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New Mexico General Education Curriculum Course Certification Form

A. Institution and Course Information
Name of Institution New Mexico State University 
Department Physics 
Course Number, Title, Credits PHYS 221G and 221GL, General Physics for Life Sciences I and 

General Physics for Life Sciences I Laboratory, 4cr 
Co-requisite Course Number and Title, if any 
Is this application for your system (ENMU, 
NMSU, & UNM)? 

NMSU 

Name and Title of Contact Person Michaela Burkardt, College Professor, Physics 
Email and Phone Number of Contact Person miburkar@nmsu.edu, 575-646-1933 

Was this course previously part of the general education curriculum? 
☒ Yes ☐ No

This course will fulfill general education requirements for (check all that apply): 
☒ AA/AS/BA/BS ☐ AAS

B. Content Area and Essential Skills
To which content area should this course be added? Indicate “Other” if the course is not associated with one of the six 
NM General Education content areas. 

☐ Communications ☐ Mathematics ☒ Science ☐ Social & Behavioral Sciences
☐ Humanities ☐ Creative & Fine Arts ☐ Other

Which essential skills will be addressed? 
☐ Communication ☒ Critical Thinking ☐ Information & Digital Literacy

☒ Quantitative Reasoning ☒ Personal & Social Responsibility

C. Learning Outcomes
This course follows the CCNS SLOs for 

PHYS 2230 and 2230L, General Physics for Life Sciences I and Laboratory to General Physics for Life Sciences I 

List all learning outcomes that are shared between course sections at your institution. 
Common Course Student Learning Outcomes (find Common Course SLOs at: 
http://www.hed.state.nm.us/programs/request-a-change-to-the-nmccns.aspx) 

Student Learning Outcomes 

mailto:miburkar@nmsu.edu
http://www.hed.state.nm.us/programs/request-a-change-to-the-nmccns.aspx


Students will: 
1. Describe the process of scientific inquiry
2. Solve problems scientifically.
3. Communicate scientific information.
4. Apply quantitative analysis to scientific problems.

Note: This course is unique to NMSU Las Cruces campus. The above SLOs reflect previous General Education 
outcomes and are in the process of being changed. The SLOs listed under Institution-specific SLOs reflect those 
upcoming changes and align with the SLOs of the next course in the sequence: “PHYS 2240 and 2240L, General Physics 
for Life Sciences II and Laboratory to General Physics for Life Sciences II”. 

Institution-specific Student Learning Outcomes 
Main Course: 
1. Modeling:

a. analyze real world phenomena by deciding what information is relevant and constructing simplified idealized
models and appropriate mathematical reasoning to make predictions or explain a phenomena or function.

b. use multiple representations to build, interpret and communicate the model, including visual representations
such as sketches or diagrams, mathematical expressions, graphs, or text.

c. critique assumptions and determine how to test the validity of a model and use comparison of experimental
data and prediction to refine the model.

2. Conceptual understanding:
a. describe the motion of any object in terms of displacement, velocity, and acceleration.
b. analyze external forces acting on an object and determine if a system is in equilibrium or relate the net force

to changes in motion.
c. predict or analyze motion using conservation laws for energy and momentum.
d. analyze forces and torques for a rigid object in static equilibrium.
e. for a static fluid determine pressure and the buoyant force.
f. apply idealized models of fluid flow to the circulatory system.
g. describe the properties of pressure waves known as “sound”, apply the model of standing waves to musical

instruments and discuss how sound is used to sense the environment.
h. predict qualitative changes in the internal energy of a thermodynamic system when energy has been

transferred due to work or heat and justify those predictions using conservation of energy (First law of
thermodynamics). Identify which heat transfer processes occur in a described situation.

3. Quantitative reasoning:
a. use a physics problem solving strategy: i. Identify relevant concepts. ii. Introduce and study simplified models.

iii. Use symmetry arguments. iv. Establish the relation between known and unknown quantities. v. Calculate a
quantitative result using appropriate mathematical methods. vi. Self-check reasonableness of assumptions
and solutions.

b. use scientific notation accurately and convert units if necessary.
4. Communicating scientific information:

a. interpret or generate graphs or other visual representations and be able to switch between various
representations including text, mathematical description, or diagrams.

Laboratory: 
1. test scientific questions or ideas using appropriate laboratory equipment.
2. collect experimental data and evaluate the outcomes of an experiment qualitatively and quantitatively.
3. estimate measurement uncertainty.
4. apply appropriate methods of analysis to raw data, including graphical or statistical methods, and computer-based

tools.
5. draw appropriate conclusions from quantitative scientific data.
6. communicate the process and the outcomes of an experiment and reflect on possible revisions in the procedure.



7. work effectively as part of a team.
8. demonstrate professional responsibility.

