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CAPT Science Framework
The CAPT Science Framework was developed by an advisory committee of Connecticut
educators and is based on current research and theory about science instruction and assessment.
The CAPT Science Framework is based on the idea that science is not only a body of
knowledge, but also a way of thinking about the world around us and a concern for how that
knowledge is used. The framework thus addresses three major questions: What do students know
in science? (Conceptual Understanding), What do students do with their scientific knowledge?
(Applications), and How do students know in science? (Experimentation). The content is drawn
from three major areas: (1) Life Science, (2) Physical Science and (3) Earth Science. The CAPT
Science Framework was developed using the Connecticut Guide to Curriculum Development in
science. It should be noted that the science component of the CAPT is not a test of high school
science content, but rather a cumulative assessment covering science content and skills that
students should have acquired in grades K-10.

Assessing Conceptual Understandings and Applications
The goal of teaching scientific concepts is to increase students’ understanding of the natural
world around them. But what does it mean to understand a concept? For the CAPT,
understanding a concept means going beyond the recall of facts to using one’s knowledge to
describe, explain and make predications about various phenomena based on that knowledge.
Science does not exist in a vacuum. Rather, it is a vital part of today’s world serving to inform
and advance society. For this reason, students need to be able to apply scientific reasoning and
knowledge to solve daily life and technological problems. In addition, students need to be able to
communicate scientific understandings through words, graphs, charts and equations. The
assessment of conceptual understanding and applications includes both multiple-choice and
open-ended questions.
One of the goals of science education is to prepare students for adult life. This means helping
students make informed decisions about issues of society, the environment and technology. The
CAPT Interdisciplinary Writing test assesses students’ abilities to apply their scientific
knowledge and skills along with what they have learned in other subject areas to these issues.
(See CAPT Interdisciplinary Writing Test 2003 Administration: Released Items and Scored
Student Responses for more information.)
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Assessing Experimentation
Science is not a matter of belief; rather, it is a matter of conclusive evidence that can be
subjected to the tests of observation and objective reasoning. Experimentation and the ability to
apply scientific reasoning to solve problems are a major focus of the Science assessment.
To assess experimentation, students participate in a hands-on laboratory activity several weeks
prior to the written test. This performance task asks students to design and carry out their own
experiment to solve a problem and write about their results in an authentic format. Students are
not scored on their actual performance on this task at the state level. Rather, teachers are
encouraged to score their own students’ work and provide students with feedback about their
performance. On the written test, students are given follow-up questions which relate directly to
the hands-on task. These questions are scored at the state level and become part of the student’s
score on the science portion of the CAPT.

2003

Science

139

CAPT Science Process Strands
CONCEPTUAL UNDERSTANDING AND APPLICATION OF SCIENTIFIC KNOWLEDGE
• Describe natural phenomena with appropriate scientific terms.

• Explain natural phenomena with scientific concepts.
• Predict future events based on scientific knowledge.
• Apply scientific reasoning and knowledge.
• Interpret and communicate scientific information using words, equations, graphs and charts.
EXPERIMENTATION
• Recognize and define problems for scientific investigations.

• Design appropriate procedures to solve the problem.
• Predict the results based on knowledge of problem-related content.
• Conduct investigations, collect data and record observations.
• Interpret data, draw conclusions and assess their validity.
CAPT Science Content Strands
LIFE SCIENCE
• Ecosystems

• Genetics and Evolution
• Cells
• Human Biology
PHYSICAL SCIENCE
• Structure of Matter

• Reactions and Interactions
• Forces and Motion
• Energy Sources and Transformations
EARTH SCIENCE
• Astronomy

• Earth’s Natural Resources
• Meteorology
• Earth History and Dynamics
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Life Science
Ecosystems
As a result of studying various ecosystems:
Students understand that while matter is recycled in an ecosystem, there is a one-way flow
of energy in ecosystems.
• Explain how carbon dioxide and water are converted into energy-rich foods through an
energy capturing mechanism (photosynthesis).

• Describe the transfer of energy from the sun to the environment and back to space, through
food webs consisting of producers, consumers and decomposers.

• Describe the oxygen, carbon, and nitrogen cycles and explain their significance.
Students understand how the number and variety of organisms and populations are
dependent on the resources and physical factors of their environment.
• Explain how changes in resources, predation and climate can affect the growth of different
populations.

• Explain how organisms are adapted to environmental conditions in different biomes.
• Explain how human activity can impact the stability of various ecosystems.
Genetics and Evolution
As a result of studying patterns of heredity and historical changes in life forms:
Students understand how each organism carries a set of instructions (genes composed of
DNA) for specifying the components and functions of the organism.
• Describe how genetic materials are organized in genes and chromosomes in the cells of
living organisms.

• Explain how the genetic information from both parents is mixed in the fertilized egg to
produce an individual with new combinations of genes and traits.

• Explain how genes are related to inherited traits and how genes can be manipulated by
modern technologies.
Students understand that the basic idea of biological evolution is that the Earth’s
present-day species developed from earlier species.
• Explain how environmental changes can lead to the extinction and evolution of
species.

• Describe how fossils and anatomical evidence provide support for the theory of
evolution.
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Cells
As a result of observing and studying cells in single and multiple-celled organisms:
Students understand the basic structures and functions of living cells.
• Describe the basic similarities and differences found in the structures of plant, animal and
bacterial cells.

• Describe the structure and explain the main functions of skin, nerve, muscle and blood cells.
• Explain how the cell membrane helps cells to maintain its unique internal composition.
Students understand that cells divide for growth of the organism, repair, and reproduction.
• Describe the process of mitotic cell division and explain how this process is important in
growth of the organism and repair of tissues.

• Describe the process producing reproductive cells (meiosis) in females (egg cells) and males
(sperm cells).
Human Biology
As a result of studying the structure and function of the human body:
Students understand the structure of the human body and how environmental conditions,
nutrition, physical activity, and pathogens affect its functioning.
• Describe the structure and function of the major human organ systems (e.g., the circulatory,
respiratory, digestive, reproductive and nervous systems).

