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Introduction

Learning is often “ in the head” and an aim of the teacher
is to help make this learning visible.

ow

2. USI probes always contain two parts—a
selected answer choice with distracters
that are based on commonly held ideas
and an explanation.
3. USI probes include extensive Teacher
Notes that explain the scientific idea
underlying the probe, link to core disciplinary ideas, summarize the cognitive
research, and describe curricular and
instructional considerations.
4. USI probes are not grade-level specific.
They can be used across grade spans
because misconceptions often follow
students from one grade level to the next.
5. USI probes are used throughout a cycle
of instruction from the beginning,
before students are taught the scientific
ideas and concepts, and right up to the
end of an instructional unit to reflect
on how student thinking has changed.
6. USI probes provide insight into what
students really think about ideas in science, not what they think the teacher
wants to hear or what the answer should
be on a test.
7. USI probes are usually written in studentfriendly language without unfamiliar
technical terminology.
8. USI probes can be used as written
assessments or in talk formats. They
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This is the 10th book in the Uncovering Student
Ideas in Science series. Adding the 32 probes in
this book to the previous nine volumes in the
series, science educators now have a collection
of 311 different formative assessment probes
covering the nature of science and spanning the
disciplines of life, Earth, space, and physical
science that can be used with K–12 students as
well as with teachers in professional development. Thousands of teachers throughout the
United States and worldwide have been using
these probes. For many teachers, they have
become an integral and regular part of their
practice. What makes the probes such valuable
resources for science education?

E

—John Hattie (2011)
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25 Features of USI Formative
Assessment Probes
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Uncovering Student Ideas (USI ) formative
assessment probes are unique, science-specific
probing questions that uncover what students
really think about core ideas in science. They
differ in many ways from typical questions
provided in instructional materials. Below are
25 features of USI probes that distinguish them
from other types of questions and formative
assessments:
1. USI probes are specifically designed to
reveal research-identified commonly
held ideas of students and adults.

© 2015 Hawker Brownlow Education • 9781743307564 • NST7564
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Land and Water

Related Next Generation
Science Standards
Performance Expectations
(NGSS Lead States 2013)
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Beckrich, A. 2014. The green room: Get grounded
in groundwater. The Science Teacher 81 (2): 8.
Clary, R. 2015. The resource beneath our feet. The
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Earth’s Systems
• Grade 2, 2-ESS2-2: Develop a model to
represent the shapes and kinds of land and
bodies of water in an area.
• Grade 2, 2-ESS2-3: Obtain information
to identify where water is found on Earth
and that it can be solid or liquid.
• Grade 4, 4-ESS2-2: Analyze and interpret
data from maps to describe patterns of
Earth’s features.
• Grade 5, 5-ESS2-1: Develop a model
using an example to describe ways the
geosphere, biosphere, hydrosphere, and/
or atmosphere interact.
• Grade 5, 5-ESS2-2: Describe and graph the
amounts and percentages of water and fresh
water in various reservoirs to provide evidence
about the distribution of water on Earth.
• Grades 6–8, MS-ESS2-4: Develop a model
to describe the cycling of water through
Earth’s systems driven by energy from the
sun and the force of gravity.
• Grades 9–12, HS-ESS2-5: Plan and conduct an investigation of the properties of
water and its effects on Earth materials
and surface processes.

classroom and the field, grades 3–8. Arlington,
VA: NSTA Press.
Konicek-Moran, R. 2013. Everyday Earth and space
science mysteries: Stories for inquiry-based science
teaching. Arlington, VA: NSTA Press.
Rich, S. 2012. Bringing outdoor science in: Thrifty
classroom lessons. Arlington, VA: NSTA Press.
U.S. Department of Agriculture Natural Resources
Conservation Service, and National Science
Teachers Association. 2001. Dig in! Hands-on
soil investigations. Arlington, VA: NSTA Press.
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NGSS Lead States. 2013. Next Generation Science
Standards: For states, by states. Washington, DC:
National Academies Press. www.nextgenscience.
org/next-generation-science-standards.

Related NSTA Resources
NSTA Press Books
Aretxabaleta, A., G. Brooks, and N. West. 2011.
Project Earth science: Physical oceanography. 2nd
ed. Arlington, VA: NSTA Press.
Blake, R., J. A. Frederick, S. Haines, and S. C. Lee.
2010. Inside-out: Environmental science in the

NSTA Learning Center Resources
NSTA Webinars
List of NOAA Ocean–Related Webinars
http://learningcenter.nsta.org/products/web_
seminar_archive_sponsor.aspx?page=NOAA
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What’s Beneath Us?

