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SCIENTIFIC INQUIRY
This proposal form is intended for departments proposing a course for inclusion in the Northern Michigan University General Education Program.  Courses in a component satisfy both the Critical Thinking and the component learning outcomes. Departments should complete this form and submit it electronically through the General Education SHARE site.
Course Name and Number:  Introduction to Organic and BiochemistryGeneral Chemistry I, CH 10911
Home Department:  Chemistry
Department Chair Name and Contact Information (phone, email):  Mark Paulsen (ext 1064, mpaulsen@nmu.edu)
Expected frequency of Offering of the course (e.g. every semester, every fall): every semester
Official Course Status: Has this course been approved by CUP and Senate?  	YES		
Courses that have not yet been approved by CUP must be submitted to CUP prior to review by GEC. Note that GEC is able to review courses that are in the process of approval; however, inclusion in the General Education Program is dependent upon Senate and Academic Affairs approval of the course into the overall curriculum.
Overview of course (please attach a current syllabus as well): Please limit the overview to two pages (not including the syllabus) 
A. Overview of the course content
	The Catalog describes CH 109 as an “An introduction to the different classes of organic molecules and their reactions which are applicable to biochemistry. Basic biochemical concepts including acid/base chemistry, structure and function of biomolecules and metabolic pathways which are involved in producing energy.” TThis course covers, at an introductory level, quantum theory, atomic structure, ionic bonds and compounds, molecular bonding and structure, and chemical reactivity.  Students learn about the structure and bonding of ionic and covalent compounds and learn to perform calculations relating to quantities of reagents used and/or products formed, energy changes for chemical reactions, and pressure, volume, temperature, and mole relationships of gases.  The laboratory portion of the course is designed to rei-enforces the concepts taught in lecture in addition to providing practice with mathematical concepts such as plotting data, using calibration curves, and reaction ratesand to teach students laboratory skills.  The course consists of 3 hours of lecture and a 2 hour laboratory period3 hours of lecture, 3 hours of lab , and 1 hour of discussion eachper week.
B. Explain why this course satisfies the Component specified and significantly addresses both learning outcomes 
Critical Thinking Outcome
	Due to the large numbers of students in CH111 (~300 in Fall 2015), the final exam will be used to assess if students have achieved competency in the critical thinking dimensions.  Although students think critically in each component of the course, the final exam is geared primarily toward lecture material and therefore, only examples of critical thinking in the lecture portion of the course are given as examples below.
Evaluate
	ThroughoutDuring the lecture portion of the course the students arewill be presented material in manner that requires them to evaluate information.  One example involves understanding the reactivity of carbonyl groups of biologically relevant molecules.  Students are presented with typical reactions of carboxylic acids and amides and then learn to predict the reaction outcomes of similar molecules. Also, many concepts are presented in a fundamental manner and students are asked to extrapolate how these same concepts are affected by the environment of the human body, which has a specific temperature and pH range.   and have problem solving modeled for them.  During this modeling process the instructor will demonstrate the process of evaluation.  Most commonly this would be asking the question after arriving at an answer to a problem, does this answer make sense?  In the laboratory students should constantly be asking themselves as they proceed through the lab, does this result or measurement make sense.  In the discussion sections students are typically solving problems and again should always be asking does this solution/answer make sense.  A simple example of an evaluation question from an exam would be to give a student a listing of elements and ask which these elements can undergo valence shell expansion.  The student would need to know that only elements with available d-orbitals can undergo valence shell expansion and then evaluate the possibilities for such elements.  

Integrate
	CIntegration (the connecting conceptsof more than one principle or concept) is a regular feature of lecture modeled in lecture on a regular basis and evaluated assignments.  For example, after learning about the acidity of carboxylic acids and the basicity of amines, students are asked to integrate both characteristics when dealing with amino acids, which are subunits of proteins and contain both acid and base components.  The students also have to evaluate how the body pH will affect the nature of the biological molecule.  All of this requires not only a basic understanding of the functional group qualities of biological molecules, but how they behave chemically when next to each other in the same molecule at a specific pH. 
.  
An example of an exam question which requires the students to integrate material is asking them which hydrogen atom in acetic acid behaves as an acid.  The students should recognize that there are two different types of hydrogen atoms in acetic acid, and then using the concept of electronegativity determine which hydrogen atom possesses a slight positive charge and hence which hydrogen is the acidic hydrogen atom.
Evidence
	Students in CH 10911 assess the quality of information primarily throughthrough interactive lecture along with the solution of problems on homework and , quizzes and exams.  During the problem solving process the process of solving these problems, students will be faced with choices which could include which concepts to apply and which pieces of information are required.  After solving the problems the students should ask does the answer make sense.  In a simple example of how students might assess information, they might be asked to calculate the yield of a product formed during a reaction.  They might be given information about the quantities of each reactant and the quantity of solvent.  They should evaluate this information and come to the conclusion that only the quantity of the limiting reagent is important and it is this quantity which should be utilized in the determination of the yield of the product.   
Scientific Inquiry Outcome
	SThe lab portion of the course is the primary area where scientific inquiry is modeled through the lecture component of the course via interactive lectures, homework assignments and in-class examinations as well as in the laboratory.d, this constitutes a major portion of the course at about 20%.  Due to the large number of students in CH111 (~300 in Fall 2015) we will not try to analyze individual lab reports to assess whether or not students have achieved competency in scientific inquiry, instead, we will develop several electronic assignments (via educat) to assess if students have achieved these competencies.
Discussion/Conclusions

	For most laboratory experiments students collect data, analyze it via a graph, table, or calculation, and then at the end are asked to draw some conclusions based upon this data.  For example, in a lab titled "CO2 capture" students use the gas laws to evaluate how effective two compounds (monoethanolamine and lithium hydroxide) are at "capturing" carbon dioxide.  They use their collected data to draw conclusions as to which compound is the best at "capturing" carbon dioxideSee the Research Question section below for examples.

Analysis, