






2. Characterize the major properties of water, pH, buffers, chemical bonds, energy thermodynamics,

enzymes, and structure of molecules and their importance in biological systems

3. Analyze the chemical structure and characteristics of carbohydrates, lipids, nucleic acids, and proteins

4. Describe the cell cycle, including mitosis and meiosis

5. Describe the structure and function of prokaryotic cells and eukaryoticcells

6. Analyze the principles of heredity

7. Describe and compare the processes of cellular respiration and photosynthesis, and explain their

importance to life on Earth

8. Characterize the processes of absorption, transpiration and related physiological processes in

plants and animals

Institution-specific Student Learning Outcomes 

Use scientific approaches to address relevant biological issues. 

D. Narrative

Explain what students are going to do to develop the critical skills (selected above) and how you will assess their 

learning? 

Communication. Genre and Medium Awareness, Application and Versatility; Strategies for Understanding and 

Evaluating Messages; and Evaluation and Production of Arguments. 

n this nana Uve that outcomes of first essential 

skill. 200 300 words, 

Critical Thinking. Problem Setting; Evidence Acquisition; Evidence Evaluation; and Reasoning/Conclusion 

Critical thinking skills are reinforced and practiced throughout this course. Infom1ation is routinely provided 

to students in the form of data (e.g. graphs or chmis), rather than "summarized" bullet points on a slide. 

Students must then practice their data interpretation and evaluation skills (Evidence Evaluation), and their 

proficiency can be formatively assessed with e.g. clickers. Lecture-based activities present scenarios based on 

an authentic situation ( e.g. some kind of authentic and scientifically-relevant problem) that can be grounded 

in a course-specific scientific topic. Students identify the key problem or question (Problem Setting), and then 

consider how the problem might be addressed ( e.g. they propose a scientific study to generate data that would 

inform the problem under investigation). Students then evaluate evidence from a variety of sources such as 

tables or graphs from scientific publications (Evidence Evaluation & Evidence Acquisition). Students 

evaluate the strengths and limitations of the data, then draw a conclusion (Reasoning/Conclusion) based on 

the evidence they have evaluated and make an evidence-based recommendation ( e.g. how could this problem 

be avoided or mitigated in the future?). As students work through the activity, they record their process (as 

outlined above) in response to specific prompts that focus on key steps ( e.g. problem statement; proposed 

study design; data interpretation; conclusion or recommendation). Students then hand in their document for 

evaluation. 

Quantitative Reasoning. Communication/Representation of Quantitative Information; Analysis of Quantitative 

Arguments; and Application of Quantitative Models 

Students have many oppottunities to develop quantitative reasoning skills in this course. Students interpret quantitative 

data presented in graphs and/or tables (Communication/Representation of Quantitative Information) and use their 

interpretations to draw a conclusion or make a recommendation. In some cases, students are asked to generate their own 

representation ( e.g. an appropriate graph) of data (Communication/Representation of Quantitative Information), which 



is submitted for evaluation. Students are presented with quantitative arguments, often in the form of data derived from 

experimental studies. Students then analyze these data to reach their own conclusions about the study (rather than being 

provided with the conclusions reached by the authors) (Analysis of Quantitative Arguments). Clickers can be used to 

probe students' understanding of the implications of the quantitative data. Students may also use quantitative data to 

determine impacts. For example, in one activity that reinforces students' understanding of the scientific method, 

students work through the eventual withdrawal of Vioxx by Merck. Students graph and interpret data about 

gastrointestinal and cardiovascular side effects presented by Merck in a scientific publication of a clinical trial 

(Communication/Representation of Quantitative Information; Analysis of Quantitative Arguments). Students use that 

data to predict the number of cardiovascular side effects in a national population (vs. the study population). Students 

then re-analyze the data with the addition of several patients that Merck withheld from the original publication, and 

again extrapolate to a national population. Students submit their work for formative assessment and feedback. Thus, 

students are also beginning to apply quantitative models to make numeric predictions (Application of Quantitative 

Models). 

Personal & Social Responsibility. lntercultural reasoning and intercultural competence; Sustainability and the 

natural and human worlds; Ethical reasoning; Collaboration skills, teamwork and value systems; and Civic discourse, 

civic knowledge and engagement- local and global 

Students work in pairs or groups in lecture, requiring them to develop and practice collaboration and teamwork skills. 

