMER?
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kper s CI 41 U_ION" vvl en .

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?
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B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?
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ELEVENTH GRADE SCORE POINT 1

B) WHAT DID YOU FIND? WHICH FABRIC WILL KEEP YOU WARMER?
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