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The task207

The task was in the form of an investigation in which students were asked to test the
hypothesis that the unusually cold temperatures at the time of the Space Shuttle Challenger
launch might have reduced the ability of O-Rings to expand and seal the Solid Fuel Booster
Rocket Field Joints. Students designed and performed experiments in research teams. The
students then prepared individual reports of their findings to the Challenger Commission as a
homework assignment.

Circumstances of performance
This sample of student work was produced under the following conditions:

√ alone in a group
in class √ as homework

√ with teacher feedback with peer feedback
timed √ opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards:208

S1b Physical Sciences Concepts: Structure and properties of matter.

S1d Physical Sciences Concepts: Motion and forces.

S4a Scientific Connections and Applications: Big ideas and unifying concepts.

S5a Scientific Thinking: Identify and control variables.

S5e Scientific Thinking: Identify problems.

S5f Scientific Thinking: Work individually and in teams.

S6c Scientific Tools and Technologies: Collect and analyze data.

S7a Scientific Communication: Represent data in multiple ways.

S7b Scientific Communication: Argue from evidence.

S7e Scientific Communication: Communicate in a form suited to the purpose and the
audience.

S8a Scientific Investigation: A controlled experiment.

What the work shows

S1b Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of structure and properties of matter….
(A) The student states that “…O-Rings when frozen or cold will react different. I feel they
won’t stretch properly…” indicating an understanding of how environmental conditions may
affect the physical properties of materials.

207 For related work on Force and Motion, see “Come Back Can”, page 60, and “Mechanical Nut”, page 188.
208 The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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S1d Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of motion and forces,….

(B) The student designed an experiment in which increasing force was applied to the rubber
band. The student measured the change in length resulting from the increase in applied force.

S4a Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as…cause and effect.
(A) The student links the temperature effects on rubber elasticity with the failure of the O-
Rings to perform properly during the Challenger launch.

S5a Scientific Thinking: The student identifies and controls variables in
experimental…research.
(B) The student altered the independent variable (marble mass) in a systematic manner and
evaluated the dependent variable (rubber band length). “We then proceeded to add five
marbles at a time. …we measured the stretch of the rubber band.”

(C) “The next day, we did the exact experiment with one change. The plastic bowl this time
didn’t have ice.” This clearly indicates understanding of the importance of altering only one
condition at a time.

S5e Scientific Thinking: The student identifies problems…evaluates the accuracy, design,
and outcomes of investigations.
(D) The student raises the duration of exposure to freezing temperatures as a possible
variable, and suggests extending the exposure time to determine if this has a significant effect
on elasticity.

S5f Scientific Thinking: The student works individually and in teams to collect and share
information and ideas.
(E) The student indicates in the Procedure section that experiments were designed and
performed as a team, but the data analysis, graphing and report writing were done
individually.

S6c Scientific Tools and Technologies: The student collects and analyzes data….
(F) The student indicates that experiments were repeated three times, and the results
averaged to obtain a more precise measurement.

(G) The student calculated a percent change in length to analyze the experimental results.

S7a Scientific Communication: The student represents data and results in multiple ways,
such as numbers, tables and graphs….
(H) The student presented the raw, averaged and percent change in length data in table
forms.

(I) The student graphed the averaged data for the two experimental conditions (with and
without ice).

(J) The student graphed the percent change in length data for the two experimental
conditions.

(K) The student provided a drawing of the experimental setup to supplement her written
description of the equipment used.
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S7b Scientific Communication: The student argues from evidence….

(L) The student notes the change in elasticity as a result of cooling demonstrated by her data
and argues that this is consistent with her hypothesis that the Challenger O-Rings were unable
to perform properly on the day of the accident.

S7e Scientific Communication: The student demonstrates effective scientific
communication, that is the student communicates in a form suited to the purpose and the
audience….
The student work contains Introduction, Materials, Procedure, Results, and Discussion
sections, typical of a formal scientific report. This is appropriate to the assigned task of
reporting results to a Presidential Commission.