The scientific topics of the course naturally lend themselves to considerations of how humans interact with their 

environment (e.g. humans and plants are part of the carbon cycle, with humans relying on carbohydrates produced by 

plant photosynthesis, and then releasing carbon dioxide when humans use cellular respiration to "burn" those 

carbohydrates) (Sustainability and the natural and human worlds). This can lead to explorations of sustainability, and 

the impact of humans (beyond cellular respiration) on global climate change and therefore on life on Earth. Similarly, 

an understanding of photosynthesis and cellular respiration can lead to discussions of agricultural pollution (e.g. 

eutrophication that leads to "dead zones" in aquatic ecosystems and nitrates leaching into well water that can cause blue 

baby syndrome) as issues that impact the sustainability of current agricultural practices (and the impact on feeding a 

growing human population). Similarly, an understanding of prokaryotic and eukaryotic cells can lead to an exploration 

of how antibiotics work, and how human practices lead to the emergence of antibiotic resistance, adversely impacting 

the sustainability of these key drugs in treating infectious diseases. Analysis of the cell cycle and mitosis can lead to 

discussions of naturally-derived cancer chemotherapeutics (such as Taxol) and the conflicts that can arise when the 

medical needs of cancer patients (a natural product such as Taxol) interfere with preserving (sustaining) key ecosystems 

on the planet (in this case, yew trees from old-growth forests which are also the home of the spotted owl). 

Information & Digital Literacy. Authority and Value of Information; Digital Literacy; Information Structure; and 

Research as Inquiry 

In a narrative thdt the outcomes of third essentlal 

skilL 200 - 300 words. 

E. Supporting Documents

D Sample Course Rubric Attached (recommended) 181 Sample Assessment Attached (required) 

F. Assessment Plan (Must be on file with HED by August 1, 2019)

Link to Institution's General Education Assessment Plan 

This course meets institutional standards for general education. 





Biol 211G, Sample Assessment 

Science and Big Pharma 

 

We are providing an in-class activity as a sample assessment. We are providing three parts of 

this assessment, each annotated to point to the essential skills addressed by this assessment 

(Critical Thinking and Quantitative Reasoning).  

 

The activity is a case study in which students work through the Vioxx “scandal”. After 

establishing the problem with nonspecific non-steroidal anti-inflammatories (Critical Thinking: 

Problem Setting), students interpret the initial published evidence (presented graphically) to 

conclude that Vioxx successfully reduced adverse gastrointestinal side effects relative to non-

specific nonsteroidal anti-inflammatory drugs (Quantitative Reasoning: Analysis of 

Quantitative Arguments). Students then use data from a published report to calculate the rate of 

adverse cardiovascular side effects reported with Vioxx (and re-calculate the rates after adding 

data that was intentionally withheld) (Quantitative Reasoning: Application of Quantitative 

Models). They also use published data to evaluate the balance between the reduction in 

gastrointestinal side effects with the increase in adverse cardiovascular events (Quantitative 

Reasoning: Analysis of Quantitative Arguments). Finally, students use published data on 

another drug (in the same class of Vioxx) to make a recommendation regarding whether or not it 

should lose its FDA approval (Critical Thinking: Reasoning/Conclusion).  

 

Students complete a pre-class assignment prior to the activity (attached). They then 

collaboratively work through the activity, presented as a PowerPoint slide presentation 

(attached), and answer questions on a worksheet (attached).  

 

  



Biol 211G, First In-Class Activity: Science and Big Pharma 

Prep Assignment 
 

In our first activity, we will explore the history of a blockbuster drug that was 

developed to avoid some of the side effects of many arthritis pain relievers, and 

evaluate data from clinical trials that tested this drug. 

 

Please read the following information about clinical trials at the National Cancer 

Institute: 

http://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials 

Be sure to read these pages (all can be accessed on the left-hand navigation 

bar from the link above) 

What are clinical trials? 

Phases of clinical trials 

Randomization 

Placebo 

 

While this information is about cancer trials, the general principles apply to any 

clinical trial. As you read, answer the following questions and then bring your 

answers to class on the day of the activity (you will need to refer to them during 

the activity). Note, you won’t need to hand them in, so you can have them 

answered as a file on a laptop or tablet, or scribbled on the back of a napkin. 

But please have them with you to refer to. 

 

1. What is the purpose of a Phase 1 trial? How many subjects typically 

participate in a Phase I trial? 

 

 

 

2. What is the purpose of a Phase 2 trial? How many subjects typically 

participate in a Phase II trial? 

