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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 
 

 Why humans are fascinated by space exploration? 

 Understand whether a human mission to Mars is feasible based on the current 
physical structure and environment of Mars. 

 Did living organism exist on Mars? 

 Is it Mars habitable now? 
 
 
The actual science involved 
 

 Space radiation dosimetry – measurements and modeling  

 Space radiation detector use  

 Astrobiology and the origin of life 

 Life in extreme environments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Connect to Learning Standards: 
 
 

The Next Generation Science Standards 

 

 Science and Engineering Practice 2: The students will appreciate why some 

experimental research requires mathematical models to test and/or validate a 

scientific hypothesis or theory. 

 Science and Engineering Practice 6: The students learn how to interpret the data 

and relate them to previous knowledge. 

 

The AP Biology Standards 

 

 Science Practice 6: Using the data described in this study, the student may be able 

to reason on whether there was ever life on Mars and, if so, where astrobiologists 

should look for signs of it. Using the conclusions drawn from the study, the student 

will be able to speculate whether a manned mission to Mars is feasible. 

 

Common Core English Language Arts 

 

 11-12.8. The student will understand that the knowledge gained from previous 

studies might not always be applicable to another experiment. 

 

Vision and Change for Undergraduate Biology Education Core Competencies and 

Disciplinary Practice 

 

 Competency 4: The student can appreciate how several disciplines [physics 

(radiation), chemistry (organic vs. inorganic), material science (regolith, martian 

rock), geology, biology and mathematics] are necessary to understand if there was 

ever life on Mars and if the planet is currently habitable (at least for a reasonable 

amount of time to conduct research). 

 

Common Core Statistics and Probability 

 

 SEP events are unpredictable, but when they occur their contribution to the dose of 

radiation reaching the surface of Mars is statistically relevant. 

 

http://www.nextgenscience.org/get-to-know
http://media.collegeboard.com/digitalServices/pdf/ap/10b_2727_AP_Biology_CF_WEB_110128.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/10b_2727_AP_Biology_CF_WEB_110128.pdf
http://www.corestandards.org/ELA-Literacy/RST/11-12/
http://visionandchange.org/files/2011/02/Vision-and-Change-low-res.pdf
http://visionandchange.org/files/2011/02/Vision-and-Change-low-res.pdf
http://www.corestandards.org/Math/Content/HSS/introduction/


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: 
 
Space exploration still represents one of the most exciting frontiers of scientific 
discovery. After landing on the Moon on July 20th of 1969, humans have started 
working on the possibility to explore Mars, the most habitable planet of our solar 
system. However, the high level of radiation on the planet still represents the most 
limiting factor for Mars exploration. This is because the biological damage caused by 
the type of radiation present on Mars as well as the health risk of exposure to such 
radiation levels are not completely understood. In order to fully characterize the 
radiation environment on Mars, the particle and neutron detector RAD took 
measurements of the radiation dose on the surface of Mars for almost a (terrestrial) 
year. From the results obtained from this study, the researchers could speculate 
whether there was ever life on Mars and, if so, where past residues of living organisms 
should be searched for. Knowledge of the radiation rates during cruise and on the 
planet may help devise more efficient shields inside and outside the spacecraft and help 
to develop more effective countermeasures (e.g. diet, exercise regimen, etc.) for 
astronauts. The results add knowledge to the debate about habitability on Mars. 
 
 
Topics Covered: 
 

 Types of ionizing radiation incident on Mars (GRC and SEP) 

 Introduction to the basic unit of measure in Radiation Biology (Absorbed dose, dose 
equivalent, LET) 

 Basic concepts of organic and inorganic chemistry 

 Basic concepts of astrobiology 
 
 
 
Why this research is important: 
 

 Characterization of the radiation environment on Mars would help scientists 
understand whether a manned mission to Mars is possible. 

 Studies of the past and current radiation environment on Mars help scientists 
understand whether life on Mars existed and, if so, where its residues should be 
searched for. 

 Characterization of the current radiation environment on Mars contributes to the 
debate about habitability on Mars.  

 Knowledge of the radiation rates during cruise and on the planet may help devise 
more efficient shields inside and outside the spacecraft and help to develop more 
effective countermeasures for astronauts. 



Methods used in the Research: 
 

 The RAD instrument was used as a radiation detector for charged particles and 
neutrons.  

 Mathematical models. 
 
