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GENERAL USE OF Science in the Classroom 
 

Student Learning Goals: 

Current views of science education emphasize that “one fundamental goal for K-12 
science education is a scientifically literate person who can understand the nature of 
scientific knowledge.” (From A Framework for K-12 Science Education, National 
Research Council, 2012).  
 
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.” 
   
A very 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.   

 
 
 
 
 
 
 
 
 
 
 



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.  Clicking on any of the headings will result in corresponding text 
of the research article being highlighted.  A second 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 in use.        
 
 

 
 

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. 
 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Suggestions for Classroom Use: 

Four alternative ways to use the SitC reading, questions, and activities: 
 

1. Assign to small groups to complete during class 
 

2. Assign different sections of the article to small groups to complete during class. 
Use class presentations or jigsaw to teach the entire class what is in the article.  
 

3. Assign to individual students to complete during class or as homework.   
 

4. Assign as an extra credit project. 
 
 

Interactive student engagement ideas for use after reading the article: 
 

1. Have 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 best understood by their peers. 
 

3. Have students edit the current version of the article, or parts of the article, to a 
simpler reading level. 

 
4. Have students, working 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 
 

Student Learning Goals: 

 

 Connections to the nature of science from the article 
o Why do scientists have so much trouble replicating nature? 
o Can a process intended for one purpose (photosynthesis) be packaged into a 

solution for a different problem? 
 

 The importance of this scientific research  

o future renewable energy source 

 

 The actual science involved  

o electrochemistry 

o solar energy 

o catalysis 

o photosynthesis 

o anode/cathode chemistry 

o comparing an artificial cell to natural photosynthesis 

o connects to the ideal gas law 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Connect to Learning Standards: 
 

This resource connects to four sets of learning standards:  
 
Discussion Questions related to these standards are found in Resources for Interactive 
Engagement 

 
 
 
1. The AP Chemistry Standards 
 
http://media.collegeboard.com/digitalServices/pdf/ap/2013advances/AAP-
ChemistryCED_Effective_Fall_2013.pdf 
 

 Essential knowledge 4.D.1:  
Catalysts function by lowering the activation energy of an elementary step in a 
reaction mechanism, and by providing a new and faster reaction mechanism (page 
53 of the AP Chemistry Course and Exam Description).  

 

 Essential knowledge 4.D.2:  
Important classes in catalysis include acid base catalysis, surface catalysis, and 
enzyme catalysis (page 54 of the AP Chemistry Course and Exam Description).  
 

 Essential knowledge 3.B.3:  
In oxidation-reduction (redox) reactions, there is a net transfer of electrons. The 
species that loses electrons is oxidized, and the species that gains electrons is 
reduced (page 43 of the AP Chemistry Course and Exam Description).  

 

 Essential knowledge 3.C.3: Electrochemistry shows the interconversion between 
chemical and electrical energy in galvanic and electrolytic cells (page 46 of the AP 
Chemistry Course and Exam Description).  
 
 
 

2. The AP Bio Standards 
 
http://media.collegeboard.com/digitalServices/pdf/ap/2012advances/AP-
Biology_CED_Fall2012.pdf 
 

 Essential Knowledge 2.A.2: Organisms capture and store free energy for use in 
biological processes (page 25 of the AP Biology Course and Exam Description).  

 
 
 
3. The Science and Engineering Practices contained in the Next Generation 

Science Standards  

http://media.collegeboard.com/digitalServices/pdf/ap/2013advances/AAP-ChemistryCED_Effective_Fall_2013.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/2013advances/AAP-ChemistryCED_Effective_Fall_2013.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/2012advances/AP-Biology_CED_Fall2012.pdf
http://media.collegeboard.com/digitalServices/pdf/ap/2012advances/AP-Biology_CED_Fall2012.pdf


http://www.nap.edu/openbook.php?record_id=13165&page=41 

 Practice 1: Asking questions.  
 

 Practice 2: Developing and using models.  
 

 Practice 6: Designing solutions (for engineering).  
 

 Practice 8: Obtaining, evaluating, and communicating information.  
 
 
 

4. The Common Core English and Language Arts Standards  
 
http://www.corestandards.org/ELA-Literacy/RST/11-12 
 

 RST.11-12.4: Determine the meaning of symbols, key terms, and other domain-
specific words and phrases as they are used in a specific scientific or technical 
context.  
 

 RST.11-12.6: Analyze the author’s purpose.  
 

