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Data Puzzles are designed as in-class exercises
A Data Puzzles website (www.ldeo.
for eighth- through twelfth-grade students. As
columbia.edu/edu/data_puzzles)
the word puzzle implies, they are intended to be
offers supplemental and supportchallenging, but our pilot testing shows that they
ing information for using Data
are within the grasp of students in this age group
Puzzles in your classroom. The
with appropriate instruction and scaffolding. Test
website includes items such as color
teachers have found it beneficial to team students
graphics for classroom display,
in pairs or small groups. Such grouping brings
teacher-generated materials such
the “self-explanation” effect into play as students
as scaffolding worksheets for some
explain their ideas to one another. Some of the
puzzles, detailed alignment of each
puzzles have built-in stopping points, at which
puzzle with the national science and
point the teacher can lead a class discussion and
math education standards, and other
confirm that all students understand a necessary
background information.
insight or result before moving on to the next section of the puzzle. Advanced Placement Science
students may be able to complete the puzzles on
their own as homework, although there is still value in having students
discuss their reasoning in pairs or small groups.
Our test teachers elected to use Data Puzzles after the relevant topic had
already been taught through conventional means, such as diagrams, photographs, and text. When used in this manner, a Data Puzzle serves as a knowledge integration activity—to deepen, broaden, and challenge newly learned
concepts and to link concepts with science process skills.
Each of the six puzzles addresses a topic that is typically taught in Earth
science at the high school level (paleoclimate, weather forecasting, earthquakes, estuaries, watersheds, and hydrothermal vents). Some of our test
teachers also used one or more puzzles in other courses, including chemistry,
biology, environmental science, oceanography, and general science. Each
puzzle is freestanding, so puzzles can be done in the order that suits the
local syllabus. The order of presentation in the book is from least to most
quantitatively demanding (see table on p. xix) because the target audience is
transitioning from the more qualitative approach to science that is typical of
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his couch quivering and saw that his pipe was
vibrating in an unusual manner.
An old woman was sleeping in the Collins
block at Beach street and the jar woke her up.
Mr. Nason, night manager of the Western Union
Telegraph, was lying down and felt his bed
shake for several seconds.
At the Fitchburg depot the restaurant cook
and his wife were awakened from a sound
sleep. Pictures upon the wall swung to and fro.
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Boston [MA], Aug. 11 [Part 1]—Boston has had
an earthquake. Not much of one, not enough to
shake down any buildings nor throw anybody
out of bed…. It was accompanied by swaying
chandeliers, rocking tables and furniture, and a
rumbling heavy sound like that of a well laden
cart going over frozen ground. This lasted about
ten seconds and then ceased.
D. J. Saunders was reclining in a room of
his house at the South End at the time, reading
a paper and inhaling tobacco fumes through
the stem of a black “T. D.” pipe, when he felt

n

All Shaken Up
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(from an article in the Boston Globe, Aug. 11, 1884)
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All Shaken Up
city picture frames, books, crockery and other
movables were endowed with sudden powers
of locomotion. A young man employed at
Ricker’s pharmacy says “The earthquake made
the bottles on the shelves move.” None of the
bottles was thrown from the shelves.
(from an article in the Boston Globe, Aug. 11, 1884)
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Boston [MA], Aug. 11 [Part 2]—Boston has had
an earthquake.
A gentleman in the upper story of the new
savings bank on School Street felt the whole
building sway and rock like a vessel at sea and
thought the chimneys would all fall down.
On Charles St. several persons were aroused
from sleep. On Ashburton place and at the
offices as well as in many other parts of the
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This Data Puzzle focuses on qualitative data collected through the five senses
of human beings (the people who experienced the earthquake and the reporters who wrote the newspaper articles) rather than quantitative data collected
by instruments. The puzzle offers a nontextbook-like view of a powerful Earth
process. Discussing the differences between qualitative and quantitative types
of data deepens students’ understanding of the nature of science.

n

Teaching Notes

Use of historic data lends itself to interdisciplinary work with history
and social studies teachers. The need for students to closely read the
newspaper articles and Mercalli intensity descriptions (pp. 46–47) is a
good opportunity for interdisciplinary work with English teachers.

•

Although this puzzle works for students in any geographic area, it
will have the most impact among students who have never personally
experienced an earthquake.