S8a Scientific Investigation: The student demonstrates scientific competence by completing
a controlled experiment.
(C) The experiment described in this procedure is properly designed to evaluate the effect of
temperature on elasticity. The same procedure was used for experiments at room and ice
temperatures.
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The task209

Students in a high school environmental science class were asked to compare an unbuffered
solution with a buffered solution by using the technique of titration. This assignment was one
of the lab activities in a unit on acid rain.

Circumstances of performance
This sample of student work was produced under the following conditions:

alone √ in a group
√ in class √ as homework

with teacher feedback with peer feedback
timed opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards:210

S1c Physical Sciences Concepts: Chemical reactions.

S4a Scientific Connections and Applications: Big ideas and unifying concepts.

S4b Scientific Connections and Applications: The designed world.

S5a Scientific Thinking: Frame questions to distinguish cause and effect; identify or control
variables in experimental or non-experimental research settings.

S5b Scientific Thinking: Use concepts from Science Standards 1–4.

S6a Scientific Tools and Technologies: Use technologies and tools.

S7a Scientific Communication: Represent data and results in multiple ways.

S7b Scientific Communication: Use facts to support conclusions.

What the work shows

S1c Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of chemical reactions, such as everyday examples of chemical reactions.
(A) (B) The student expresses understanding of the nature of chemical reactions in the concise
explanations of the effects of buffers on ions.
(A) The student’s explanation of why calcium carbonate is not a good buffer demonstrates an
understanding of the role of ionic dissociation in a subsequent chemical reaction.

209 For related work on Acids and Bases, see “Acid/Base”, page 70, and “Acid Rain”, page 198.
210 The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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S4a Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as…cause and effect.

(B) The student explicitly states that increasing the proportion of Na2HPO4 (sodium
phosphate) in relation to the acid will result in the release of more ions.

Throughout the answer to question 1 and especially at (D), the student expresses the results
of the investigation as causal relationships.

(E) In the answer to question 2, the student clearly states the chemical cause behind the
sudden change in the pH data.

S4b Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of the designed world, such as the reasonableness of
technological designs.
(F) Throughout the answer to question 6, the student logically and correctly identifies
scientific limitations to the use of lime in neutralizing an acidic lake. The student’s statements
are actually conclusions based on the outcome of the investigation.

(G) At the end of the answer to question 6, the student describes a fundamental societal
limitation—economic—on large-scale use of lime to neutralize an acidic lake.

S5a Scientific Thinking: The student…identifies variables in experimental and non-
experimental research settings.
(B) The student correctly identifies the proportion of Na2HPO4 as the variable that determines
its capacity to absorb acid.

(H) The student correctly identifies the addition of lime as a variable that will increase pH,
and states that the addition of other acids—another variable—will lower the pH.

(I) The student notes the simultaneous effects of two variables in this statement.

S5b Scientific Thinking: The student uses concepts from Science Standards 1 to 4 to explain
a variety of observations and phenomena.
(J) The student uses understanding of S1c, specifically ionization and buffering, to explain the
phenomena observed.

(K) The student applies understanding of S1c to a new situation in the suggestion that
biological (“organic”) inhabitants of a lake may excrete basic substances, and that
introduction of such species into a damaged lake might provide natural buffering.

S6a Scientific Tools and Technologies: The student uses technology and tools…to observe
and measure…with appropriate consideration of accuracy and precision.
(L) The student’s collection of data demonstrates competence in using lab equipment (pH
meter and equipment for titration) and the ability to observe and accurately measure
phenomena. The student demonstrated appropriate consideration of accuracy and precision
by recording consistent significant figures.

S7a Scientific Communication: The student represents data in multiple ways, such as tables
and graphs…and selects the most effective way to convey the scientific information.
(L) (M) The student’s data are expressed in both table and graph forms. The graph organizes
data from the table so that a viewer can instantly compare the buffering abilities of sodium
phosphate and water.
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S7b Scientific Tools and Technologies: The student uses technology and tools…to observe
and measure…with appropriate consideration of accuracy and precision.