• Explain the role of nutrients and physical activity in the functioning of the human body.
• Explain the human body’s defense system against infectious diseases and the role of
antibiotics and vaccinations.
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Physical Science
Structure of Matter
As a result of working with different materials and learning theories about the structure of matter:
Students understand the basic structure of atoms and the properties of elements.
• Describe the basic structure of atoms (including protons, neutrons and electrons) and how
the atoms of one element are alike and different from other elements.

• Describe the organization of the elements in the periodic table, including the properties and
electronic arrangements of elements in the first three periods.
Students understand the use of physical and chemical properties to classify and
describe matter.
• Describe the different physical properties that are used to classify matter including density,
melting point and boiling point.

• Explain that new substances are formed when atoms combine by transferring or sharing
electrons (i.e., ionic and covalent bonding).

• Explain the differences among atoms, elements, molecules, compounds, and mixtures and
give examples of each using common materials.
Reactions and Interactions
As a result of studying changes in matter and how they occur:
Students understand the differences between physical and chemical changes of matter.
• Describe the physical states of matter (solids, liquids and gases) in terms of the arrangement
and motion of particles and explain how heat is related to changes in the physical state
of matter.

• Describe the differences between chemical and physical changes of matter and explain how
chemical changes involve the rearrangement of molecules, atoms or ions to form new
substances.
Students understand that materials interact with each other in various forms.
• Explain that the total matter and energy are conserved in synthesis and decomposition reactions.

• Describe combustion and corrosion reactions of materials with oxygen (i.e., burning,
respiration and rusting).

• Describe the chemical structures and properties of acids and bases and relate them to the
properties of common household products.
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Forces and Motion
As a result of studying the motion of different objects:
Students understand that energy and matter interact through forces that result in changes
in the motions of objects.
• Explain the relationships among distance, time, and speed, interpret graphs of motion and
perform calculations using the equation Distance = Speed x Time.

• Describe Newton’s three laws of motion, apply them to everyday phenomena and perform
calculations using the equation Force = Mass x Acceleration.

• Describe the effects of gravitation on the motion and weight of masses.
Students understand the nature of electricity and magnetism.
• Describe the factors that affect the electrical forces between charges and explain how electric
currents and magnets exert a force on each other.

• Describe the effects of voltage and resistance on the flow of electric charges in a series
circuit.
Energy Sources and Transformations
As a result of studying various forms of energy:
Students understand the nature of various forms of energy.
• Identify various forms of energy including light, heat, chemical, electrical and mechanical
energy in various physical settings.

• Describe kinetic and potential energy transformations in biological, chemical, mechanical
and electrical systems.

• Describe simple machines, including ramps, levers, and pulleys and explain their use in
terms of work and forces.
Students understand the properties of sound and light.
• Describe different classifications within the electromagnetic spectrum in terms of their
wavelengths, energies, effects on living organisms and uses in modern technologies.

• Describe the wave properties of sound, including volume and pitch.
• Explain the behavior of light including reflection, refraction, absorption and the phenomenon
of color.
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Earth Science
Astronomy
As a result of learning about the solar system and the universe:
Students understand the structure, motion, and composition of stars, planets, and other
bodies with an emphasis on our solar system.
• Describe the orientation, direction and duration of the movement of the Earth around its axis
and around the sun and relate these to day/night cycles and the seasons.

• Explain how the changes in the relative positions of the sun, moon and Earth affect the
phases of the moon and eclipses and describe tidal variations.

• Describe our solar system including the estimated size, composition and surface features of
the sun, planets, and lesser members.

• Explain how astronomers collect and interpret information to determine the motion, structure
and composition of stars.
Earth’s Natural Resources
As a result of studying the Earth’s natural resources:
Students understand that the Earth has various natural resources important to all living
organisms.
• Describe how essential natural resources (i.e., air, water, soil and minerals) vary in their
abundance and explain the importance of conservation and recycling of natural resources.

• Describe sources of fresh water and the importance of water to life.
Students understand the use of the Earth’s natural resources by humans.
• Describe renewable and nonrenewable sources of energy and the advantages and disadvantages
of their use.

• Use maps to identify geological features and determine locations, scales and directions.
Meteorology
As a result of studying the Earth’s weather and climate patterns:
Students understand that our atmosphere is dynamic and has patterns of weather systems.
• Explain how winds originate and are affected by the unequal heating of the Earth’s surface,
the rotation of the Earth and the distribution of land and water surfaces.

• Explain the water cycle and the energy that drives it.
• Explain how meteorologists collect and interpret meteorological data from various sources.
Students understand the reasons for the distribution of climates around the world.
• Explain how regional climates are determined by energy transfer from the sun and are
influenced by cloud cover, the earth’s rotation, oceans and mountains.

• Explain the possible causes and effects of global phenomena including El Niño, global
warming and ozone depletion.
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Earth History and Dynamics
As a result of studying the composition of the Earth and the changes it undergoes:
Students understand interactions among the Earth’s lithosphere, hydrosphere,
atmosphere, and biosphere.
• Describe how plate tectonics is related to the interior composition of the Earth including
its core, mantle, and crust and relate it to major geological events including earthquakes,
volcanic eruptions and mountain building.

• Explain how the formation, weathering, sedimentation and reformation of rock constitute
a continuing rock cycle.

• Describe how waves, wind, water and ice shape the Earth’s land surface.
• Describe how geological history and major time periods can be determined using evidence
from fossils and rock sequences.

2003

Science

146

Items Found in this Packet
Open-Ended Items
Open-ended items are those for which a student must write a short response to a question.
Included in this packet are the four open-ended experimentation items which appeared on the
CAPT as a follow-up assessment to the hands-on performance task. In addition one open-ended
item designed to assess physical science, life science and earth science are included.
CAPT open-ended items are scored on a four-point scale (0-3) using a holistic scoring method.
This method involves judging the overall quality of the student response. The general scoring
rubric for the science open-ended items (See following page) describes the characteristics of a
response at each score point. Included with each item is the content guide (description of a good
response to the question), the specific scoring rubric for the item (description of each score
point), and the classification of the item based on the CAPT Science Framework. This is
followed by two scored student responses at each score point along with a brief discussion of
why the response received a particular score.
Keep in mind that the scoring criteria are based on reasonable expectations of grade ten students
responding under testing conditions. Students are given approximately five minutes to respond to
each open-ended item. The responses are therefore less polished than they might be if students
were given more time to revise their answers. In addition, students are asked to respond to a
wide variety of scientific topics, many of which they may not have studied for some time. All of
this is taken into consideration when scoring the responses.