Purpose

B
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The purpose of this assessment probe is to
elicit students’ ideas about the structure of the
solid Earth. The probe is designed to find out
if students recognize that Earth’s outer layer
(crust) is mostly solid rock with a thin layer
of soil on top.

r

Type of Probe

ke

Friendly talk

Related Concepts

aw

Earth’s crust, layers of Earth, rock, soil

but the average worldwide depth is about
15 cm (6 in.). Although the depth of the
crust varies, if you were on land and could
dig down to about 10 miles, Earth would
be mostly rock, with loose materials at the
surface such as soil and pieces of rock. This
part near the surface of Earth is called the
crust. As you dig deeper beyond the crust,
you get to the mantle. The upper part of the
mantle is made up of solid rock. The crust
and the upper part of the mantle make up
the solid, outer layer of Earth, which is called
the lithosphere. The lithosphere is divided
into tectonic plates.
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Explanation

16

The best answer is Haley’s: “I think it would
be mostly solid rock with a very thin layer
of soil on top.” Soil covers much of the surface of Earth in a very thin layer. This soil
is formed very slowly as rock weathers and
tiny pieces mix with organic and inorganic
material. Soil depth varies greatly by location,

Administering the Probe
This probe is best used with grades 3–8. Extend
the probe by encouraging students to draw a
picture to visually represent their conceptual
model. Th is probe can be combined with the
formative assessment classroom technique,
annotated drawings (see pp. 4–5).

NST7564 • 9781743307564 © 2015 Hawker Brownlow Education

Land and Water
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Related Core Ideas in
Benchmarks for Science
Literacy (AAAS 2009)
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3–5 ESS2.A: Earth Materials and Systems
• Earth’s major systems are the geosphere
(solid and molten rock, soil, and sediments), the hydrosphere (water and ice),
the atmosphere (air), and the biosphere
(living things, including humans). These
systems interact in multiple ways to affect
Earth’s surface materials and processes.

•

•

•

Related Research
When Happs (1984) asked children how
far down they thought soil would go
if they dug down in their garden, their
responses ranged from 6 in. to 10 miles.
Some students suggested that soil would
extend all the way to Earth’s core.
Children’s ideas about the Earth beneath
their feet are influenced by their everyday
experience digging holes. Few children have
experienced digging holes greater than a
few feet. When they have dug holes in
the Earth or observed excavations, most
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•

•

Th is probe is best used as a precursor to
elicit ideas related to several of the standards
and core ideas that involve weathering
and erosion, Earth’s geological history,
and plate tectonics. Students first need to
understand that the next layer of Earth
beneath them, after the crust, is made up
of solid, rigid rock.
Th is probe provides an opportunity for
students to use the scientific practice of
developing and using a model. They can
draw a picture to represent their conceptual model and use it to support their
explanation. Have students present their
models and clarify their ideas about depth
and materials. For the deepest part of their
drawing, ask students if there is anything
under that.
Be aware that students’ experience digging
into the ground may affect their thinking
because they see mostly soil and pieces
of rock.
Use accurate diagrams and representations
to help students visualize Earth’s interior
structure.
Observing or showing photos of a steep
rock cliff, road cut, or rock quarries will
help students see that there is a thin layer
of soil and rock rubble on top of a deep
layer of solid rock.
Make sure students understand that soil
depth varies and so do other characteristics
of soil. In some areas, soil may extend deeply,
whereas in other areas, it is quite shallow.

E
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Related Core Ideas in A
Framework for K–12 Science
Education (NRC 2012)

Suggestions for Instruction and
Assessment

nl

3–5 Processes That Shape the Earth
• Smaller rocks come from the breakage and
weathering of bedrock and larger rocks.
Soil is made partly from weathered rock,
partly from plant remains—and also contains many living organisms.
6–8 Processes That Shape the Earth
• Although weathered rock is the basic
component of soil, the composition and
texture of soil and its fertility and resistance
to erosion are greatly influenced by plant
roots and debris, bacteria, fungi, worms,
insects, rodents, and other organisms.
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children have seen soil with rocks in it
(Russell et al. 1993).

