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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

 Provide explanations to observations and data.
 Recognize challenges and limitations of an experimental model.

The importance of this scientific research 

 Will inform wildlife conservation and management policies.

The actual science involved

 DNA fragment analysis (genotyping)
 Polymerase chain reaction
 DNA extraction
 Statistics

Connect to Learning Standards:

The Next Generation Science Standards

 Practice 2: Developing and Using Models
 Practice 4: Analyzing and Interpreting Data
 Practice 5: Using Mathematics and Computational Thinking

The AP Biology Standards

 Essential knowledge 1.B.1: Organisms share many conserved core processes 
and features that evolved and are widely distributed among organisms today. 

 Essential knowledge 1.C.1: Speciation and extinction have occurred throughout 
Earth’s history. 

 Essential knowledge 1.C.3: Populations of organisms continue to evolve. 
 Essential knowledge 2.C.2: Organisms respond to changes in their external 

environments. 

http://www.nextgenscience.org/get-to-know
http://media.collegeboard.com/digitalServices/pdf/ap/10b_2727_AP_Biology_CF_WEB_110128.pdf


 Essential knowledge 2.D.1: All biological systems from cells and organisms to 
populations, communities, and ecosystems are affected by complex biotic and 
abiotic interactions involving exchange of matter and free energy. 

 Essential knowledge 3.A.1: DNA, and in some cases RNA, is the primary source 
of heritable information. 

 Essential knowledge 3.A.3: The chromosomal basis of inheritance provides an 
understanding of the pattern of passage (transmission) of genes from parent to 
offspring. 

 Essential knowledge 3.C.2: Biological systems have multiple processes that 
increase genetic variation. 

 Essential knowledge 4.A.5: Communities are composed of populations of 
organisms that interact in complex ways. 

 Essential knowledge 4.B.3: Interactions between and within populations influence 
patterns of species distribution and abundance. 

 Essential knowledge 4.C.3: The level of variation in a population affects 
population dynamics. 

 Essential knowledge 4.C.4: The diversity of species within an ecosystem may 
influence the stability of the ecosystem.

Common Core English Language Arts

 Key Ideas and Details: CCSS.ELA-LITERACY.RST.11-12.2. Determine the 
central ideas or conclusions of a text; summarize complex concepts, processes, 
or information presented in a text by paraphrasing them in simpler but still 
accurate terms.

 Craft and Structure: CCSS.ELA-LITERACY.RST.11-12.6. Analyze the author's 
purpose in providing an explanation, describing a procedure, or discussing an 
experiment in a text, identifying important issues that remain unresolved.

 Integration of Knowledge and Ideas: CCSS.ELA-LITERACY.RST.11-12.8. 
Evaluate the hypotheses, data, analyses, and conclusions in a science or 
technical text, verifying the data when possible and corroborating or challenging 
conclusions with other sources of information.

http://www.corestandards.org/ELA-Literacy/RST/11-12/


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:

Current rates of ivory poaching threaten African elephant populations with extinction. 
Knowing the location of major poaching hot spots can make law enforcement more 
effective and facilitate the recovery of African elephant populations. The authors assign 
geographic origins to large ivory seizures by matching ivory genotypes with a 
geographic-specific allele frequency map. Mapping results indicate that major poaching 
hot spots in Africa are currently concentrated in two areas and that focused law 
enforcement in these areas may reduce future elephant poaching. 

Topics Covered:
 Conservation
 Science policy
 Ecology
 Molecular biology
 Forensic science

Why this research is important:

 African elephants are endangered and risk going extinct. This research identifies 
African elephant poaching hot spots that can be targeted by law enforcement 
efforts to prevent future poaching.

Methods used in the Research:

 DNA fragment analysis (genotyping)
 Polymerase chain reaction
 DNA extraction
 Statistics



Multimedia Resources from HHMI’s BioInteractive (www.BioInteractive.org)

Online Interactives
CSI Wildlife  (https://www.hhmi.org/biointeractive/csi-wildlife). Based on recently published 
results by Wasser and colleagues, students use DNA profiling, or fingerprinting, to solve two 
cases of elephant poaching. In the process they will learn about genetic markers, PCR, gel 
electrophoresis, allele frequencies, and population genetics. 