Multiple-Choice Items
To foster depth of understanding, the CAPT multiple-choice items are organized in clusters
related to particular scenarios. In addition, some clusters include specific information at the
beginning which students can use in answering the questions. To stress the interdisciplinary
nature of science, some clusters make connections between concepts of the major content areas.
Multiple-choice items designed to assess life science, physical science and earth science are
included in this packet. Also included are four multiple-choice experimentation items that were a
follow-up assessment to the hands-on performance task.
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Scoring Rubric for Science Open-Ended Items
Each score category contains a range of student responses which reflect the descriptions
given below.
Score 3
The response is an excellent answer to the question. It is correct, complete, and appropriate
and contains elaboration, extension, and/or evidence of higher-order thinking and relevant prior
knowledge. There is no evidence of misconceptions. Minor errors will not necessarily lower
the score.
Score 2
The response is a proficient answer to the question. It is generally correct, complete, and
appropriate although minor inaccuracies may appear. There may be limited evidence of
elaboration, extension, higher-order thinking, and relevant prior knowledge, or there may
be significant evidence of these traits but other flaws (e.g., inaccuracies, omissions,
inappropriateness) may be more than minor.
Score 1
The response is a marginal answer to the question. While it may contain some elements of a
proficient response, it is inaccurate, incomplete and/or inappropriate. There is little if any
evidence of elaboration, extension, higher-order thinking, or relevant prior knowledge. There
may be evidence of significant misconceptions.
Score 0
The response, although on topic, is an unsatisfactory answer to the question. It may fail to
address the question, or it may address the question in a very limited way. There may be no
evidence of elaboration, extension, higher-order thinking, or relevant prior knowledge. There
may be evidence of serious misconceptions.
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CAPT Science Performance Task
Craters
When a meteor strikes the surface of a planet or a moon it may form a crater. There are many factors
that may affect the size of the crater.
Your Task
Part I You and your partner will design and conduct an experiment to determine how the speed of a
meteor (as influenced by the height dropped) affects the size of a crater.
Part II You and your partner will design and conduct an experiment to determine how a factor other
than height affects the size of a crater.
During this activity you will work with a partner (or possibly two partners). However you must keep
your own individual lab notes because after you finish you will work independently to write a lab
report about your investigation.
You have been provided with the following materials and equipment. It may not be necessary to use
all of the equipment that has been provided. You may use additional materials and equipment if they
are available.

1 Bag of sand

2 Small scoops of orange powder

2 Trays (1 for carrying spheres)

1 Plastic spoon

3 Glass spheres (different masses)

1 Meter stick (to measure drop height)

3 Plastic spheres (different masses)

1 15-cm ruler (to measure crater)

3 Wooden spheres (different masses)

1 Sheet paper (to place under tray with sand)

2 Small plastic cups

Access to a balance

Safety goggles and apron
for each student
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CAPT Science Performance Task
Steps to Follow
1.

In your own words, clearly state the problem you are going to investigate for both Part I
and Part II. Include a clear identification of the independent and dependent variables that will
be studied. Write your statement of the problem on pages 4 and 5.

2.

Design a separate experiment to solve each problem. Your experimental designs should match
the statement of the problem, should control for variables, and should be clearly described so that
someone else could easily replicate your experiments. Include a control if appropriate.
Write your experimental designs on pages 4 and 5. Show your designs to your teacher before you
begin your experiments.

To set up your experiments, place sand in a tray. To make the crater more
visible, sprinkle a very thin layer of orange powder evenly on top of the
sand. Smooth the sand and apply more orange powder before each trial.

3.

After receiving approval from your teacher, work with your partner to carry out your
experiments. Your teacher’s approval does not necessarily mean that your teacher thinks your
experiments are well designed. It simply means that in your teacher’s judgment your experiments
are not dangerous or likely to cause an unnecessary mess.

4.

While conducting your experiments, take notes on the attached pages. Include the results of
your experiments. Tables, charts, and/or graphs should be used where appropriate and should be
properly labeled. Space for your notes and data is provided on pages 6 through 8.
Your notes will not be scored, but they will be helpful to you later as you work independently to
write about your experiments and results. You must keep your own notes because you will not
work with your partner when you write your lab report.
When you have finished, your teacher will give you instructions for clean up procedures,
including proper disposal of all materials.
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CAPT Experimentation Open-Ended Questions:
Craters

Craters
Students in a science class carried out experiments to explore factors affecting the size of a crater.
Group A carried out the following experiment.
1. We think the height from which a sphere is dropped and the angle at which the sphere
impacts the ground affects crater formation.
2. We selected a plastic sphere.
3. We then put sand into the tray and dropped the sphere, carefully removing the sphere
from the sand after each trial.
4. We measured the diameter of the crater after each trial.

Our results are shown below.
Height
Dropped (cm)

Diameter
of Crater (cm)

100
80
60
40
20

7.5
6.5
5.5
4.5
3.0

1.

Group A’s statement of the problem is, “We think the height from which a sphere is dropped and
the angle at which the sphere impacts the ground affects crater formation.” Is this a clear and
complete statement of the problem that Group A studied? Explain fully why or why not.

2.

Draw a line graph of Group A’s results. The independent variable should be on the horizontal
axis. Be sure to label your graph.

3.

What conclusions can be drawn from Group A’s experiment and results? How valid do you think
these conclusions are? Explain your answer fully.
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Craters (continued)
Group B carried out the following experiment.

1. We made the sand smooth so it was equally spread out and covered it with a thin layer
of orange powder.
2. We measured the mass of all of the spheres.
3. We dropped the spheres and measured the size of the crater.
4. We measured the diameter of the crater after each trial.