(J) The answer to question #3 indicates the student’s ability to argue from evidence. The
decision that water is not a good buffer is based on data produced through experimentation.

Spelling errors present in this work do not detract from the quality of the science.

Following are the lab questions answered by the student:

1. Examine your graph for the titration of sodium phosphate. Explain the shape of the
three parts of the curve.

2. Explain why below pH 6 the curve drops off sharply.

3. Compare the titration curves obtained for water and for sodium phosphate. Explain
the difference.

4. How could we increase the capacity of our sodium phosphate solution to absorb acid?

5. Calcium carbonate is not particularly soluble in water (very little of it will dissolve in
water). What problem does this present.

6. “Lime” is actually calcium hydroxide [Ca(OH)2]. Why is trying to neutralize an acidic
lake using lime not a good idea?

7. Give a better strategy for neutralizing the waters of an acidic lake.

8. Predict the contents of commercial preparations used to increase the pH of fish tanks.
Why is the method of increasing pH in the fish tank critical?
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The task
Students were asked to conduct a simple experiment in which they recorded temperature
changes that accompany the melting and boiling of a pure substance. This assignment was
given to students in a Science Research class.

Circumstances of performance
These samples of student work were produced under the following conditions:

√ alone √ in a group
√ in class √ as homework

with teacher feedback with peer feedback
√ timed opportunity for revision

These work samples illustrate standard-setting performances for the following parts of the
standards:211

S1b Physical Sciences Concepts: Structure and properties of matter.

S1e Physical Sciences Concepts: Conservation of energy and increase in disorder.

S4a Scientific Connections and Applications: Big ideas and unifying concepts.

S5b Scientific Thinking: Use concepts from Science Standards 1–4.

S6a Scientific Tools and Technologies: Use technologies and tools.

S6e Scientific Tools and Technology: Recognize and limit sources of bias in data.

S7a Scientific Communication: Represent data and results in multiple ways.

What the work shows

S1b Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of structure and properties of matter, such as…characteristics of phase
changes.
(A) The student describes the observed process in terms of phase change characteristics.

(B) (C) The student describes changes in temperature in terms of molecular interactions.

(D) The student’s hypothesis clearly relates phase change and energy.

S1e Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of conservation of energy and increase in disorder, such as kinetic and
potential energy…and effects of heat and pressure.
(A) (F) The student describes how a transfer of energy causes a phase change.

(D) The student describes the effects of heat in relative terms.

(E) The student demonstrates understanding of the relationship between kinetic energy, heat,
and temperature.

211 The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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S4a Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as…cause and effect.

(C) (G) (H) The student demonstrates understanding of cause and effect relationships
between change of temperature and change in state of matter.

S5b Scientific Thinking: The student uses concepts from Science Standards 1 to 4 to explain
a variety of observations and phenomena.
(I) The student uses the concept of phase change to explain constant temperature during the
observation.

(J) The student compares the liquid and gaseous phases of water in terms of relative
molecular organization and motion.

S6a Scientific Tools and Technology: The student uses technology and tools (such as
traditional laboratory equipment…) to observe and measure…phenomena, directly…with
appropriate considerations of accuracy and precision.
(K) (L) (M) The student uses various pieces of laboratory equipment to observe and measure
the effects of heat.

S6e Scientific Tools and Technology: The student recognizes and limits sources of bias in
data, such as observer and sample biases.
(N) The student indicates that calibration of the thermometer is needed in order to get an
accurate temperature reading.

S7a Scientific Communication: The student represents data and results in multiple ways,
such as numbers, tables and graphs; [and] technical…writing; and selects the most effective
way to convey the scientific information.
(A) (B) (D) (F) (G) (H) These items and others indicate the student’s ability to convey
information through technical writing. It should be noted that errors in Sample 1 should be
corrected in a revision. In item 2a, for example “liquid to gas” should be corrected to “solid
to liquid.” In item 4a, the water molecules are most definitely in motion at 100 degrees
Celsius. The student’s logic is correct in 4a, but the statement regarding molecular motion
indicates a misconception that needs to be corrected.