Surveying Elephants (https://www.hhmi.org/biointeractive/surveying-elephants). Students 
explore the methods scientists use to survey elephants and learn about the current state of the 
elephant population in Africa. 

Collection
Elephants (http://www.hhmi.org/biointeractive/elephants). The story of African elephants is a 
powerful case study for teaching key biological concepts and science practices while informing 
students how research can guide conservation. Students will learn about DNA fingerprinting, 
how population size is measured, genetic bottlenecks, and how sound travels.

Short Films and Videos
Scientist at Work Video: The Great Elephant Census 
(http://www.hhmi.org/biointeractive/great-elephant-census). How many African elephants are left 
and where are they? This video follows the work of researchers conducting the first census of 
African savanna elephants in over 40 years and the methods they are using to obtain accurate, 
up-to-date numbers across the continent. 

Some Animals Are More Equal than Others: Keystone Species and Trophic Cascades 
(https://www.hhmi.org/biointeractive/some-animals-are-more-equal-others-keystone-species-
and-trophic-cascades ). Keystone species and trophic cascades are fundamental concepts in 
ecology. This short film tells the story of how these concepts were first established through the 
pioneering experiments of two young researchers: Robert Paine and James Estes.

The Guide: A Biologist in Gorongosa (https://www.hhmi.org/biointeractive/guide-biologist-
gorongosa). Set against the restoration of war-torn Gorongosa National Park in Mozambique, 
The Guide tells the story of a young man from the local community who discovers a passion for 
science after meeting world-renowned biologist E.O. Wilson.  Also available in Spanish.

Data Points
Using Genetic Evidence to Identify Ivory Poaching Hotspots 
(http://www.hhmi.org/biointeractive/using-genetic-evidence-identify-ivory-poaching-hotspots). A 
team of scientists analyzed the DNA from seized ivory to determine where the ivory from 
poached elephants came from. (From Wasser et al. 2015. Science, 349, pp. 84-87.)

Animation
Polymerase Chain Reaction (https://www.hhmi.org/biointeractive/polymerase-chain-reaction). 
Polymerase chain reaction, or PCR, is a technique for making many copies of a specific DNA 
sequence. 

http://www.biointeractive.org/
https://www.hhmi.org/biointeractive/csi-wildlife
https://www.hhmi.org/biointeractive/surveying-elephants
http://www.hhmi.org/biointeractive/elephants
http://www.hhmi.org/biointeractive/great-elephant-census
https://www.hhmi.org/biointeractive/some-animals-are-more-equal-others-keystone-species-and-trophic-cascades
https://www.hhmi.org/biointeractive/some-animals-are-more-equal-others-keystone-species-and-trophic-cascades
https://www.hhmi.org/biointeractive/guide-biologist-gorongosa
https://www.hhmi.org/biointeractive/guide-biologist-gorongosa
http://www.hhmi.org/biointeractive/using-genetic-evidence-identify-ivory-poaching-hotspots)
https://www.hhmi.org/biointeractive/polymerase-chain-reaction


Classroom Activity
Population Genetics, Selection, and Evolution 
(https://www.hhmi.org/biointeractive/population-genetics-selection-and-evolution). A hands-on 
activity that uses simulations with beads to teach students about population genetics, the Hardy-
Weinberg principle, and how natural selection alters the frequency distribution of heritable traits.

Poster
Discovering Keystone Species (https://www.hhmi.org/biointeractive/discovering-keystone-
species). This classroom poster illustrates Robert Paine’s pioneering experiment that 
demonstrated the importance of top-down regulation of ecological communities by predators 
and led to his coining of the term keystone species.

Lecture Series
Patterns and Processes in Ecology (https://www.hhmi.org/biointeractive/patterns-and-
processes-ecology). What controls the numbers and distributions of animals in their 
environment? How do animals interact with other species? How do natural patterns arise in 
nature? Find out in the 2015 Holiday Lectures on Science.

https://www.hhmi.org/biointeractive/population-genetics-selection-and-evolution
https://www.hhmi.org/biointeractive/discovering-keystone-species)
https://www.hhmi.org/biointeractive/discovering-keystone-species)
https://www.hhmi.org/biointeractive/patterns-and-processes-ecology
https://www.hhmi.org/biointeractive/patterns-and-processes-ecology

