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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 do scientists want to develop methods that consume low quantities of material 
per reaction and enable faster screening of suitable reaction conditions? 
 

 How can these targets be achieved? 
 
 
The importance of this scientific research  
 

 This research highlights a powerful miniaturized approach to overcome material 
limitations at the front end of drug discovery or natural product synthesis processes.  

 
 
The actual science involved 
 

 Nanoscale chemistry 

 Drug discovery 

 High-throughput evaluation of successful reactions and promising molecules 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Connect to Learning Standards: 
 
 

The Next Generation Science Standards 

 

 Science and Engineering Practice 2: Developing and using models 

 Science and Engineering Practice 4: Analyzing and interpreting data 

 Science and Engineering Practice 6: Constructing explanations (for science) and 

designing solutions (for engineering) 

 

The AP Chemistry Standards 

 

 Essential knowledge 2.A.3: Solutions are homogenous mixtures in which the 

physical properties are dependent on the concentration of the solute and the 

strengths of all interactions among the particles of the solutes and solvent.  

 Essential knowledge 3.A.2: Quantitative information can be derived from 

stoichiometric calculations that utilize the mole ratios from the balanced chemical 

equations. The role of stoichiometry in real-world applications is important to note, 

so that it does not seem to be simply an exercise done only by chemists. 

 Essential knowledge 4.A.1: The rate of a reaction is influenced by the concentration 

or pressure of reactants, the phase of the reactants and products, and 

environmental factors such as temperature and solvent.  

 

JSTOR Research Basics 

 

This is an online self-study program that can be completed at one’s own pace; it 
teaches research basics that are helpful for high school and beyond.  
 

 

 

 

 

 

 

 

 

 

 

 

http://www.nextgenscience.org/get-to-know
http://media.collegeboard.com/digitalServices/pdf/ap/ap-chemistry-course-and-exam-description.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/ap-chemistry-course-and-exam-description.pdf
http://researchbasics.jstor.org/
http://researchbasics.jstor.org/


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: 
 
The problem that researchers are trying to address in this study is that of unavailability 
of large quantities of material at the front end of the drug discovery process. To 
overcome this limitation, the potential of high-throughput experimentation was explored 
and it was found that it can serve as the much needed tool for identification of promising 
reaction conditions, on microgram or nanomole scale, for synthesis of highly 
functionalized drug molecules. The reactions were carried out at room temperature 
using palladium as the catalyst and dimethyl sulfoxide (DMSO) as the solvent. This 
miniaturized and automated platform, coupled with mass spectrometry–based high-
throughput analysis, resulted in a capability of running more than 1500 reactions in less 
than a day, using as little as 0.02 milligrams of material per reaction with product yields 
that were reproducible when the scale was increased by a factor of 1000 (0.02 to 25 
mg).   
 
 
 
Topics Covered: 
 

 High-throughput experimentation 

 Reaction chemistry in drug discovery  
 
 
 
Methods used in the Research: 
 

 Chromatography-based quantification techniques (MISER LC-MS) 

 Nanoliter robotics  

 Design of experiments for optimization of reaction conditions 
 
 
Conclusions: 
 

 Various ambient-temperature coupling conditions in DMSO solvent were identified 
and translated to large scale (50 mg), giving 68% to 98% product yield. 

 Reaction performance (relative conversion) was found to be highly reproducible as 
the scale of reaction volume was increased from 1 µL to 25 µL.  

 Out of the initial 32 failed reactions, this methodology, which first looked at catalyst-
based combinations and then at reaction stoichiometries, resulted in 21 successful 
substrate combinations, out of which 16 combinations yielded a pure product after a 
1000-fold scale up.  

 



Areas of Further Study: 
 

 Would this platform provide similar results while evaluating Pd-catalyzed reactions at 

room temperature in other solvent systems besides the model DMSO? Maybe NMP 

(N-methyl-2-pyrrolidone)?  

 

 

Discussion Questions: 
 
Discussion questions associated with the learning standards 
 
Essential knowledge 2.A.3: Distinction between homogeneous and heterogeneous 
solutions and the separation principle of chromatography.  
 

 The researchers suggest that engineering complexities can be overcome by 
conducting reactions at room temperature. What are some of these typical 
complexities that researchers face during laboratory experimentation? What kind 
of mixtures are scientists dealing with in this study and why is chromatography 
the ideal analytical technique to assay their reaction outcomes?  

 
 
Essential knowledge 3.A.2: Role of mole concept and stoichiometry in real-world 
applications.  

 

 Every chemical reaction utilizes specific moles of reactants and produces specific 
moles of products. What is the concept of limiting reactant? What concentration 
of substrates was used for each reaction in this study? Do you think the 
researchers had the stoichiometric knowledge of each of these reactions and 
could that be one of the reasons that so many reactions fail and do not produce 
the desired product?  

 
 
Essential knowledge 4.A.1: Dependence of reaction rate on various variables.  
 

 What are the different variables that affect the rate of a reaction? In this study, 
what was the optimum temperature and solvent system they used and why? 
What is the role of catalyst in reaction rate? What kind of catalysts did 
researchers use in this study and why?  

 
 
 
 
 
 
 



Practice 2: Developing and Using Models 

Practice 4: Analyzing and Interpreting Data 

Practice 6: Constructing explanations (for science) and designing solutions (for 

engineering) 

What is the importance of the statistical technique of design of experiments (DOE)? 

What were the main DOE conclusions in this study? What are some other fields of 

science in which this tool is highly useful? Did experimental results prove their 

hypothesis or, in other words, did their proposed solution (i.e., automated miniaturized 

platform) improve the material-limited front end of the drug discovery process? Evaluate 

certain merits and limitations of their proposed model, if any.  

 

Discussion questions associated with the figures 

Fig. 1: 
 

 Panel A and B: What are electrophiles and nucleophiles?  

 Panels C, D, and E: How were successful reactions screened in the laboratory? 
What are microvials? What are microtiter plates? What different plate configurations 
were used in the screening process? What is MISER LC-MS and what was it used 
for? 

 Panel F: What are the typical variables under consideration in a reaction?  

 Panel G: What does this graph represent? Reproducibility and strong correlation of 
results obtained at microtiter/small (1µL) and large/microvial scale (25µL). 

 
Fig. 2:  
 

 Panels A and B: What are heat maps and what do the colors blue, green, and yellow 
signify? What is the difference between UPLC and MISER, besides processing 
time?  

 Panel C: What is a chromatogram and what information does it give regarding a 
particular reaction? Hint: product yield! What are the variables on the x-axis and y-
axis?  

 Panel D: How did relative conversion change with the charge on the nucleophile and 
base? What does the three factorial four-level response curve represent? In other 
words, what are the three factors and the four levels of each factor in this design? 
Hint: The electrophile (6) was not changed but the other three factors (nucleophile-
10, base-29, and catalyst-42) were tested at four different levels each (such as four 
charge levels of nucleophile and base and four levels of catalyst loading; third factor 
is hidden in this curve) to optimize for highest conversion.  
 


