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GENERAL USE OF Science in the Classroom
Student Learning Goals:
“One fundamental goal for K-12 science education is a scientifically literate person who
can understand the nature of scientific knowledge.”1
The U.S. National Academy of Sciences defines science as: “Any new finding requires
independent testing before it is accepted as scientific knowledge; a scientist is therefore
required to honestly and openly report results so that they can readily be repeated,
challenged, and built upon by other scientists. Proceeding in this way over centuries,
the community effort that we call science has developed an increasingly accurate
understanding of how the world works. To do so, it has had to reject all dogmatic claims
based on authority, insisting instead that there be reproducible evidence for any
scientific claim.”
An important student learning goal, central to any understanding of “the nature of
scientific knowledge,” is to give each student an appreciation of how science is done.
This includes knowing why:
 Scientists must be independent thinkers, who are free to dissent from what the
majority believes.


Science can deal only with issues for which testable evidence can be obtained.



All scientific understandings are built on previous work



It is to be expected that one scientist’s conclusions will sometimes contradict the
conclusions of other scientists.



Science is a never-ending venture, as the results from one study always lead to
more questions to investigate.

1

A Framework for K-12 Science Education, National Research Council, 2012

Using This Resource
Learning Lens:
The Learning Lens tool can be found on the right sidebar of each resource and is the
source of annotations. Click on the headings to highlight portions of the text of the
corresponding research article. A subsequent click on the highlighted text will produce
a text box containing more information about that particular piece of text. Below is an
example of the Glossary function of the Learning Lens.

An example of the resource with the Glossary, Previous Work, Author’s Experiments,
News and Policy Links, and References and Notes tools turned on. The Glossary tool
is in use.

Learning Notes:
Learning Notes accompany each figure and are designed to help students deconstruct
the methods and data analysis contained within each figure.

References:
The Reference section of each resource is annotated with a short statement about how
or why each reference relates to the current research study.

Thought Questions
Thought Questions are located above the Learning Lens in the right sidebar of each resource.
These questions were written to be universal and applicable to any primary research paper.
Thought questions do not have a single answer, or a correct answer for that matter, and can be
used to stimulate discussion among students.

Suggestions for Classroom Use:
In addition to the thought questions discussed above, other resources are provided for
use in the classroom. These can be found toward the end of the teacher guides
associated with each specific article and include:
1. Discussion questions specific to the article, related to the standards, and/or
associated with the figures.
2. Activities tied to the articles.

Some ways to use the Science in the Classroom articles:
1. Assign to student groups to read and discuss during class.
2. Assign small sections of the article to student groups to read and discuss during
class, with the expectation that they will present or use jigsaw to teach the entire
class what is in their part of the article.
3. Assign to individual students to complete during class or as homework.
4. Assign reading as an extra credit project.

Some ideas for interactive student engagement after reading the article:
1. Students write answers to discussion questions (for example, those linked to the
standards or those linked to the diagrams).
2. Go over the abstract, as well as information about the purpose and structure of
an abstract, and have students write their own abstracts for the articles in
language that could be understood by their peers.
3. Have students edit the article, or parts of the article, to a simpler reading level.
4. Have students, alone or in small groups, use the annotated list of references to
explain how the scientists who wrote this article built on the published work of at
least one independent group of scientists in making their discoveries. In the
process, did they produce data that supports the findings of the earlier
publication that they have cited in the text? In what way does this article support
the statement that scientific knowledge is built up as a “community effort”?

5. Use the article and discussion questions linked to the standards and the
diagrams for a teacher-led classroom discussion. The discussion can focus on
the nature of science and scientific research, as well as on the science in the
article itself.
6. Have students give a classroom presentation about the article, parts of the
article, or their answers to discussion questions.

ARTICLE-SPECIFIC MATERIALS

Connections to the nature of science from the article


How could we estimate Earth’s temperature before we had instrumental records?



How can we tell natural climate variability apart from human-caused changes?

The importance of this scientific research


Cohesive picture of global temperatures for the past 11,300 years by compiling
available proxy data.



Provides data on natural temperature variability and change due to orbital changes
on >300 year timescales.