Our results are shown below.
Crater Diameter

4.

Sphere

Large

Medium

Small

Wood
Plastic
Glass

2.1 cm
2.9 cm
2.5 cm

1.5 cm
1.5 cm
1.5 cm

1.1 cm
1.2 cm
1.3 cm

What, if anything, could Group B have done to improve their experiment? Explain fully.
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Craters
Craters: Item 1.
Group A’s statement of the problem is, “We think the height from which a sphere is dropped and
the angle at which the sphere impacts the ground affects crater formation.” Is this a clear and
complete statement of the problem that Group A studied? Explain fully why or why not.
This is not a clear statement of the problem. It has two major flaws:
1. There is no indication from the group’s experimental design or results that they studied
the angle at which the sphere impacts the ground. The results show that only the height
was studied. Two independent variables should not be studied at the same time.
2. The identification of the dependent variable (i.e., “affects crater formation”) should be
clearer. The diameter of the crater was measured in Group A’s experiment.
Score 3
The response states that it is not a clear statement of the problem the group studied. It explains at
least one of the flaws in the problem statement. It is clearly and correctly elaborated (this may
include a discussion of the other flaw).
Score 2
The response states that it is not a clear statement of the problem the group studied. It includes at
least one of the flaws in the problem statement. It is less elaborated than the score 3 responses or
contains inaccuracies.
Score 1
The response states that it is not a clear statement of the problem the group studied. It mentions
one of the flaws in the problem statement but contains little or no accurate elaboration or
contains misconceptions.
-orThe response states that it is a clear statement of the problem and explains that the group did
study the effect of height on crater formation (diameter) as shown by their experimental design
and results. No flaws in the problem statement are mentioned.
Score 0
There is little or no discussion of the problem that the group studied in relation to their
experiment. There is no indication that the student understands the flaws in Group A’s statement
of the problem.
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Scored Student Responses for Craters
Question 1

Score 3

The response states that it is not a clear statement of the problem the group studied. It explains at
least one of the flaws in the problem statement (mention of angle being tested). It is clearly and
correctly elaborated.
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Scored Student Responses for Craters
Question 1

Score 3

The response states that it is not a clear statement of the problem the group studied. It explains both
flaws in the problem statement. It is clearly and correctly elaborated.
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Scored Student Responses for Craters
Question 1

Score 2

The response states that it is not a clear statement of the problem the group studied. It includes at
least one of the flaws in the problem statement (mention of angles being tested). It is less elaborated
than the score 3 responses.
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Scored Student Responses for Craters
Question 1

Score 2

The response states that it is not a clear statement of the problem the group studied. It includes at
least one of the flaws in the problem statement (poor definition of the dependent variable). It is less
elaborated than the score 3 responses.
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Scored Student Responses for Craters
Question 1

Score 1

The response states that it is a clear statement of the problem as shown by their experimental
design. No flaws in the problem statement are mentioned.
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Scored Student Responses for Craters
Question 1

Score 0

There is no discussion of the problem that the group studied in relation to their experiment. There is
no indication that the student understands the flaws in Group A’s statement of the problem.
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Scored Student Responses for Craters
Question 1

Score 0

There is no discussion of the problem that the group studied in relation to their experiment. There is
no indication that the student understands the flaws in Group A’s statement of the problem.
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Craters: Item 2
Draw a line graph of Group A’s results. The independent variable should be on the horizontal
axis. Be sure to label your graph.
The following characteristics should be present in the line graph:
• independent variable (height dropped) is on the horizontal axis
• proper labeling of both axes including units:
o
horizontal (x) axis–height dropped (cm)
o
vertical (y) axis–diameter of crater (cm)
• proper scaling of both axes
• accurate plotting of data points
Score 3
A line graph with all of the characteristics listed above.
Score 2
A line graph with an error in one of the characteristics listed.
-orA bar graph with no errors in the characteristics listed above.
Score 1
A line graph with two errors in the characteristics listed above.
-orA bar graph with an error in one of the characteristics listed above.
-orA partially correct bar or line graph with the independent variable on the horizontal axis.
Score 0
A line graph with three or more errors in the characteristics listed above.
-orA bar graph with two or more errors in the characteristics listed above.
-orA blank graph or graph with multiple errors with the independent variable on the horizontal axis.
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Scored Student Responses for Craters
Question 2

Score 3

The student response shows a line graph with no errors.

2003

Science

163

Scored Student Responses for Craters
Question 2

Score 3

The student response shows a line graph with no errors. The label for the horizontal (x) axis could be
clearer (i.e., height dropped), but this does not lower the score.
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Scored Student Responses for Craters
Question 2

Score 2

The student response shows a line graph with an error in one of the characteristics listed (extending
the plotted line of data from 0 to 20 cm is not appropriate).

2003

Science

165

Scored Student Responses for Craters
Question 2

Score 2

The student response shows a line graph with an error in one of the characteristics listed (the
independent variable is on the vertical axis).
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Scored Student Responses for Craters
Question 2

Score 1

The response shows a line graph with two errors (the scaling of the vertical axis near the origin and
the line drawn from 0 to 20 cm).
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Scored Student Responses for Craters
Question 2

Score 1

The response shows a bar graph with one error (the scaling of the vertical axis near the origin).
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Scored Student Responses for Craters
Question 2

Score 0

The response shows a line graph with three errors (i.e., scaling of both axes near origin, errors in
plotting data, independent variable on the vertical axis).
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Scored Student Responses for Craters
Question 2