•

References
American Association for the Advancement of Science
(AAAS). 2009. Benchmarks for science literacy
online. www.project2061.org/publications/bsl/online.
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Weather Predictors

Purpose

B
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w

The purpose of this assessment probe is to
elicit students’ ideas about weather predictions. The probe is designed to find out if
students recognize the limitations of long-term
weather forecasting.

Type of Probe
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Friendly talk

Related Concepts
Weather, weather forecasting
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Explanation

58

The best answer is Saul’s: “I don’t think we can
predict what this year’s winter weather will be
like based on just our summer weather.” Longterm weather predictions can be made, but they
involve several factors besides what the summer
weather is like. It is difficult to make accurate,
long-term weather predictions several months
in advance with limited data. Predictions and
weather forecasts consider a variety of factors in

the atmosphere—not animal behavior, thickness
of fur, a ground hog’s shadow, or how hot the
preceding summer is. Some animals (e.g., wooly
caterpillars) experience changes in numbers and
coloration that seem to predict the severity of
an upcoming winter. Although those patterns
have sometimes been noticed to correlate with
harsh winters, entomologists generally agree that
woolly caterpillars are not accurate predictors of
winter weather. Many variables may contribute
to changes in the wooly caterpillar’s numbers
and coloration, such as food availability, temperature or moisture during larval development,
age, and even differences in species.
The Farmer’s Almanac has an interesting
history of predicting long-term weather that
combines sunspot activity, climatology, and
meteorology. The resource uses 30-year statistical
averages and claims accuracy up to 80%. Some
of their predictions hold true, whereas others
are very wrong. Meteorologists generally do
not consider The Farmer’s Almanac a scientific
predictor of long-range weather forecasts.

NST7564 • 9781743307564 © 2015 Hawker Brownlow Education

Water Cycle, Weather, and Climate

10
Related Core Ideas in A
Framework for K–12 Science
Education (NRC 2012)
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Meteorologists do make seasonal weather
predictions based on factors such as the El Niño
and La Niña cycle and the Arctic Oscillation.
The issue is the amount of uncertainty inherent
in the prediction; the further ahead in time the
prediction is made, the higher the uncertainty.
The important point for students to know is that
scientists look at various factors and patterns to
make short- and long-term predictions about
weather with various degrees of accuracy.

Administering the Probe
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Related Core Ideas in
Benchmarks for Science
Literacy (AAAS 2009)

E

This probe is best used with grades 3–8. Make
sure students know that the boys are wondering
about what the specific winter weather will be
like months before the coming winter.

K–2 ESS2.D: Weather and Climate
• Weather is the combination of sunlight,
wind, snow or rain, and temperature in a
particular region at a particular time. People
measure these conditions to describe and
record the weather and to notice patterns
over time.
3–5 ESS2.D: Weather and Climate
• Scientists record patterns of the weather
across different times and areas so that they
can make predictions about what kind of
weather might happen next.
6–8 ESS2.D: Weather and Climate
• Weather and climate are influenced by
interactions involving sunlight, the ocean,
the atmosphere, ice, landforms, and living things. These interactions vary with
latitude, altitude, and local and regional
geography, all of which can affect oceanic
and atmospheric flow patterns.
• Because these patterns are so complex, weather
can only be predicted probabilistically.

Related Research
•
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K–2 The Earth
• The temperature and amount of rain (or
snow) tend to be high, low, or medium in
the same months every year.
3–5 The Earth
• The weather is always changing and can
be described by measurable quantities
such as temperature, wind direction and
speed, and precipitation. Large masses of
air with certain properties move across the
surface of the Earth. The movement and
interaction of these air masses is used to
forecast the weather.
6–8 The Earth
• The temperature of a place on the Earth’s
surface tends to rise and fall in a somewhat
predictable pattern every day and over the
course of a year. The pattern of temperature
changes observed in a place tends to vary
depending on how far north or south of the
equator the place is, how near to oceans it
is, and how high above sea level it is.

•

Some students may think that winter
weather can be predicted by studying
the thickness of the fur on some animals
(Phillips 1991).
A study of preservice teachers’ ideas revealed
that some believed that very cold winters
can be predicted by seeing how hot it was
the previous summer (Schoon 1995).

Suggestions for Instruction and
Assessment
•

Follow up by having students develop
rebuttals to explain why each of the distracters is not an accurate way to predict
long-term weather.
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