 

 

 

 

3. What is the purpose of a Phase 3 trial? How many subjects typically 

participate in a Phase 3 trial? 

 

 

 

4. Which type of trial (Phase 1, 2 or 3) is most similar to a controlled laboratory 

experiment? Explain your answer. 

http://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials
http://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials
http://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials/phases
http://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials/randomization
http://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials/placebo


 

 

 

 

5. What is a placebo? (Is a placebo ever used instead of a standard or 

necessary treatment? Which group receives the placebo?)  

 

 

 

 

 

6. How could you set up a phase 3 trial to test a new drug to manage 

osteoarthritis pain? Consider how many groups you would have, the 

characteristics of the trial participants, how you would assign participants to 

groups, whether or not you would use a placebo, blinding as well as your 

independent and dependent variables.  

 

 

 

 

 

 

 

 

 

 

 

 

Terms to be familiar with (which you should be, if you answered all the questions 

above): 

Phase 1 

Phase 2 

Phase 3 

Randomization 

Placebo 

Double blinded 

Control group 

Investigational/experimental group 

 

  

Commented [A1]: Critical Thinking: Problem Setting 
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Activity 1
Science and Big Pharma

Start by discussing your prep with your neighbors

David Jordan, CC BY-SA 3.0

What is the purpose of a Phase 2 trial?

•A. to assess safety (of a new drug)
• B.  to compare a new drug to a standard 
treatment
•C. to test efficacy (does a new drug work?) 

Which group receives a placebo?

•A. the experimental group
• B. the control group
•C. both groups
•D. neither group

What is double-blinding?

•A. when both the participants and researchers 
wear blindfolds
• B. when the participants don’t know which 
treatment they are receiving
•C. when neither the participants nor the 
researchers know which treatment is being 
administered
•D. when the placebo is administered to the 
experimental group

What is the purpose of double-
blinding?
•A. to obscure the results
• B. to remove bias
•C. to increase the sample size
•D. to make a non-significant result significant

In a phase 3 trial, which group 
receives standard therapy?
•A. the control group
• B. the experimental group
•C. both groups
•D. neither group
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Arthritis Pain Management

•NSAIDs
• Non-steroidal anti-inflammatory drugs

Inhibit COX Enzymes

•COX enzymes
• Catalyze production of prostaglandins
• Lipids
• Act as hormones (send signals)

•COX-2
• Induced at sites of inflammation
•àProstaglandins that lead to pain

• So if INHIBIT COX-2
• A. less pain
• B. more pain

By N EU R O tike r - O w n  w o rk, Pu b lic  D o m a in , 
h ttp s://c o m m o n s.w ik im e d ia .o rg /w /in d e x.p h p ?c u rid =1972093

Inhibit COX Enzymes

•COX-1
• Always active
•àProstaglandins that protect GI lining

• So if INHIBIT COX-1
• A. GI protection (e.g. from acids)
• B. GI damage and bleeding

Non-specific NSAIDs

• E.g. ibuprofen (Advil), naproxyn (Aleve)
• Inhibit BOTH COX-1 and COX-2
• Predict and EXPLAIN side-effects
•How could you design a drug to reduce these side-
effects?
• [QUESTIONS 1 & 2]

Enter Vioxx, by Merck

•A COX-2 inhibitor
• Small trials
• Effective
• Fewer GI side-effects

• FDA approval in May 1998 

Vioxx becomes a blockbuster

•At least $1,000,000,000 annual sales
•Millions of prescriptions
•VIGOR study published November 2000
• In NEJM
• Over 8000 participants with rheumatoid arthritis
• Randomized to Vioxx (50 mg/daily) or naproxyn (500 

mg/2x daily) 
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VIGOR

•No difference in effectiveness
• Vioxx or naproxyn

VIGOR Question 3

0

1

2

3

4

5

0 1 2 3 4 5 6 7 8 9 10 11

Cu
m

ul
at

iv
e 

In
di

ce
nc

e 
(%

)

Months

GI Side-Effects

Vioxx naproxn

p<0.001

Data from Bombardier et al., 2000. NEJM 343:1520-1528.

Myocardial Infarctions (MIs)

• 0.1% of 4029 in naproxyn group
• 0.42% of 4047 in Vioxx group
• How many MIs in each group?
• If 20,000,000 Americans took Vioxx
• How many MIs?