 RST.11-12.7: Integrate and evaluate multiple sources of information presented in 
diverse formats and media in order to address a question or solve a problem.  

 
 

 
 

 

 

 

 

 

 

 

 

 

http://www.nap.edu/openbook.php?record_id=13165&page=41
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: 
As an energy source, the Sun is capable of providing enough power for all of our energy 
needs.  Currently, we are unable to efficiently harness this power and store it until it is 
needed.  How can scientists and engineers achieve this?  By turning to plants for the 
answers.  Through photosynthesis, plants are able to turn light from the sun into stored 
energy with almost perfect efficiency.  Scientists look to photosynthesis for inspiration 
as they work to develop an affordable and efficient method for harnessing solar energy 
to synthesize fuels.  Are we getting close? 
 
Topics covered:  

 electrochemistry 

 solar energy 

 catalysis 

 photosynthesis 
 
Why this Research is Important: 
Plants are almost completely efficient in turning solar energy into energy they can use.  
Humans are having severe difficulty replicating this phenomenon.  Being able to match 
nature’s efficiency in harvesting and storing solar energy will be beneficial as our current 
energy supplies and planet face environmental stresses. 
 
Methods used in the Research: 

 Characterization of an electrochemical solar cell using voltammetry, the study of 
current (I) as a function of applied potential (E).  

 Scanning Electron Microscopy 

 Hydrogen and Oxygen yields of an electrochemical cell  
 
Conclusions: 
The electrochemical solar cells designed in this study capture the functional elements of 
energy capture and storage by a leaf.  At present, the solar cells in this study can 
redirect about 2.5% of the energy of sunlight into hydrogen production in its wireless 
form; this increases to 4.7 % efficiency when wires are used in the solar cells.  
 
Areas of Further Study: 
How to collect and store the energy this electrochemical solar cell is producing.   For 

instance, the hydrogen gas produced by photochemical water splitting may be collected 

directly and used or combined with carbon dioxide. 

 
 
 



Resources for Interactive Engagement: 
 
 
1.  Discussion Questions Associated with the Standards 
 
 
The AP Chemistry Standards 
 
Essential knowledge 4.D.1:  

Catalysts function by lowering the activation energy of an elementary step in a 
reaction mechanism, and by providing a new and faster reaction mechanism (page 
53 of the AP Chemistry Course and Exam Description).  

 
Essential knowledge 4.D.2:  

Important classes in catalysis include acid base catalysis, surface catalysis, and 
enzyme catalysis (page 54 of the AP Chemistry Course and Exam Description).  

 
 
1.  Co-OEC is the catalyst for this solar cell.  Why is the thickness of this catalyst 
so important?  The catalyst layer needs to be thin enough for light to shine 
through and drive the reaction.   
 
2.  Why can we not just add more and more catalyst to this reaction to increase 
efficiency?   The catalyst cannot be too thick to block the light.    
 
3.  What kind of catalyst is Co-OEC?  Surface catalyst.   

 
 

 
Essential knowledge 3.B.3:  

In oxidation-reduction (redox) reactions, there is a net transfer of electrons. The 
species that loses electrons is oxidized, and the species that gains electrons is 
reduced (page 43 of the AP Chemistry Course and Exam Description).  

 
Essential knowledge 3.C.3: Electrochemistry shows the interconversion between 
chemical and electrical energy in galvanic and electrolytic cells (page 46 of the AP 
Chemistry Course and Exam Description).  
 
 
4.  How do electrons travel in the wired PEC cell versus the wireless cell?  In a 
wired cell electrons can travel directly along the connecting wire while in a 
wireless cell electrons travel through an electrolyte.     
 
 
 
 



The AP Biology Standards 
 
Essential Knowledge 2.A.2: Organisms capture and store free energy for use in 
biological processes (page 25 of the AP Biology Course and Exam Description).  
 
 
5.  Why are scientists having trouble replicating photosynthesis?  Plant 
photosynthesis evolved over billions of years, it will take a lot of trial and error to 
replicate this artificially.  Also, the molecular makeup of plants is highly 
specialized, and most synthetic systems are unable to replicate it.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Science and Engineering Practices that appear in the Next Generation 
Science Standards  
 
Practice 1: Asking questions.  
 
 
6.  How is asking questions an important part of scientific research? Big 
questions help scientists to narrow and define important areas of research.  
 
7.  What are some other “big questions” in science? Select one of your “big 
questions” and narrow it down to a question that could be investigated. Plants 
can convert sunlight into fuel with near-perfect efficiency. What is their secret, 
and can humans replicate it?  
 