•

This is a good activity for fostering discourse and collaboration skills.
We recommend that steps 1, 2, and 3 be done individually, steps 4, 5,
and 6 be done in small groups, and steps 7, 8, and 9 be done as a full
class discussion. An important part of the impact of doing the puzzle
is the discussion of the newspaper accounts and the coding selected
by the students.
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If you are short on time, consider assigning steps 1, 2, and 3 as
homework. Use your valuable in-class time for the questions that need
small-group and full-class discussion.
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Teaching Note: To solve the puzzle, students must use critical-thinking
skills. Each use of critical thinking is described in the right-hand column
and is coded as follows: (S) Spatial, (T) Temporal, (Q) Quantitative, and (C)
Concept-based. See pages xiii–xv for a discussion of these four types of critical-thinking
skills. Decision making is also part of the skill set that students use to solve
this Data Puzzle. Decision-making skills are noted where appropriate.

n

Step-by-Step: How to Solve Data Puzzle #3

Critical Thinking

1. Read the newspaper accounts of the 1884 earthquake
provided by your teacher. (Other student groups
have different newspaper accounts.) How do these
accounts differ from modern newspaper stories?

(C) Students will need some familiarity with how
modern newspapers cover natural disasters, such
as earthquakes, storms, and tsunamis. If students
don’t have this background, the teacher may want to
provide, or have students bring in, newspaper clippings
about a recent natural disaster to allow a side-by-side
comparison. Consider starting with a discussion putting
1884 in context historically. What was happening in
history during this time period?

Answers could include the following:
• No photographs

w

• Old-fashioned, more literary vocabulary and
vivid descriptions

nl
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ro

• Specific people mentioned by name or occupation (plum picker, the hotel guest, the politician)
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• Descriptions lack what we refer to today as
political correctness
• Portrayal of gender differences

• Information transmitted by telegraph

Teaching Note: After students develop their ideas
about how the historical accounts differ from modern
newspaper stories of similar events, it works well to have
them state their ideas and read aloud their evidence. The
descriptive detail and old-fashioned phrasing come alive
when read aloud. Because student groups have different
readings, it can be helpful to accumulate answers to this
question on the board.

• Moral judgments

• Newspapers weren't for the masses but for
the literate elite

H

• No mention of monetary damages

©

• Few interviews with experts; most interviews
with “regular people”
• Attempts to provide scientific explanations
without knowledge of plate tectonics
• No mention of magnitude of the earthquake

(T) In Earth science class, temporal thinking usually
involves thinking about changes over geological
timescales. History and archeology also use temporal
thinking, although over shorter timescales. Here, students
are using temporal thinking to think about changes
over a historical timescale of a bit more than a century
(1884–2010, the year this book was written). A learning
goal could be for students to recognize that changes
in culture (e.g., the role of women), technology (e.g.,
telegraph versus internet), and scientific understanding
(e.g., plate tectonics) have occurred in parallel over the
same time span.
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Figure 4.1

Location of the
Hudson River
Estuary
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o answer the question “Is the Hudson River Too Salty to Drink?”
you would need to know about estuaries. There are many important estuaries in North America, including the Hudson River, the
Mississippi River, Chesapeake Bay, Puget Sound, and San Francisco
Bay. An estuary is a place where salt water from an ocean mixes with freshwater from inland rivers and streams. This mixing creates a “brackish,” or
partially salty, mix. The ocean tides and currents are also important, as their
twice-daily cycle assists with mixing the salty water and the freshwater.
The Hudson River (located in New Jersey and New York State; see Figure 4.1)
flows a total of 315 miles, but only the southern 153 miles (Figure 4.2, p. 94) are
considered the estuary. Located along the length of the map in Figure 4.2 are
numbers that represent “river miles” (indicated by the white lines on the map).
A river mile measures distance as if you were traveling on the river, starting with
zero at the southern tip of Manhattan and measuring northward along the river.

©
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Directions: Follow steps 1–7 below. Use additional sheets of paper as
needed and answer in complete sentences.
1.

Source: Created by Linda Pistolesi
using data publicly available from
www.census.gov.

Table 4.1 (p. 94) contains surface salinity readings collected by
school groups during the annual ”A Day in the Life of the Hudson
River.” The salinity is recorded in parts per million (ppm). Ocean
water is about 35,000 ppm, and distilled water is 0 ppm. Write the
salinity readings from the different river miles onto the map.

2a. How does the salinity in the data vary with distance from the
Atlantic Ocean?

© 2016 Hawker Brownlow Education • 9781760014698 • NST4698
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In this puzzle, students examine three different
sets of salinity data collected from the Hudson
River estuary in New York. The puzzle includes
data collected along the length of the estuary on
the same date; data collected over a span of days
that includes before, during, and after a rain event;
and finally data collected over a span of several
months. Each piece of the puzzle allows students
to extract a different insight into the dynamic
nature of the saltwater and freshwater mixing of an
estuary—how an estuary varies over space, how it
responds to regional rain events, and how it varies
with the season.

H

This puzzle works well in an Earth science, environmental science, or oceanography class.