Score 0

The response shows a bar graph with two errors in the characteristics listed above (poor scaling,
independent variable on the vertical axis).
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Craters: Item 3
What conclusions can be drawn from Group A’s experiment and results? How valid do you think
these conclusions are? Explain your answer fully.
The conclusion that can be drawn from Group A’s experiment and results is that increasing the
height from which the sphere is dropped increases the diameter of the crater.
The validity of this conclusion should be questioned due to the following flaws in Group A’s
experiment:
It is not clear if certain variables regarding how the sphere was dropped into the tray of sand
were controlled (kept constant) during the experiment. For each trial, it is not known if:
• the same sphere was used
• the sphere was dropped and hit the sand at the same angle (two variables were included
in the problem statement)
• the sand was smoothed or had a consistent surface
• the sphere was dropped in the center of the tray of sand
It is not clear how the diameter of the crater was measured or if it was consistently measured
during the experiment. For each trial, it is not known if:
• the crater was measured before or after the sphere was removed from the sand
• the orange powder was used to help define the crater
The experiment was also not replicated (i.e., only one trial for each height).
Score 3
The response draws an appropriate conclusion and at least one flaw related to Group A’s
experimental design is discussed. A flaw includes any of the dot points listed above. The
response is correct and well elaborated (this may include a discussion of other flaws in the
experimental design).
Score 2
The response draws an appropriate conclusion and one flaw related to Group A’s
experimental design is discussed. There is less elaboration than the score 3 responses
or it contains inaccuracies.
-orThe response draws a conclusion and is well elaborated including a discussion of the data
and/or use of prior knowledge. No flaws in the experimental design are discussed.
-orThe response fails to draw a conclusion but the response discusses more than one flaw in the
experiment with accurate elaboration.
Score 1
An appropriate conclusion is drawn. No flaws in Group A’s experiment are accurately discussed.
-orAn appropriate conclusion is not drawn. One or two flaws in Group A’s experiment are mentioned
with little or no accurate elaboration.
Score 0
An appropriate conclusion is not drawn. No flaws in Group A’s experiment are accurately discussed.
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Scored Student Responses for Craters
Question 3

Score 3

The response draws an appropriate conclusion with some discussion of the data. Two flaws related
to Group A’s experimental design are discussed (“not leveling the sand”, “should have carried out
more tests”). The response is well elaborated.
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Scored Student Responses for Craters
Question 3

Score 3

The response draws an appropriate conclusion with some discussion of the data. Two flaws are
discussed (removal of the sphere and both height and angle are mentioned in problem statement)
with some elaboration.
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Scored Student Responses for Craters
Question 3

Score 2

The response draws an appropriate conclusion and discusses one flaw (angle is mentioned in the
problem statement). There is less elaboration than the score 3 responses (e.g., no mention of other
flaws or data).
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Scored Student Responses for Craters
Question 3

Score 2

The response draws an appropriate conclusion and discusses one flaw (only one trial carried out).
There is less elaboration than the score 3 responses.
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Scored Student Responses for Craters
Question 3

Score 1

An appropriate conclusion is drawn. No flaws in Group A’s experiment are accurately discussed.
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Scored Student Responses for Craters
Question 3

Score 1

An appropriate conclusion is drawn. No flaws in Group A’s experiment are discussed.
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Scored Student Responses for Craters
Question 3

Score 0

An appropriate conclusion is not drawn. No flaws in Group A’s experiment are accurately discussed.
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Scored Student Responses for Craters
Question 3

Score 0

An appropriate conclusion is not drawn. No flaws in Group A’s experiment are discussed.
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Craters: Item 4
What, if anything, could Group B have done to improve their experiment? Explain fully.
Group B could have done the following to improve their experiment in relation to the dropping
of the sphere in the tray of sand:
• specified the height from which the sphere was dropped and kept this constant
throughout the experiment
• given the mass of the spheres or clarified what is meant by large, medium and small
(mass or diameter)
• varied the mass but kept the size of the spheres constant
• specified the location in the tray of sand where the sphere lands (center of tray
is preferable)
• specified the angle at which the sphere hits the sand
• specified if they smoothed the sand for each trial
Group B could have done the following to improve their experiment in relation to the
measurement of the crater:
• specified how or when the crater was measured (e.g., before or after the sphere was
removed from the sand)
• used the orange powder to help define the crater
Group B could have also carried out multiple trials and averaged the results.
Score 3
The response describes at least two ways that Group B’s experiment could have been improved.
It is correct and well elaborated (this may include a discussion of other flaws in the experiment).
Score 2
The response describes one method of improving Group B’s experiment and contains accurate
elaboration.
-orThe response describes at least two ways of improving Group B’s experiment with little or no
accurate elaboration.
Score 1
The response includes one way of improving Group B’s experiment with little or no accurate
elaboration.
-orThe response fails to describe any improvements to Group B’s experiment but describes positive
aspects of the experiment.
Score 0
The response fails to describe any ways of improving Group B’s experiment. The response also
fails to describe the positive aspects of Group B’s experiment.
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Scored Student Responses for Craters
Question 4

Score 3

The response describes three ways that Group B’s experiment could have been improved. It is
correct and elaborated.
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Scored Student Responses for Craters
Question 4

Score 3

The response describes several ways that Group B’s experiment could have been improved. It is
correct and well elaborated.
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Scored Student Responses for Craters
Question 4

Score 2

The response describes one method of improving Group B’s experiment (specified the height
dropped) and contains elaboration.
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Scored Student Responses for Craters
Question 4

Score 2

The response describes two ways of improving Group B’s experiment with little elaboration.

2003

Science

184

Scored Student Responses for Craters
Question 4

Score 1

The response fails to describe any improvements to Group B’s experiment but describes positive
aspects of the experiment.
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Scored Student Responses for Craters
Question 4

Score 1

The response includes one way of improving Group B’s experiment (include mass of spheres) with
no elaboration.
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Scored Student Responses for Craters
Question 4

Score 0

This response fails to describe any ways of improving Group B’s experiment. The response also fails
to describe any positive aspects of Group B’s experiment.
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Scored Student Responses for Craters
Question 4

Score 0

This response fails to describe any improvements or positive aspects of Group B’s experiment.
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CAPT Experimentation Multiple-Choice Questions:
Craters

Craters
Group C carried out the following experiment.
1. Level one bag of sand in a tray, so it is spread out evenly.
2. Spread a thin layer of orange powder over sand.
3. Measure the mass of each glass sphere.
4. Drop large glass sphere from a height of 30 cm.
5. Repeat steps 1–4 for the other glass spheres.
6. Repeat experiment at 60 cm.

