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I. 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.  

 
 



II. ARTICLE-SPECIFIC MATERIALS 
 
Connections to the nature of science from the article 
• How did the authors take advantage of naturally occurring variation for their 

experiments? 
• How is acclimatization different from evolution? 
• What implications do their results have for climate change modeling? 

 
The importance of this scientific research  
• Understanding an organism’s ability to acclimatize to the changing global climate 

 
The actual science involved 
• Transcriptome profiling 
• Thermal resistance tests 
• Quantitative description of phenotypic changes 

 
 
Connections to Learning Standards 
 
The AP Biology Standards 
• L. O. 1.11: Designing a plan to answer scientific questions regarding how 

organisms have changed over time using information from morphology, 
biochemistry and geology. 

 
The AP Environmental Science Standards 
• Topic II: Living World 
• Topic VII: Global Change 

 
Next Generation Science Standards 
• LS2.C: Ecosystem dynamics, functioning and resilience 

 
The Common Core English and Language Arts Standards 
• Integration of Knowledge and Ideas: CCSS.ELA-Literacy.RST.11.12.8: Evaluate the 

hypotheses, data, analysis, and conclusions in a science or technical test, verifying 
the data when possible and corroborating or challenging conclusions with other 
sources of information. 

 

 

 

 



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 
Corals form the foundation of diverse reef ecosystems, but as ocean temperatures rise, 
corals face increasing stress. Environmental changes may outpace coral evolution. Can 
corals adapt to tolerate rising temperatures? Here, authors report that corals can adjust 
their physiological responses rapidly and acclimatize to better withstand warm waters. 
 
Topics Covered 
• Effects of climate change 
• Biodiversity 
• Acclimatization 
• Symbiotic relationships 

 
Why this Research is Important 
Changing environmental conditions can drive evolutionary changes within species. This 
paper shows that some sensitive organisms, marine coral, can acclimatize to become 
more tolerant of climate change over a timespan shorter than can allow for evolutionary 
change.  
 
Methods used in the Research 
• Chlorophyll measurement by spectrophotometer 
• Transcriptome profiling 
 
Conclusions 
Changing environmental conditions can drive evolutionary changes within species. This 
paper shows that an ecologically important organism, the hard cover coral A. 
hyacinthus, can acclimatize to become more tolerant of the effects of climate change 
over a timespan shorter than can allow for evolutionary change.  
 
Areas of further study 

• Do corals that develop resistance to bleaching also develop resistance to other 
effects of climate change?  

• Are acclimatized corals less likely to die when water temperatures rise? 
• To what degree are other species capable of acclimatization?  
 
 
 
 
 
 



Discussion Questions  
 
Students may want to watch the short video “Steve Palumbi and Megan Morikawa 
Study Coral Reef Damage in American Samoa” from BioInteractive’s Scientists at Work 
video series (http://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-
coral-reef-damage-american-samoa). The questions below are selected from the 
accompanying worksheet that can be downloaded on the video’s webpage. It is helpful 
but not necessary for students to watch the video to answer the questions. 
 
 
1. Provide two examples of why coral reefs are important ecosystems on Earth. 

  
2. Corals form symbiotic relationships with microscopic photosynthetic algae that live in 

their cells and give the corals their distinct colors. The relationship is an example of 
mutualism, in which both species benefit. Predict how each organism in this 
relationship could benefit the other.  

 
3. Corals build a reef’s calcium carbonate structure, which in turn creates habitat for 

numerous other organisms to live. Explain how human activities are affecting ocean 
temperatures and how these changes lead to reef destruction and the loss of 
biodiversity. 

 
4. Heat stresses coral communities and can lead to coral bleaching. What is the impact 

of long-term coral bleaching to an individual coral and to a coral reef? 
 
5. Considering biodiversity and economics, describe three consequences the loss of 

coral reefs would have on the global human population. 
 
6. Based on the researchers’ discussion of the heat-resistance genes, differentiate 

between acclimation and adaptation. 
 
7. Dr. Palumbi and colleagues applied heat stress to corals from different pools, warm 

and cool. Make a claim regarding the resistance to bleaching of the warm pool 
corals and the cool pool corals. Justify your claim with experimental evidence. 

 

 
 
 
 

http://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-coral-reef-damage-american-samoa
http://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-coral-reef-damage-american-samoa


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

Animations 
Animation: Coral Bleaching (http://www.hhmi.org/biointeractive/coral-bleaching). Zoom into a 
coral reef and discover photosynthetic algae inside the coral’s cells. Reef-building corals rely on 
these symbionts for their survival. When ocean temperatures rise, the symbiont’s photosynthetic 
machinery may be damaged and produce harmful reactive oxygen molecules. 

Also soon available as Interactive Video with interactive content at selected system level stop 
points. 

Animation: Greenhouse Effect (http://www.hhmi.org/biointeractive/greenhouse-effect). 
Sunlight that warms Earth is re-emitted as infrared radiation, which is absorbed by greenhouse 
gases and causes further warming. 