Conclusions: 
 

 RAD took measurements of the radiation dose on the surface of Mars for almost a 
(terrestrial) year. Taking many variables into account, it was concluded that the 
radiation dose due galactic cosmic rays (GCR) ranges between 180 and 225 
microgray per day. 

 Two variables, the time of the day and atmospheric pressure, influence the radiation 
dose rate on the surface of Mars. 

 The dose measured inside the spacecraft is higher than that measured outside. 

 Measurements taken by RAD allowed the researchers to estimate the equivalent 
dose for a typical human mission to Mars (360 days travel time plus a 500-day stay 
on the planet) as ~ 1 Sv (e.g.100 times higher than the dose equivalent from an 
abdominal CT scan). 

 The quality factor is a number that reflects the effectiveness of a certain type of 
radiation to induce biological damage. In general, greater is Q more severe is the 
biological damage induced by radiation. From this study, Q is estimated to be ~ 3 on 
the martian surface and ~ 4 inside the spacecraft. (As a comparison, radiobiologists 
generally assign Q = 1 for gamma rays and Q = 20 for alpha particles.) 

 The researchers estimate 76 mGy/year as the absorbed dose on the martian 
surface, a value in between what estimated by previous studies. Likely this value is 
more accurate because it is the result of in situ measurements compared to the 
previous estimations that were solely based on models.  

 When estimating how much radiation reaches the surface of Mars, it is critical to 
make an assumption on the type of material the rock is made of because its 
molecular composition influences the amount of absorbed radiation dose. Based on 
the rock density calculated from this study, the researchers are able to predict that 
the type of rock present on a certain spot on the Gale crater is iron-rich mudstone or 
siltstone. 

 This study suggests that the galactic cosmic rays can penetrate up to 3 m of the 
Mars surface. For depths bigger than that, the major contribution to the dose comes 
from the soil. This conclusion has also implications for devising the best shielding 
material; in principle, one can assume that thicker the shield less radiation would be 
absorbed. However, this study indicates that increasing the thickness of a Mars 
regolith-like material to more than 3 m would not result in an increase in its shielding 
properties. 

 The researchers estimate that some radioresistant living organisms may be found at 
about 1 m down the martian surface. 

 There is no proof of life existing on Mars yet. However, this study suggests a place 
where one can start looking for it: organic molecules might be found in eroded 
canyons or newly-formed craters that have been more recently exposed to radiation. 



Areas of Further Study: 
 

 Develop a more accurate characterization of the physics of space radiation; 

 Design material science studies to develop better shields; 

 Refine the geological characterization of the past and current martian soil 
composition; 

 Gain knowledge of astrobiology and the origin of life; 

 Gain knowledge on life in extreme environments; 

 Refine mathematics and statistics investigation to formulate more accurate models; 

 Devise better countermeasures to protect astronauts’ health in the case of long-term 
human interplanetary missions. 

 

Discussion Questions: 
 
1. Can you think of an experiment that would be difficult or impossible to test and 

therefore has to be simulated with a model? 
 

2. Given the dose equivalent measured by Radiation Assessment Detector on the 
surface of Mars described in Figure 4, 1) how much dose would astronauts get from 
a complete Mars mission [that is 180 days of trip (each way) + 500 days on Mars]? 
Assume that astronauts would get 300 mSv for spending 500 days on Mars and 10 
mSv from an abdominal CT scan; 2) what is the difference in equivalent dose in 
orders of magnitudes? 
 

3. Establish the relationship between the depth below the Mars surface and the 
effective shielding mass reported in Table 3 (the first two columns of the table), and 
then extrapolate the effective shielding mass at -1.5, -2.5, and -3.5 m. 
 

4. Review the physical and structural characteristics of each planet of our solar system. 
Are there planets other than Mars that can be considered habitable? Compare and 
contrast between a chosen planet and Earth some of the conditions for habitability: 
atmosphere thickness, temperature, presence of water, gravity, presence of a 
magnetic field, etc. 

 

Brainstorm activity: 
 
The fundamental aim of Radiation Protection is to provide appropriate standards of 
protection for humans who use radiation for medical, occupational and research 
purposes. The basic principle for research, in particular, states that it is acceptable to 
allow volunteers who receive no benefit to be exposed to excessive radiation (like in the 
case of an astronaut on a mission to Mars) if the benefit to society outweighs the health 
risks. Do you agree with the statement? Discuss. 
 