(M) (O) The student records data in tables.

(P) (Q) The student uses a graph to represent the data recorded in the tables.
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The task
This experiment was a modification of an experiment in the text Chemistry: Visualizing
Matter (Holt, Rhinehart & Winston). In this activity, students were asked to design an
experiment to prove whether a worker’s claim that he was burned by a mixture two cleaning
fluids was true. This assignment was given to a Regent chemistry class.

Circumstances of performance
This sample of student work was produced under the following conditions:

√ alone √ in a group
√ in class √ as homework
√ with teacher feedback with peer feedback
√ timed √ opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards:212

S1c Physical Sciences Concepts: Chemical reactions.

S4a Scientific Connections and Applications: Big ideas and unifying concepts.

S5a Scientific Thinking: Frame questions to distinguish cause and effect; identify and
control variables.

S5b Scientific Thinking: Use concepts from Science Standards 1–4.

S6a Scientific Tools and Technologies: Use technologies and tools.

S7a Scientific Communication: Represent data and results in multiple ways.

What the work shows

S1c Physical Sciences Concepts: The student produces evidence that demonstrates an
understanding of chemical reactions such as every day examples of chemical reactions….
(A) In the statement of purpose the student states that the reaction between sodium
hydroxide(NaOH) and hydrochloric acid(HCl) involved heat change.

(B) This understanding is also expressed in the hypothesis, which states that the mixture will
produce sufficient heat to cause a burn.

S4a Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as…cause and effect.
(C) The question clearly indicates that the student is looking for a cause and effect
relationship.

(D) The student determined that the mixture could cause a burn because of the heat
generated during the reaction.

(E) The student states that the concentration of sodium hydroxide remaining unreacted was
too small to cause a chemical burn.

212 The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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S5a Scientific Thinking: The student frames questions to distinguish cause and effect; and
identifies and controls variables in experimental and non-experimental research settings.

(C) The student frames the question appropriately.

(F) A review of the formulae in the “Analysis and Interpretation of Results” makes it very
clear that the student identified and controlled variables, both in the experiment itself and in
the follow-up analysis.

S5b Scientific Thinking: The student uses concepts from Science Standards 1 to 4 to explain
a variety of observations and phenomena.
(F) Throughout the “Analysis and Interpretation of Results” the student uses physical science
concepts from S1c expressed as formulae.

(G) The student expresses concepts from S1c in the “Related Background Information”
section, and used them to develop the hypothesis.

S6a Scientific Tools and Technologies: The student uses technology and tools (such as
traditional laboratory equipment…) to observe and measure objects…and phenomena,
directly, indirectly, and remotely, with appropriate consideration of accuracy and precision.
(H) (I) The materials list and the “Experimental Procedure” section make it clear that the
student used a graduated cylinder, a calorimeter, and a Celsius thermometer.

S7a Scientific Communication: The student represents data and results in multiple ways,
such as numbers [and] tables…and selects the most effective way to convey scientific
information.
(F) Throughout the “Analysis and Interpretation of Results” section, the student conveys
scientific information through the use of formulae.

(J) (K) The student records data in a table format.
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The task213

Sample 1 was an entry in a Golden State Examination Science Portfolio for the category
“problem solving investigation.” Students were required to submit a piece of work and the
“Self-Reflection Sheet.” In this case, the student designed and conducted an investigation to
determine the density of sand. Sample 2 was done in class as a regular lab.

Circumstances of performance
These samples of student work were produced under the following conditions:

alone √ in a group
√ in class as homework
√ with teacher feedback √ with peer feedback

timed √ opportunity for revision

These work samples illustrate standard-setting performances for the following parts of the
standards: 214

S1b Physical Sciences Concepts: Structure and properties of matter.

S5a Scientific Thinking: Frame questions to distinguish cause and effect; and identify or
control variables.

S5e Scientific Thinking: Evaluate the accuracy, design, and outcomes of investigations.

S5f Scientific Thinking: Work individually and in teams.