 
Practice 2: Developing and using models.  
 
8.  Does the model the authors built work like they had envisioned?  Yes, but they 
hope to make it more efficient. 

  
9.  What can we learn from this model?  That affordable cathode models do exist 
and that this research is worth pursuing. 

 
10.  If this models works, what is the next step?  Designing a way to scale this 
model up to a larger size. 
 
11.  Why are researchers using photosynthesis as a model for their experiments?  
Because it creates energy from a renewable source…the sun.   
 
 
Practice 6: Designing solutions (for engineering).  
 
12.  While this is a promising first step, scientists and engineers still need to 
figure out how to scale up this technology.  What design constraints must be 
considered if this technology is to be made available for widespread use? Cost, 
availability of materials, control of the thickness of the catalyst layer. 
 
13.  The authors describe a Catch-22 trade-off that exists.  As more of the cobalt 
catalyst, Co-OEC, is added, more current is produced.  This also creates a 
problem.  What problem does it create? It increases the blockage of the light 
needed for the reaction to run. 
 
14.  Describe this Catch-22 in your own words and explain a possible solution or 
compromise based on the data. 
 
 



Practice 8: Obtaining, evaluating, and communicating information.  
 
15.  Scientific findings are often communicated through a research paper.  The 
abstract is a place where scientists briefly discuss the questions they were 
asking and the results they obtained while doing so.  What is the purpose of an 
abstract in a research paper? An abstract is a brief summary of an article, and is 
often used to help the reader quickly ascertain the paper's purpose.  An academic 
abstract typically outlines four elements relevant to the completed work: 

A statement of the question being asked 
The research methods used  
The results/findings of the research; and 
The main conclusions and recommendations 

 
16.  How is an abstract useful to another researcher in the same field?  It gives a 
brief overview of the question and results so researchers can quickly tell if this 
research will be applicable to their own.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Research#Research_methods


The Common Core English and Language Arts Standards  
 
RST.11-12.4: Determine the meaning of symbols, key terms, and other domain-specific 
words and phrases as they are used in a specific scientific or technical context.  
 
17.  A key term in this paper is “artificial leaf.” What does this term mean in this 
paper? Why is it used?  Artificial leaf refers to a solar cell that scientists designed 
to work the same as a leaf would.  It is used to indicate that while it shares some 
characteristics with a real leaf it also has limitations.     
 
18.  Another key term is “earth-abundance.”  What does this term mean in regard 
to silicon?  Earth-abundance means that they substance is found in the earth’s 
crust, can be easily dug out of the earth, and can exist outside of the earth 
(without reacting with oxygen).   
 
 
RST.11-12.6: Analyze the author’s purpose in the explanation, procedure, or 
experiment, and ID important issues that remain unresolved. 
 
19.  Here, the authors look to photosynthesis as a model for energy production.  
Why is this topic important to us? Our current energy sources are limited.  Using 
the sun, a renewable energy source, instead of fossil fuels is important both 
environmentally and economically.   
 
20.  What issues with using artificial photosynthesis as an energy production 
technique still remain unresolved?  How to store the hydrogen gas that is 
released until it is needed for energy.   
 
 
RST.11-12.7: Integrate and evaluate multiple sources of information presented in 
diverse formats and media in order to address a question or solve a problem.  
 
21.  Here, an electrolyte starts out strong yet eventually destroys the cell itself. 
Why did this happen? KOH is an extremely strong base that eventually destroys 
the metals in the catalysts. 
 
 
 
 
 
 
 
 
 
 
 



2.  Discussion Questions Associated with Figures in the Article 
 
 
Discussion Questions Associated with Figures in the Article are found within the 

Learning Notes.  The symbol denotes where in the text the discussion question fits 
best.  We encourage teachers to present these questions to students for open- ended 
conversations about the data and research.  Potential answers (although not the only 
answers) are provided in blue text when possible.   
 
 
 
Discussion Questions associated with Figure 1: 

Figure 1A 
 
Researchers are measuring the current density produced by the artificial leaf vs. the 
voltage applied to the leaf. The black, grey, and pink lines serve as controls in this 
experiment.     
 