The results of the experiment are shown below.
Height = 30 cm Height = 60 cm

5.

Depth of
Crater (mm)

Depth of
Crater (mm)

Small
Medium
Large

2.5
8.7
21.0

4
7
10

6
10
15

According to Group C’s experiment, which of the following factors affects the depth of a crater?
a.
b.
c.
d.

6.

Glass Sphere

Mass (g)
of Sphere

Mass of sphere only
Height sphere dropped only
Mass of sphere and height sphere dropped 
Neither mass of sphere nor height sphere dropped

Which variable was held constant in Group C’s experiment?
f.
g.
h.
j.

2003

Diameter of sphere
Height sphere was dropped
Composition of sphere 
Mass of sphere
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CAPT Experimentation Multiple-Choice Questions:
Craters (continued)

Craters (continued)
Group D carried out the following experiment.

1. We spread out the sand and put a layer of orange powder on top of it.
2. We massed each sphere.
3. We dropped a sphere into the sand and measured the crater.
4. We smoothed out the sand and repeated the experiment for each sphere.

The results of the experiment are shown below.
Wood Sphere
Size
of Sphere

Mass (g)
of Sphere

Crater
Diameter (cm)

Large (2.5 cm)
Medium (1.8 cm)
Small (1.2 cm)

6.3
2.4
0.8

2.5
1.5
0.5

Plastic Sphere
Size
of Sphere

Mass (g)
of Sphere

Crater
Diameter (cm)

Large (2.5 cm)
Medium (1.8 cm)
Small (1.2 cm)

10.3
4.5
1.4

3.0
2.0
1.0

Glass Sphere

2003

Size
of Sphere

Mass (g)
of Sphere

Crater
Diameter (cm)

Large (2.5 cm)
Medium (1.8 cm)
Small (1.2 cm)

20.9
8.4
2.8

4.0
3.0
2.0
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CAPT Experimentation Multiple-Choice Questions:
Craters (continued)
7.

Group D made the following statement in their report, “The larger the mass of the sphere, the
larger the diameter of the crater.” This statement is ___________ .
a.
b.
c.
d.

8.

a conclusion based on the data 
a conclusion not supported by the data
an observation made during the experiment
a variable controlled during the experiment

In carrying out the Craters experiment, it would be most accurate to measure the mass of the
sand in the tray in ___________ .
f.
g.
h.
j.

2003

teaspoons
scoops
milliliters
grams 
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CAPT Physical Science Open-Ended Question:
Chemical Changes

Chemical Changes

The rate of chemical changes (how fast they occur) can depend on several factors. What are
two factors that can influence the rate of a chemical change? Explain how these factors
might affect chemical changes.

2003
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Chemical Changes
There are several factors that can influence the rate of a chemical change:
• Temperature – generally as the temperature increases (increase in the average kinetic
energy) the rate of the chemical change will increase due to an increase in the number
and energy of the collisions as the molecules move faster. At high temperatures,
some reactions stop (e.g., some enzymes can be destroyed stopping certain
biological reactions.)
• Concentration of the reactants – as the concentration of one or both of the reactants
increases, the rate of the chemical change will increase due to an increase in the number
of molecules present and the chance of interactions.
• Nature of the reactants – some reactants are more chemically reactive than others
influencing the rate of chemical change.
• Surface area – if one of the reactants is a solid, then breaking it up into smaller pieces
will generally increase the rate of chemical change since more collisions can occur.
• Stirring or shaking – will increase the rate of a chemical change by increasing the chance
of collisions between the molecules.
• Catalyst – in some reactions, a catalyst can increase the rate of a chemical reaction by
lowering the activation energy needed for the reaction. A catalyst is considered a
substance that changes the rate of a reaction without itself being a reactant. Enzymes are
catalysts in biological processes.
• Pressure – if gasses are involved in the chemical reaction, then increased pressure can
result in an increase in the reaction rate due an increase in the number and energy of
the collisions.
Score 3
The response includes two factors that can influence the rate of a chemical change. The response
also explains how these factors might affect chemical changes. It is correct and well elaborated.
Score 2
The response includes two factors that can influence the rate of a chemical change. The response
partially explains how these factors might affect chemical changes. It is less elaborated than the
score 3 responses. It may contain inaccuracies.
-orThe response includes one factor that can influence the rate of a chemical change. The response
explains how this factor might affect chemical changes. It is correct and well elaborated.
Score 1
The response mentions two factors that might influence the rate of chemical changes. There is
little or no elaboration. Misconceptions may be present.
-orThe response includes one factor that can influence the rate of a chemical change. The response
also partially explains how this factor might affect chemical changes. There is limited
elaboration. Inaccuracies may be present.
Score 0
The response mentions one or no factors that influence a chemical reaction. There is no accurate
explanation as to how the factor, if mentioned, might affect chemical changes. Misconceptions
may be present.
193
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Scored Student Responses for
Chemical Changes
Score 3

The response includes two factors (catalyst and concentrations of reactants) that can influence the
rate of a chemical change. The response also explains how these factors might affect chemical
changes. It is correct and well elaborated (i.e., discussion of activation energy and collision rates).
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Scored Student Responses for
Chemical Changes
Score 3

The response includes two factors (temperature and stirring) that can influence the rate of a
chemical change. The response also explains how these factors might affect chemical changes.
It is correct and well elaborated (i.e., discussion of molecular motion and energy).
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Scored Student Responses for
Chemical Changes
Score 2

The response includes two factors (temperature and catalyst) that can influence the rate of a
chemical change. The response partially explains how these factors might affect chemical changes. It
is less elaborated than the score 3 responses (e.g., no mention of how temperature affects reactions,
molecular motion, etc.).
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Scored Student Responses for
Chemical Changes
Score 2

The response includes two factors (“breaking things up” and “heating”) that can influence the rate of
a chemical change. The response partially explains how these factors might affect chemical changes
(i.e., “speeds up change”). It is less elaborated than the score 3 responses (e.g., no discussion of
molecular motion or energy).
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Scored Student Responses for
Chemical Changes
Score 1