• [Question 4a]

FDA meets with Merck Feb. 2001

•Concern re myocardial infarctions
• Internal company documents: 20 MIs in Vioxx group
• Intentionally withheld in publication
• How does this change the MI% in Vioxx group?
• How does this change the # of MIs in US?
• [Question 4b]

FDA

• Says physicians must be told about the VIGOR 
cardiovascular results

MERCK

• Prohibits sales reps from discussing VIGOR
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NEJM- more investigation

Vioxx (#) Naproxen 
(#)

Difference
(Vioxx-naproxyn)

Complicated 
GI Events

16 37

Serious 
Thrombo-
embolic Events

47 20

Question 5 APPROVe study

•NSAIDs and colon polyp prevention
•Vioxx (25 mg daily) vs placebo
• Randomized, dbl-blind

APPROVe: Thromboembolic Events
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p=0.008

Data from Bresalier et al. 2005. NEJM 352:1092-1102

Quantitative Reasoning: 
Representation of 
Quantitative Information https://www.forbes.com/2004/09/30/cx_mh_0930merck.html#569e9ccd53fb

Other COX-2 Inhibitors

• Bextra
• Withdrawn by Pfizer in 2005

•Celebrex
• FDA permitted
• But required additional studies

Celebrex

• Colon polyp trial 
• Celebrex vs placebo
• 200 mg 2X/day
• 400 mg 2X/day
• placebo

• 2035 participants

• Cardiovascular safety
• 24,081 participants
• Celebrex 200 mg/day
• ibuprofen
• naproxen
• 68.8% of participants 

dropped out
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Outcomes

Placebo Celebrex 
200mg/2X

Celebrex 
400 mg/2X

Cardio 1% 2.3% 3.4%

Celebrex 
200 mg

Ibuprofen Naproxyn

Cardio 2.3% 2.7% 2.5%
GI 1.1% 1.6% 1.5%

Polyp Trial (2005)

Large Safety Trial (2016)

Question 6



Biol 211G, Activity 1  NAME and SECTION: 

________________________________ 

 

1. What is a problem with non-specific NSAIDs? Be specific about the problem, 

and the underlying basis for the problem. 

 

 

 

 

 

2. How could you design a drug to minimize the problems with NSAIDs? 

 

 

 

 

 

 

3. In the graph shown 

a. what is the independent variable?  

 

 

b. what is the dependent variable?  

 

 

c. what can you conclude about Vioxx and gastrointestinal side-effects? 

 

 

 

 

4. a. # of myocardial infarctions in the naproxyn group: 

 

# of myocardial infarctions in the Vioxx group: 

 

# of myocardial infarctions in 20,000,000 Americans taking Vioxx: 

 

4. b. New % myocardial infarctions in Vioxx group (n= 4047):  

 

New # of myocardial Infarctions in 20,000,000 Americans taking Vioxx: 

 

 

5. a. What is the Vioxx-naproxyn difference in complicated GI events? 

 

 

b. What is the Vioxx-naproxyn difference in thromboembolic events? 

Commented [A2]: Critical Thinking: Problem Setting 

Commented [A3]: Quantitative Reasoning: 
Representation of Quantitative Information 

Commented [A4]: Quantitative Reasoning: Application of 
Quantitative Methods 

Commented [A5]: Quantitative Reasoning: Application of 
Quantitative Methods 



 

 

 

c. What are the implications of the numbers of gastrointestinal vs 

thromboembolic events? 

(i.e. consider the balance of reducing gastrointestinal events vs increasing 

cardiovascular events) 

 

 

 

 

6. a. What do the data from the polyp trial suggest about Celebrex and 

cardiovascular events? 

 

 

 

 

 

b. What do the data from the large safety trial suggest about Celebrex and 

cardiovascular events?  

 

 

 

 

c. What do the data from the large safety trial suggest about Celebrex and GI 

events?  

 

 

 

 

d. Were the same dosages of Celebrex used in each trial? If not, which trial used 

the higher dosages? 

 

 

 

 

 

e. If you were on the FDA Arthritis Drug Advisory Committee, what would be your 

recommendation about allowing vs. withdrawing Celebrex? Provide a brief 

explanation of your recommendation. 

 

 

 

 

Commented [A6]: Critical Thinking: 
Reasoning/Conclusion; Evidence Evaluation 

Commented [A7]: Critical Thinking: 
Reasoning/Conclusion 
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