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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.

Circumstances of performance
Students were expected to work in a group/pair, write the laboratory report on their own, activity was timed and in class, report
written outside of class with teacher feedback.

What the work shows

Characteristics of Science
Habits of Mind
SCSh1. Students will be aware of the importance of curiosity, honesty, openness, and skepticism in science and will
exhibit these traits in their own efforts to understand how the world works.

a. Understand how curiosity, honesty, openness, and skepticism affect the progress of scientific inquiry, and exhibit
those traits in their own scientific activities.

SCSh2. Students will have the computation and estimation skills necessary for analyzing data and following scientific
explanations.

a. Find answers to scientific problems by substituting numerical values in simple algebraic formulas, and judge
whether the answer is reasonable by reviewing the process and checking against typical values.

b. Decide what degree of precision is adequate, and round off the result of calculator operations to enough significant
figures to reasonably reflect those of the inputs.

c. Address the relationship between accuracy and precision and the importance of each.

d. Express and compare very small and very large numbers in scientific problems using powers-of-ten notation. Recall
immediately the relations among 10, 100, 1000, 1 million, and 1 billion (knowing, for example, that 1 million is a
thousand thousands).

e. Trace the source of any large disparity between an estimate and the calculated answer for a scientific
problem. Consider the possible effects of measurement errors on calculations.

SCSh3. Students will be able to use tools and instruments for observing, measuring, and manipulating objects in
scientific activities.
c. Develop and use systematic procedures for recording and organizing information.
SCSh4. Students will be able to use the ideas of system, model, change, and scale in exploring scientific and
technological matters.
a. Apply the concept of a system to the analysis of how things work and the design of solutions to problems. Specify
the system’s boundaries and subsystems, its relation to other systems, and its input and output.
SCShS. Students will be able to communicate scientific ideas and activities clearly.
a. Write clear, coherent accounts of scientific activities, including possible analyses and alternative interpretations of
the results.
b. Choose appropriate summary statistics to describe group differences, always indicating the spread of the data as well
as the data’s central tendencies.
c. Make and use tables, charts, graphs, and scale drawings to make scientific arguments and claims in oral and written
presentations.
d. Participate in group discussions on scientific topics by restating or summarizing accurately what others
have said, asking for clarification or elaboration, and expressing alternative positions.

SCSh7. Students will be able to question scientific claims and arguments effectively.

a. Identify the flaws of arguments based on the faulty, incomplete, or misleading use of numbers, such as instances in
which (1) average results are reported, but not the amount of variation around the average, and (2) a percentage or
fraction is given, but not the total sample size (as in “9 out of 10 dentists recommend...”).

c. Suggest alternative ways of explaining data and criticize arguments in which data, explanations, or conclusions are
represented as the only ones worth consideration, with no mention of other possibilities. Determine whether both
supporting and contrary data relevant to a claim have been set out.

Nature of Science
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SCSh8. Students will be familiar with the character of scientific knowledge and how it is achieved.
a. Scientists assume that the universe is a vast single system in which the basic principles are the same everywhere.
The principles may range from very simple to extremely complex, but scientists operate on the belief that the
principles can be discovered.
c. Hypotheses often guide scientists’ choices of what data to pay attention to, what additional data to seek, and how to
interpret both new and previously available data.
Content
SP1. Students will be familiar with the forms and transformations of energy and with the significance of energy in
understanding the structure of matter and the universe.
a. Students will analyze, evaluate, and apply the principal of conservation of energy and measure the work-energy
theorem by:
e Describing total energy in a closed system.
e. Students will analyze the relationship among temperature, internal energy, and the random motion of atoms,
molecules, and ions (First and Second Laws of Thermodynamics).
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GThe student describes changes in temperature in terms of molecular interactions. The student demonstrates understanding of
cause and effect relationships between change of temperature and change in state of matter.

oThe student describes how a transfer of energy causes a phase change.
oThe student uses the concept of phase change to explain constant temperature during the observation.
The student uses various pieces of laboratory equipment to observe and measure the effects of heat.

ﬂThese 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.
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@The student demonstrates understanding of cause and effect relationships between change of temperature and change in state
of matter. 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.

@The student uses various pieces of laboratory equipment to observe and measure the effects of heat. The student records data
in tables.

@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.
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oThe student’s hypothesis clearly relates phase change and energy. The student describes the effects of heat in relative terms.
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.

oThe student uses a graph to represent the data recorded in the tables.
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oThe student describes the observed process in terms of phase change characteristics. The student describes how a transfer of

energy causes a phase change.

The student describes changes in temperature in terms of molecular interactions.

GThe student demonstrates understanding of the relationship between kinetic energy, heat, and temperature.

oThe student demonstrates understanding of cause and effect relationships between change of temperature and change in state

of matter.

oooThese 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.

oThe student records data in tables.
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oThe student compares the liquid and gaseous phases of water in terms of relative molecular organization and motion.
oThe student uses various pieces of laboratory equipment to observe and measure the effects of heat.
oThe student indicates that calibration of the thermometer is needed in order to get an accurate temperature reading.

oThe student uses a graph to represent the data recorded in the tables.
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