Animation: DNA Transcription (advanced detail: http://www.hhmi.org/biointeractive/dna-
transcription-advanced-detail; basic detail: http://www.hhmi.org/biointeractive/dna-transcription-
basic-detail). This animation explains the process of copying DNA into messenger RNA (mRNA) 
and the role of transcription factors. 

Videos 
Scientists at Work: Steve Palumbi and Megan Morikawa Study Coral Reef Damage in 
America Samoa (https://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-
coral-reef-damage-american-samoa). Steve Palumbi has been doing research on the corals 
around Ofu Island in American Samoa for years. Along with graduate student Megan Morikawa, 
he is testing whether the island’s heat-resistant corals can be transplanted to damaged or 
destroyed reefs. 

Classroom Activities 
Scientists at Work Worksheet: Steve Palumbi and Megan Morikawa Study Coral Reef 
Damage in America Samoa (https://www.hhmi.org/biointeractive/steve-palumbi-megan-
morikawa-study-coral-reef-damage-american-samoa). This worksheet complements the 
Scientists at Work video Steve Palumbi and Megan Morikawa Study Coral Reef Damage in 
America Samoa. 

Data Point Activity: Coral Bleaching (coming soon on www.biointeractive.org). Steve Palumbi 
and colleagues performed a series of experiments on Ofu Island in American Samoa to test the 
ability of corals to acclimate to heat stress. The researchers tested whether corals become more 
resistant to bleaching through acclimation to frequent heat stress. 

Coral Bleaching Activity (https://www.hhmi.org/biointeractive/coral-bleaching-activity). In this 
computer-based activity, students use authentic data to assess the threat of coral bleaching 
around the world. Students download, graph, and analyze authentic satellite temperature data 
for coral reefs around the world. The class’s findings are summarized on a set of world maps.  

http://www.biointeractive.org/
http://www.hhmi.org/biointeractive/coral-bleaching
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http://www.hhmi.org/biointeractive/dna-transcription-advanced-detail
http://www.hhmi.org/biointeractive/dna-transcription-basic-detail
http://www.hhmi.org/biointeractive/dna-transcription-basic-detail
https://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-coral-reef-damage-american-samoa
https://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-coral-reef-damage-american-samoa
https://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-coral-reef-damage-american-samoa
https://www.hhmi.org/biointeractive/steve-palumbi-megan-morikawa-study-coral-reef-damage-american-samoa
http://www.biointeractive.org/
https://www.hhmi.org/biointeractive/coral-bleaching-activity


Ocean Acidification (coming soon on www.biointeractive.org). This activity is a supplement to 
the 2014 Holiday Lecture series: Biodiversity in the Age of Humans. Students simulate the 
effects of increasing atmospheric CO2 levels on the pH of surface seawater and determine how 
many years it would take to reach the atmospheric concentration of CO2 that would cause 
similar pH levels in the ocean. Discussion questions ask students to consider the effects of 
ocean acidification on marine ecosystems.   

Lectures 
Series: Biodiversity in the Age of Humans, 2014 Holiday Lectures on Science 
(https://www.hhmi.org/biointeractive/biodiversity-age-humans). Are we witnessing a sixth mass 
extinction? What factors threaten ecosystems on land and in the sea? What are researchers 
doing to try to conserve biodiversity and ecosystems around the world? In six lectures, leading 
scientists describe the state of biodiversity on our planet and how to face the great challenges 
that lie ahead. 

• S.R. Palumbi: Extreme Life of the Sea  
http://www.hhmi.org/biointeractive/extreme-life-sea 
Central theme: The threat to biodiversity in the ocean differs from the threats on land. 

• S.R. Palumbi: Ocean Species Respond to Climate Change  
http://www.hhmi.org/biointeractive/ocean-species-respond-climate-change  
Central theme: Coral reefs, how they are threatened by climate change, and how to 
protect them. 

 

Series: Changing Planet: Past, Present, Future, 2012 Holiday Lectures on Science 
(http://www.hhmi.org/biointeractive/changing-planet-past-present-future). In four presentations, 
leading scientists guide us on an exciting exploration of the history of life on Earth and discuss 
present-day concerns about climate change. 

Interactive Tutorials (Click and Learns) 
The Anthropocene: Human Impact on the Environment 
(http://www.hhmi.org/biointeractive/anthropocene-human-impact-environment). Explore key 
human impacts on the environments and how they have affected Earth’s landscape, ocean, 
atmosphere, and biodiversity with this engaging interactive. 

Paleoclimate: A History of Change (http://www.hhmi.org/biointeractive/paleoclimate-history-
change). Earth's climate is a complex system controlled by many factors. This tutorial examines 
two of these factors: solar radiation and the composition of Earth's atmosphere. 

Visualizing Gene Expression Patterns (http://www.hhmi.org/biointeractive/visualizing-gene-
expression-patterns) Summarizes the different ways scientists are able to detect when genes 
are being expressed in various tissues. 

Genetic Switches (http://www.hhmi.org/biointeractive/genetic-switches) Explains how gene 
switches can control expression of genes in different tissues. 
 

http://www.biointeractive.org/
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