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/A 

Critical Thinking. Problem Setting; Evidence Acquisition; Evidence Evaluation; and Reasoning/Conclusion 
To develop critical thinking skills in this course, students will 

1. identify and gather relevant information from text problems, inquiry-based demonstrations or from experiments
performed in the laboratory and differentiate relevant from irrelevant information.
2. decide which physical principle applies to a given situation and divide a complex problem into several simpler
steps, which can be modeled mathematically.
3. make predictions before conducting experiments that investigate physical concepts.
4. determine which relevant physical data, not given in a problem statement, (such as mass and radius of the earth
versus the moon, density of water, speed of sound in air) need to be looked up before a conclusion can be reached.
5. analyze and critique arguments presented by others. For example, students will respond to multiple choice
concept questions, defending their line of argument or persuading others that their thinking has flaws.
6. draw conclusions from their observations of demonstrations or experiments, apply their knowledge of physics to
explain the observation and are encouraged to suggest modifications in the experimental setup to gain further
information.

These skills will be fostered by modeling problem solving during class, asking concept questions (using clickers), and 
assigning homework problems. The mastery of these skills will be assessed in quizzes and exams, which also provide 
feedback to the student. 

Quantitative Reasoning. Communication/Representation of Quantitative Information; Analysis of Quantitative 
Arguments; and Application of Quantitative Models  
To develop quantitative reasoning skills in this course, students will 
1. practice correct terminology during online readiness assurance tests, in classroom discussions and in laboratory
assignments.
2. document their problem steps in logical sequence and report quantitative results with proper units.
3. interpret or generate graphs or other visual representations and switch between various representations including
text, mathematical description, or diagrams.
4. In the laboratory portion of the course, students will communicate measurement data using appropriate diagrams,
graphs or tables, that lead to data analysis or display experimental outcomes.
5. reflect on the reasonability of quantitative results by checking limiting cases or comparison with known accepted
values.
6. critique assumptions and determine how to test the validity of a model and use comparison of experimental data
and prediction to refine the model.
7. analyze real world phenomena by applying models that allow making quantitative predictions for physical



processes and comparing model outcomes to experimental observations. 
8. use multiple representations to build, interpret and communicate a quantitative model, including visual
representations such as sketches or diagrams, mathematical expressions, graphs, or text.
9. discuss in laboratory assignments how calculated results based on their measurement data compare to accepted
values, and evaluate if discrepancies are due to uncertainty in the measurements or point to the need of a refined
model.
10. study simple models to gain insight in the function of more complex systems like the human body or scientific
equipment.

Personal & Social Responsibility. Intercultural 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  
To develop personal & social responsibility in this course, students will 
1. engage during classes in peer learning and collaborative problem solving in small ad hoc teams, which elicit
alternative perspectives or varied approaches to solutions. (Collaboration skills, teamwork and value system)
2. function as members of a team when conducting laboratory experiments. Membership in these teams is either
assigned or randomized to initiate interactions with students that may not be part of the student’s current cultural
and social network. (Collaboration skills, teamwork and value system)
3. apply their knowledge of motion, stopping distance, reaction time based on number of activities that compete for
attention, momentum and forces in car crashes to engage in a discourse or discussion about the benefits or
challenges of autonomous automobiles. Students will discuss implications of autonomous vehicles on traffic safety,
but also on time “freed” of driving in commute or possibilities of vehicle sharing. Students will support arguments
with order of magnitude estimations. Students will determine how settings of autonomous vehicles should depend on
environmental conditions (road condition based on weather, distance to preceding car based on speed, curvature of
road turns, friction between tire and road). (Civic discourse, civic knowledge and engagement)

Information & Digital Literacy. Authority and Value of Information; Digital Literacy; Information Structure; and 
Research as Inquiry 
N/A 

E. Supporting Documents
☐ Sample Course Rubric Attached (recommended) ☒ 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 Click here to enter text. 

This course meets institutional standards for general education. 

_____________________________________________ _____________________________ 
Signature of Chief Academic Officer Date 



HED Internal Use Only 

Presented to NMCC on ______________________________ 
Date 

☐Approved ☐Denied   

If denied, rationale: 

 

Institution Notified on _________________________________ 
   Date 

 

 



This sample assignment is given after the following mechanics concepts have been discussed 
in the course: 

• describing motion using displacement, velocity and acceleration (using equations of 
kinematics, motion graphs)  

• Newton’s laws, describing forces acting and how the net force changes motion; including 
situations where the net force is centripetal 

• work as form of energy transfer, friction as force that dissipates energy  
 
Students will have practiced using multiple representations (sentences, mathematical equations, 
graphs, sketches, free-body diagrams) in various real-life scenarios. During class, students 
have been participants in guided estimation and order of magnitude calculations. 
 
The assignment highlights how simple models in physics can enrich current discussion of the 
use of technology that may have profound implications for the mobility of our and future 
generations. The topic of self-driving cars has relevance as it touches the everyday life of the 
students. The case offers opportunity for applying critical thinking and quantitative reasoning 
skills, but the implications of self-driving cars touch on many more aspects in society and offers 
opportunity for discourse. In the assignment the focus is on traffic safety (as this allows for 
application of the physics principles the students just learned), but also on the broader 
discussion of control by artificial intelligence versus a human driver, and the opportunities and 
limitations of machine learning. 
 