The response mentions two factors (temperature and amount of the substance) that might influence
the rate of chemical changes. There is little elaboration and a misconception is present (“When you
use smaller amounts of substances they can react and form a new substance more quickly”).
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Scored Student Responses for
Chemical Changes
Score 1

The response mentions two factors (“type of chemical” and “how much of the chemical”) that might
influence the rate of chemical changes. There is little elaboration (e.g., no discussion of how these
factors influence reactions, no mention of energy or molecular motion).
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Scored Student Responses for
Chemical Changes
Score 0

The response fails to correctly identify any factors that influence a chemical reaction.
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Scored Student Responses for
Chemical Changes
Score 0

The response fails to correctly identify any factors that influence a chemical reaction.
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CAPT Life Science Open-Ended Question:
Blood and the Human Body

Blood and the Human Body

What is the significance of a major loss of blood on the human body? Explain your
answer fully.
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Blood and the Human Body
Blood is important to the human body because it transports oxygen to body organs and tissues.
Red blood cells contain the protein hemoglobin which helps to transport oxygen molecules.
Blood also transports nutrients (e.g., amino acids, simple sugars, fats, vitamins, salts,) and
carries away waste products (i.e., urea and carbon dioxide).
White blood cells are also important in the body’s immune system. There are several types of
white blood cells that fight bacteria and viruses in different ways.
Blood contains platelets which aid in clotting when a cut or wound occurs. Clotting will prevent
the further loss of blood due to injury.
The most immediate effects of a major loss of blood are fainting, weakness, shock, coma and
even death due mostly to a lack of oxygen getting to vital organs, especially the brain. These
organs can slow down and eventually stop functioning leading to serious health problems. A loss
of blood can also result in a lowering of blood pressure leading to cardiac arrest and death.
Score 3
The response fully describes the significance of a major loss of blood on the human body,
including the importance of oxygen transfer. It is correct and well elaborated.
Score 2
The response partially describes the significance of a major loss of blood on the human body. It
may contain inaccuracies or be less elaborated than the score 3 responses.
Score 1
The response describes the significance of a major loss of blood on the human body in a
limited way. It may contain evidence of significant misconceptions and/or contain little or
no elaboration.
Score 0
The response fails to describe the significance of a major loss of blood on the human body. It
may contain evidence of serious misconceptions.
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Scored Student Responses for
Blood and the Human Body
Score 3

The response fully describes the significance of a major loss of blood on the human body, including
the importance of oxygen transfer. It is correct and well elaborated (e.g., describes effect on immune
system and specific organs).
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Scored Student Responses for
Blood and the Human Body
Score 3

The response fully describes the significance of a major loss of blood on the human body, including
the importance of oxygen transfer. It is correct and well elaborated (e.g., specific effects on the body,
discussion of immune system).
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Scored Student Responses for
Blood and the Human Body
Score 2

The response partially describes the significance of a major loss of blood on the human body. It is
less elaborated than the score 3 responses (e.g., no specific elaboration on effects of loss of blood,
no mention of immune system).
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Scored Student Responses for
Blood and the Human Body
Score 2

The response partially describes the significance of a major loss of blood on the human body.
It is less elaborated than the score 3 responses (i.e., no specific mention of oxygen, nutrients
or immune system).
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Scored Student Responses for
Blood and the Human Body
Score 1

The response describes the significance of a major loss of blood on the human body in a limited
way. It contains no specific elaboration (e.g., no mention of oxygen, nutrients, immune system,
specific effects).
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Scored Student Responses for
Blood and the Human Body
Score 1

The response describes the significance of a major loss of blood on the human body in a limited way
(body becomes weak, death, blood makes the organs work). It contains no specific elaboration (e.g.,
no mention of oxygen, nutrients, specific effects on organs, immune system).
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Scored Student Responses for
Blood and the Human Body
Score 0

The response fails to describe the significance of a major loss of blood on the human body. The
response fails to describe any specific effects or the functioning of blood in the human body.
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Scored Student Responses for
Blood and the Human Body
Score 0

The response fails to describe the significance of a major loss of blood on the human body. The
response fails to describe any specific effects or the functioning of blood in the human body.
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CAPT Earth Science Open-Ended Question:
How Old Is It?

How Old Is It?

Geologists use several methods to determine the age of rock layers. Describe two of these
methods and explain how these methods are used to date rocks.
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How Old Is It?
The following methods are used by geologists to determine the age of rocks.
1. Law of superposition – in layers of sedimentary rock, the lower the rock layer the older
the rocks. This is true because rock layers build up over time as sediments are deposited.
This method can be used to determine the relative age of rock layers.
2. Index fossils – by finding fossils of a known age in a rock layer, geologist can determine
the age of that rock layer. Index fossils are good indicators of age because they are from
organisms that existed for only a relatively short period of time.
3. Radioactive dating – the breakdown of radioactive elements (e.g., uranium-235,
potassium-40) occurs at a constant rate and can be used to determine the absolute
age of a rock layer.
Other methods involving unconformities, faults, intrusions and extrusions can be used by
geologists to help determine the age of rock layers.
Score 3
The response describes two methods used to determine the age of rock layers. It is correct and
well elaborated.
Score 2
The response describes two methods used to determine the age of rock layers, but is not well
elaborated. Inaccuracies may be present.
-orThe response describes one method used to determine the age of rock layers and is correct and
well elaborated.
Score 1
The response mentions two methods used to determine the age of rock layers, but contains little
or no elaboration. Misconceptions may be present.
-orThe response describes one method used to determine the age of rock layers, but is not well
elaborated. Inaccuracies may be present.
Score 0
The response fails to describe a method used to determine the age of rock layers.
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Scored Student Responses for How Old Is It?
Score 3

The response describes two methods (law of superposition and fossils) used to determine the age of
rock layers. It is correct and well elaborated.
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Scored Student Responses for How Old Is It?
Score 3

The response describes two methods (law of superposition and fossils) used to determine the age of
rock layers. It is correct and elaborated.
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Scored Student Responses for How Old Is It?
Score 2

The response describes the law of superposition with elaboration, although the rock layers described
do not always appear in this sequence. Fossils and carbon dating are mentioned with no elaboration.
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Scored Student Responses for How Old Is It?
Score 2

The response describes the method of radioactive dating to determine the age of rock layers. It
contains elaboration, although it incorrectly states that carbon is found in the rock rather than in the
remains of organisms. There are no other methods described.