S6a Scientific Tools and Technologies: Use technology and tools.

S7e Scientific Communication: Write instructions that others can follow.

What the work shows

S1b Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of the structure and properties of matter….
(A) (B) (C) Throughout the work, the student explained the relationship between mass,
volume, and density, often with a level of detail revealing excellent conceptual
understanding. There is also ample evidence that the student appreciated the relevance of
density in everyday situations.

S5a Scientific Thinking: The student frames questions to distinguish cause and effect; and
identifies or controls variables in experimental and non-experimental research settings.
(D) Here and throughout, the work displays evidence of appropriate scientific thinking and
use of experimental data to reach conclusions.

213 For related work on Density, see “Flinkers”, page 76, “Discovering Density”, page 209, and “Density”, page 423.
214 The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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S5e Scientific Thinking: The student identifies problems; proposes and implements
solutions; and evaluates the accuracy, design, and outcomes of investigations.

(E) (F) (G) The student continually evaluated and critiqued the appropriateness of the
experimental design and the accuracy of the measuring process, and described the situations
in which the techniques employed would be most effective.

S5f Scientific Thinking: The student works individually and in teams to collect and share
information.
(E) Comparison of results among groups provided partial confirmation of results.

(H) The student has acknowledged the benefits of collaboration.

S6a Scientific Tools and Technologies: The student uses technology and tools (such as
traditional laboratory equipment…) to…measure objects directly, indirectly…, and with
appropriate consideration of accuracy and precision.
(I) (J) The student used traditional methods.

(E) Comparison of results among groups was an effective method for judging accuracy.

S7e Scientific Communication: The student communicates in a form suited to the purpose
and the audience, such as by writing instructions that others can follow….
(K)
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Reproduced by permission. Copyright, California Department of Education.
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Sample 1 (cont.)
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The task215

The students were asked to describe how to find the density of different substances.

Circumstances of performance
This sample of student work was produced under the following conditions:

alone √ in a group
in class √ as homework
with teacher feedback with peer feedback
timed opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards: 216

S1b Physical Sciences Concepts: Structure and properties of matter.

S5e Scientific Thinking: Evaluate the accuracy, design, and outcomes of investigations.

S6a Scientific Tools and Technologies: Use technologies and tools.

S7a Scientific Communication: Represent data and results in multiple ways.

S7e Scientific Communication: Communicate in a form suited to the purpose and the
audience.

What the work shows

S1b Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of the structure and properties of matter….
(A) Here, and throughout the work, the students show their understanding of density.

S5e Scientific Thinking: The student identifies problems, proposes…solutions….
(B) The students point out that customary technique for finding the volume of an irregular
solid, water displacement, which they used for the rock, will not work for solids with
densities less than water. They propose a reasonable solution to that problem by suggesting
that the less dense solid be attached to a very dense solid, such as iron, so that the combined
density would be greater than water. Thus, the combined solid would sink.

S6a Scientific Tools and Technologies: The student uses technology and tools…to observe
and measure objects…directly and indirectly…with appropriate consideration of accuracy
and precision.
(C) Attention to accuracy is evident in the care taken with significant digits.

(D) (E) Attention to precision is evident in the comments about holding and reading a ruler
and reading the level of the graduate cylinder.

215 For related work on Density, see “Flinkers”, page 76, “Discovering Density”, page 209, and “Density of Sand”,
page 412.
216 The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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S7a Scientific Communication: The student represents data and results in multiple ways,
such as…tables, and graphs;…diagrams….

(C) The table is well designed to show which values were measured and which were
calculated.

S7e Scientific Communication: The student communicates in a form suited to the purpose,
such as by writing instructions that others can follow….
Throughout the work, especially at (D) and (E), the instructions are very straightforward and
easy to follow.

A
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D

E
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C
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B
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Translation

A
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Translation (cont.)

E

D



Work Sample & Commentary: Density
High School Science

New Standards Performance Standards
New York City Science—First Edition 431

Translation (cont.)
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Translation (cont.)

C

B