The actual science involved


Global temperatures and their relationship to radiative balance



Paleoclimate proxies as indirect measurements of temperature



Milankovitch cycles and variability in Earth’s orbit



Natural climate variability versus anthropogenic climate change



Estimating global temperatures from point measurements of temperature

Connect to Learning Standards:

Next Generation Science Standards 8 practices:
http://www.nap.edu/openbook.php?record_id=13165&page=42
Practice 1: Asking questions and defining problems
Practice 2: Developing and using models
Practice 4: Analyzing and interpreting data

AP Environmental Science
http://media.collegeboard.com/digitalServices/pdf/ap/ap-environmental-science-coursedescription.pdf

Directly applicable to topic IID - Natural Ecosystem Change / Climate shifts.
Article also generally applicable to topics:
 VIIB (global warming)
 IA (Earth Science Concepts - especially geologic time scale, volcanism, seasons,
solar intensity and latitude)
 IB (The Atmosphere)

Summary of the Article for the Teacher:
It is recommended that this not be used by students in place of reading the article.
General Overview:
Many different studies have performed local reconstructions of past temperatures using
a variety of temperature proxies, including tree rings, isotope tracers in ice cores or
cave deposits, or the physical characteristics of plant leaves. This study culls available
proxy records to reconstruct a global picture of temperature change for the past 11,300
years. This extended record of temperatures helps place modern warmth into a greater
context, and decouples natural climate variability (driven largely by orbital changes) and
modern climate change and variability (driven largely by carbon emissions). The authors
find warm temperatures in the early Holocene (10,000 to 5000 years ago) followed by a
long-term cooling of 0.7°C between 5000 and 200 years ago. Based on these results,
the authors note that 20th century temperatures from instrumental records increased
from close to the coldest temperatures observed for the past 11,300 years to close to
the warmest. Finally, they estimate temperatures at the end of the 21th century will
exceed those of any period of the Holocene, based on climate model simulations of 21st
century climate.

Topics Covered:






Global temperatures and their relationship to radiative balance
Paleoclimate proxies as indirect measurements of temperature
Milankovitch cycles and variability in Earth’s orbit
Natural climate variability versus anthropogenic climate change
Estimating global temperatures from point measurements of temperature

Why this Research is Important:


This research provides a global picture of Earth’s temperature for the past 11,300
years. Global temperature records are difficult to reconstruct for past climates
because proxies record local temperature changes; thus, a large number of different
proxy records must be compiled to make long temperature records.



Temperature reconstructions are necessary to both put today’s temperatures and
projected changes into a greater context of Earth’s history as well as understand the
natural variability in Earth’s climate caused by subtle variations in Earth’s orbit.

Methods used in the Research:
This study relies heavily on statistical techniques, with the ultimate goal of combining
multiple estimates of local temperature from proxies to provide robust estimates of
global temperature. Although the specific implementations of the estimation methods
used vary, they all use basic statistics at their core, such as:
 Calculating means, anomalies, and standard deviations
 Calculating weighted averages (e.g., the area of different latitude bands around
Earth varies, thus, global mean temperature is a weighted average that is
weighted by latitude)
 Histograms and probability density functions
 Confidence intervals
 (More advanced: Monte Carlo estimation techniques and spectral analysis)

Conclusions:
The authors reconstruct the following temperature trends for the past 11,300 years:
(a) warm conditions during the early Holocene (10,000 to 5000 years ago) and
(b) a long-term cooling of ~0.7°C from 5000 to 200 years ago (Fig. 1).
These trends correspond well with changes in Earth’s orbit over the past 11,300 years,
with Earth’s orbit favoring warmer conditions in the earliest portion of the record (Fig. 2).
The authors combine these results with instrumental records of temperature from the
20th century and note that measured temperatures rose from near the coldest
temperatures from the Holocene to near the hottest temperatures from the Holocene.
Further, they note that the estimated end-of-21st-century temperatures from climate
model simulations are unprecedented in the Holocene (Fig. 3).

Areas of Further Study:
Despite the size of the proxy data set used here, there are still regions that are poorly
represented by proxy data. Thus, the picture presented here could change with a more
complete proxy record. In addition, though this study captures the long-term trends in
global temperature for the last 11,300 years, the statistical method used cannot resolve
climate variability of <100 years well. Thus, we still have more to learn about how
unprecedented modern rates of temperature change are in the context of the Holocene.

Resources for Interactive Engagement:
Discussion Questions

1. What determines global temperature? What factors can change global temperature?
Can you think of some factors that are externally driven (i.e., outside of the
atmosphere) and factors that are internally driven (i.e., in or below the atmosphere)?
2. What is a proxy “stack,” and why would the authors construct one?
3. Why do the authors use several different statistical techniques to estimate
temperatures for the Holocene?
4. This study integrates temperature estimates from multiple different proxy sources,
such as tree rings, ice cores, and cave deposits. What are some of the advantages
and disadvantages of trying to integrate data from these different sources?