2003

Science

217

Scored Student Responses for How Old Is It?
Score 1

The response describes one method (law of superposition) but is not well elaborated.
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Scored Student Responses for How Old Is It?
Score 1

The response describes one method (fossils) with limited elaboration. The second part of the
response is too vague to justify a higher score.
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Scored Student Responses for How Old Is It?
Score 0

The response fails to describe a method used to determine the age of rock layers.
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Scored Student Responses for How Old Is It?
Score 0

The response fails to describe a method used to determine the age of rock layers.
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CAPT Physical Science Multiple-Choice Questions:
Water, Water Everywhere

Water, Water Everywhere
Students in a science class were studying the chemical and physical properties of water.
One group of students took a block of ice at -20°C and heated it at a steady rate for 60 minutes. The
graph below shows the temperature changes over that time period.

1.

Which of the following happened between 50 and 60 minutes?
a.
b.
c.
d.

2.

Solid water is changed into liquid water.
Liquid water is changed into water vapor. 
Solid water is changed into oxygen and hydrogen gas.
Liquid water is changed into oxygen and hydrogen gas.

Water (H2O) is best classified as a(n) __________.
f.
g.
h.
j.
2003

element
atom
compound 
mixture
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CAPT Physical Science Multiple-Choice Questions:
Water, Water Everywhere (continued)
3.

One group of students carried out the following experiment:
We placed an iron nail (Nail 1) on a small dish and covered it with water. We then took another
iron nail (Nail 2) that was completely coated with zinc and placed it on another small dish. We
then covered the coated nail with water.
After one week, which of the two nails will contain the most rust?
a.
b.
c.
d.

2003

Nail 1, because the iron was exposed to more oxygen in the water 
Nail 1, because the iron was exposed to more hydrogen in the water
Nail 2, because the iron reacted with the zinc coating
Nail 2, because the iron reacted with the water and zinc coating
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CAPT Physical Science Multiple-Choice Questions:
Moving Day

Moving Day

A family is moving from Pennsylvania to Connecticut during the summer.

1.

The movers are using a ramp to load boxes onto the truck. The advantage of the ramp is to
reduce the __________.
a.
b.
c.
d.

2.

force needed to raise the boxes by increasing the distance the box is moved 
time needed to raise the boxes by reducing the distance the box is moved
work needed to raise the boxes by increasing the distance the box is moved
effort needed to raise the boxes by reducing the distance the box is moved

One of the movers tosses a small box to another mover across the room. The path of the box as it
travels through the air will be curved downward due to __________.
f.
g.
h.
j.
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its positive acceleration
the force of gravity 
the inertia of the box
its change in weight
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CAPT Physical Science Multiple-Choice Questions:
Moving Day (continued)
3.

The loaded moving van will travel a distance of 400 miles at an average speed of 50 miles per
hour. How long will it take the moving van to reach its destination?
a.
b.
c.
d.

4.

4 hours
8 hours 
20 hours
450 hours

As the moving van burns gasoline in its engine, it converts __________.
f.
g.
h.
j.

2003

chemical energy into mechanical energy 
kinetic energy into potential energy
thermal energy into electrical energy
mechanical energy into kinetic energy
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CAPT Life Science Multiple-Choice Questions:
Frogs

Frogs
The diagram below shows the procedure scientists used to clone a frog from the nucleus of a skin cell.

Skin cells in
culture dish

Nucleus in pipet

Inject nucleus
into egg
Young
embryo

Adult frog

1.

Destroy nucleus
by irradiation

This procedure is evidence that __________.
a.
b.
c.
d.

2.

Unfertilized egg

Tadpole

the nuclei of the skin cells protect the frog
only skin cells can be used to clone a frog
the skin cells are the reproductive cells of the frog
the nuclei of skin cells contain all the DNA needed for a new frog 

The tadpole produced by the cloning process will be genetically __________.
f.
g.
h.
j.
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most similar to the frog the egg cell came from
most similar to the frog the skin cell came from 
different from both frogs that the cells came from
identical to both frogs that the cells came from
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CAPT Life Science Multiple-Choice Questions:
Frogs (continued)
3.

Every body cell in a frog contains the exact same genetic information. What accounts for the
different tissues in an adult frog?
a. Tissues cause mutations in the genetic material.
b. Different tissues have different genes that are active. 
c. Frogs can alter their DNA to have genes produce different proteins.
d. The genes undergo metamorphosis.

4.

Some scientists link the decrease in the amount of atmospheric ozone to a problem in the frog
population because __________.
f.
g.
h.
j.
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temperatures in ponds and lakes increase
frogs use ozone for respiration
increased ultraviolet light causes mutations in the frog 
excess infrared radiation changes the frog’s skin color
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CAPT Earth Science Multiple-Choice Questions:
The Earth, Moon and Stars

The Earth, Moon and Stars
The phases of the moon and seasons on Earth are caused by several factors.

1.

If a full moon occurs on August 1, the next full moon will occur on __________.
a.
b.
c.
d.

2.

August 2
August 8
August 16
August 30 

According to the diagram, approximately how many hours of daylight does the Tropic of
Capricorn receive?
f.
g.
h.
j.
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0
10 
15
20
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CAPT Earth Science Multiple-Choice Questions:
The Earth, Moon and Stars (continued)
3.

The temperature of a star can be estimated using the __________.
a.
b.
c.
d.

4.

intensity of light emitted
color of the light emitted 
stellar biochemical activity
stellar volcanic activity

A major feature of the solar system is that as planets get farther away from the sun,
they __________.
f.
g.
h.
j.
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are warmer
have fewer moons
are smaller in diameter
have a longer revolution time 
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