©

Prior Skills Needed
•

Basic map-reading skills

•

The ability to read a time series graph

•

The ability to plot data on a time series graph

© 2016 Hawker Brownlow Education • 9781760014698 • NST4698

Aha! Insights
• The salinity levels in the Hudson
River estuary vary from location to
location on the river and also change
at a single location over time. All is
in flux.
• One storm’s worth of rainfall can
drastically change the salinity of the
river. It takes time, however, for the
storm water to collect from the far
reaches of the watershed and drain
down into the river, so the change in
river salinity happens later than the
rainfall.
• The salinity of the river changes with
the seasons, getting saltier when the
weather is hotter and drier.
• The Hudson River doesn’t just flow
in one direction—it has inflows from
all directions! Salty water from the
Atlantic Ocean comes into the estuary
from the south and freshwater from
the watershed comes into the estuary
from the north, east, and west.
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Critical Thinking

To answer the question “Is the Hudson River too salty
to drink?” you would need to know about estuaries.
There are many important estuaries in North America
including, for example, the Hudson River Mississippi
River, Chesapeake Bay, Puget Sound, and San Francisco
Bay to name a few. An estuary is a place where saltwater
from an ocean mixes with freshwater from inland
rivers and streams. This mixing creates a “brackish,” or
partially salty, mix. The ocean tides and currents are also
important, as their twice-daily cycle assists with mixing
the salty water and freshwater.

(C) This brief introduction is intended to call to mind
already-learned content, not to teach new concepts.
Concepts that students need to be familiar with prior
to doing the puzzle are estuary, river, tide, and fresh/
brackish/salty water.
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(S) Students must orient themselves to the map in
Figure 4.2, understanding the following:
• North is toward the top of the map and south is toward
the bottom of the map. The location map in Figure
4.1 and the north arrow in Figure 4.2—in addition
to knowledge of geography—provide the necessary
reference frame.
• The ocean is at the south end of the map. The river
flows southward, toward the ocean.
• River miles increase from the mouth of the river inland
(northward). River miles wind around the curves of
the river.
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The Hudson River (located in New York State and New
Jersey; see Figure 4.1) flows a total of 315 miles, but
only the southern 153 miles (Figure 4.2) are considered
the estuary. Located along the length of the map in
Figure 4.2 are numbers that represent “river miles”
(indicated by the white lines on the map). A river mile
measures distance as if you were traveling on the river,
starting with zero at the southern tip of Manhattan and
measuring northward along the river.

n

Answer Key
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1. Table 4.1 contains surface salinity readings
collected by school groups during the annual “A
Day in the Life of the Hudson River.” The salinity
is recorded in parts per million (ppm). Ocean water
is ~35,000 ppm, and distilled water is 0 ppm. Write
the salinity readings from the different river miles
onto the map in Figure 4.2.

(S) Students reorganize information from a tabular
arrangement into a spatial arrangement.
(Q) Students use units of parts per million, a ratio
measure of concentration. In helping students to
understand these units, a comparison to the more
familiar percent (parts per hundred) may be helpful.
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See answers in Figure 4.8.
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Because rainfall and salinity are high at the same time (Figures 4.4 and 4.5),
students may interpret the graphs of rainfall and salinity to mean that rainfall
causes an increase in salinity. This is NOT true!
To understand the point of confusion, it is important to observe that during
the time of heavy rain, the salinity graph is reflecting the standard tidal
rhythms of the salinity in the Hudson River. The twice-a-day regular rhythm
has not yet been affected by the rain. Rainfall actually dilutes the salinity
levels in the water, but because of the large volume of the river compared to
the amount of rain falling, this effect is not apparent in the salinity data until
24 to 48 hours after heavy rainfall—by which time the drainage of the entire
watershed is felt.

n

•

Students may not understand that the ocean is a concentrated source of salinity.
They may feel that the constant process of rocks being dissolved by water is what
makes the Hudson salty.
The strongest contributor to the salt content in the Hudson River is the
Atlantic Ocean. There is a low background amount of salt in the Hudson
River caused from the ongoing geologic erosion of rock formations in the
watershed, but this amount is much lower than the salinities observed in the
southern Hudson.
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• All rivers flow in only one direction.
Rivers with a tidal influence respond to the tides as well as to elevation as
they flow. About half of the Hudson River’s 315 mi. length flows only north
to south. The other half, its lower range, is tidal through its connection to the
Atlantic Ocean. The Hudson River has an unusually long tidal section, a result
of the lack of elevation change in the river. There is only an approximate 2 ft.
change in elevation along the lower 153 mi. section from New York harbor to
the Troy Dam.
• Downstream is always south in a river.
Rivers do not always flow from north to south. Rivers will flow downhill,
which can be any compass direction. Perhaps the most famous north-flowing
river is the Nile River in Egypt.
• The salinity in the Hudson River is controlled only by the tides.
The Hudson River tides are only one piece in the salinity story of the Hudson
River. See the answers to steps 2b, 5e, and 7.
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