The expectation is that the students learn to argue as scientifically literate citizens using 
evidence and quantitative analysis rather than just voicing unsupported opinions. 
 
The following essential skills are assessed: 

1. Quantitative reasoning:  
 Application of quantitative models: 

Students apply simplified models to make quantitative predictions. Students are 
asked to make assumptions so they can make estimations. 

 Analysis of quantitative arguments: 
Students recommend safety settings or limits based on their model calculations. 

 Communication/representation of quantitative information: 
Student teams will share their results and arguments in report form. 

2. Critical thinking 
 Problem setting 

Given a general case, students need to carefully define their model system and 
define its parameters. For example in “trailing distance” students need to evaluate if 
their recommendation is depending on the type of vehicle and consider their “risk 
tolerance” or the level of distraction of the driver. 

 Evidence acquisition and evidence evaluation 
Students need to gather physical data such as friction coefficients, acceleration of 
their vehicle, reaction time and determine the relevance of these parameters to their 
model. 

 Reasoning/Conclusion: 
The assignment questions require a specific recommendation or decision that is 
supported by scientific arguments. 

3. Personal and social responsibility 
 Civic discourse, civic knowledge and engagement – local and global: 

In “safe trailing distance” student discuss how they prioritize possibly added safety 
with privacy concerns or human control versus artificial intelligence. In “convenience” 



students need to evaluate the value of added free time for personal or professional 
use.  

 (Collaboration skills, teamwork and value systems)  
The assignment is a group project. Assessing other team members on team work 
skills is an option. 

 
 

  



Physics 221G                                   
SHOULD SELF-DRIVING CARS TAKE CONTROL? 
 
In recent years there have been big leaps in the development of autonomous (self-driving) 
vehicles and major car manufacturers expect that they will have developed fully-autonomous 
vehicles as soon as 2019-2021.  
Researchers distinguish different levels of autonomy: 

• Level 0: All major systems are controlled by humans 

• Level 1: Certain systems, such as cruise control or automatic braking, may be controlled 
by the car, one at a time. 

• Level 2: The car offers at least two simultaneous automated functions, like acceleration 
and steering, but requires humans for safe operation. 

• Level 3: The car can manage all safety-critical functions under certain conditions, but 
the driver is expected to take over when alerted. 

• Level 4: The car is fully-autonomous in some driving scenarios, though not all. 

• Level 5: The car is completely capable of self-driving in every situation. 
 
Given some scenarios, you are asked to evaluate with your team, what input is required to 
determine safe driving conditions, make calculations or estimations for recommended settings 
and discuss if or when it is safer to let the car drive itself or give the human driver the control. 
 
1. Safe trailing distance 

 
Your car is equipped with a sensor that allows to sense the distance between the front of your 
car and the rear of the vehicle in front of you.  It could automatically reduce driving speed if your 
car gets too close. What is a sensible safe trailing distance?  
Some questions to consider and address: 

• What are expected reaction times? 
How does reaction time depend on the personal condition of the driver (fatigue, 
sleepiness, DWI, distracting emotions) or distracting activities? 

• Some cars with self-driving features use a camera to monitor the state of the driver. 
Would you suggest that the car takes over if it senses the driver is distracted (e.g not 
looking into the camera, but texting on a cell phone instead)? Should the driver have a 
chance to decide if the car takes control? Is the added safety “worth” the privacy 
concern? 

• How much distance does your car need to slow down or stop?  
What data about your car, your current speed or the road condition would you need? 

• Calculate the distance your car needs to reduce its speed from 40 mi/h to 20 mi/h on a 
dry day with good driving conditions. 

• Calculate the distance your car needs to reduce its speed from 75 mi/h to 50 mi/h on a 
dry day with good driving conditions. 



 
2. Making Turns 

 
Your car is equipped with a sensor that allows determining the curvature of a road turn. Based 
on this input how fast should the car be during the turn? 
Determine a mathematical expression that calculates a safe speed depending on the radius of a 
flat turn and other physical quantities you decide are relevant. 
Make two sample calculations: One for a car driving in dry weather and one when the road is 
wet, but all other conditions are the same. Look up or estimate any data you need. 
 
Some questions to consider and address: 

• Does the type of car (e.g its mass) affect your speed recommendation? 
 
 
3. Unexperienced Situations 

 
For a Level 3 autonomous vehicle, the car can manage all safety-critical functions under certain 
conditions, but the driver is expected to take over when alerted. The problem with autonomous 
cars is that they have “learned” to handle everyday tasks but do not respond well if the situation 
is new and unexperienced. 
Describe an illustrative example of a traffic situation in which a self-driving car could be mislead 
and take “autonomous action” that is potentially dangerous. 
 
4.  Convenience 
 
Estimate how many hours in a year you spent in the car driving. This should be an order of 
magnitude estimation like in a Fermi question.  
Consider how convenient it would be if this time is free for other uses, such as productivity or 
leisure. How much would this additional time be worth? 
When you make assumptions state on which information you based it on. 
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