22.  What conditions are used for the controls?  Four sets of conditions are used: 

Dark 
AM 1.5 
AM 1.5 + 0.25mM Co2+ 
AM 1.5 + 0.25mM Co2+ + Co-OEC film 

 
23.  Why are these conditions used for the controls? 

Dark- The “true” control.  Nothing is happening to the artificial leaf. 
AM 1.5 – shows what the artificial leaf will do in sunlight alone. 
AM 1.5 + 0.25mM Co2+ - shows what the artificial leaf will do in sunlight 
with an electrolyte.   
AM 1.5 + 0.25mM Co2+ + Co-OEC film – shows how the cathode material 
(Co-OEC film) will affect the artificial leaf in the presence of sunlight and 
an electrolyte.  This is the configuration that represents the entire 
working artificial leaf.   

 
24.  What variables are the experimenters testing, and why?  Performance of the 
artificial leaf in the presence of 0.25 mM Co2+ with and without a Co-OEC film 
coating (this is the cathode material.  
 
25.  Which variables produced the highest current density over the range of 
tested voltages? The presence of 0.25 mM Co2+ with a Co-OEC film coating 

 
26.  Why does the addition of the electrolyte 0.25 mM Co2+ make such a 
difference?  It is an electrolyte, which allows current to flow 
 
 



Figure 1B 
 
27.  What is this graph measuring, and how is it different from the graph in Panel 
A?  This graph is measuring the current density of the artificial leaf as the Co-
OEC film (the cathode) is deposited.  Note the difference in scale between Panel A 
and B.  Panel A measures the current density in the four experimental groups 
(discussed above).     

 
28.  Why did the researchers include this graph in their report? They have taken 
the highest performing cell from A and did a time course study to see when the 
current produced from the cell will plateau.   
 

Figure 2 
 
29.  Why does the thickness of the Co-OEC film matter?  Light needs to be able to 

pass through in order for the reaction to occur.   

 
Figure 3A 
 
30.  Which parts of this wired PEC cell are which? 

Anode:  3jn-a-Si 
Cathode:  NiMoZn 
Electrolyte:  KBi or KOH 

 
31.  Why does SFE for the cell in KOH decrease so suddenly?  KOH is an 

extremely strong base and eventually results in corrosion of the cell.  

 
Figure 3B 
 
32.  Which configuration, wired or wireless, results in a higher SFE?  Wired (look 
closely at the scale for SFE in both graphs).   

 
33.  Why is this the case?  The wire provides a route for the electrons to flow 
across, while in the wireless cell the electrons have to flow through the 
electrolyte only. 

 
34.  Why does the SFE start so high in Figure 3A?  Eventually the Co-OEC film 
(blocks the light) and the KOH electrolyte (corrodes the artificial leaf) impedes the 
working of the artificial leaf.   

 
35.  Does the wire corrode in Fig 3A or the artificial leaf?  The artificial leaf 
corrodes.  

  



36.  Why does panel B look the opposite of Panel A?  Panel B is measuring O2 
release on the left hand axis, and SFE% on the right hand axis.  To show that 
oxygen is not released without light, the x axis starts before the light is turned on 
(at 0.0), which is why the graph starts out flat.  The SFE% scaling is also different 
from that in Panel A.    

 
37.  Why doesn’t the blue line drop off in Fig 3B?   Figure 3B does not use KOH, 
so it is not as subject to as much corroding.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3.  Activities connecting to the data shown in the Article 
 
The Activities are linked to in the right-hand sidebar found above the Learning Lens.  
Activities linked to this particular resource contain raw data from the authors that the 
students will be able to work with directly.   
 
We encourage teachers to pick several time points of data and compare/contrast 
efficiency.  Some questions for discussion include: 
  
38.  Why did Dr. Pijpers take measurements before the light was on?  To create a 
control baseline measurement for when the cell was off.   

 
39.  Which electrolyte is more efficient?  Numbers will vary depending on how 
many counts students average but 0.5M Kbi + 1M KNO3 (electrolyte) will be more 
efficient. 
 
40.  Does the cell become more efficient the longer the light is on?  No, eventually 
the cell efficiency will level off.   
 
41.  If the light source was constant, would this reaction ever stop?  Yes, 
eventually the electrolyte solution would erode the cell, a main difference 
between nature and synthetic cells!    
 
42.  What causes the delay between the light turning on and the production of H2 
and O2 gas?  The time it takes for the water splitting reaction to begin and cycle 
through to the point of gas release.   
 
43.  Why do you use a slightly modified version of the ideal gas law?  Because 
the scientists are measuring the release of gas, which is a rate and not a static 
value.   
 
 
 
 


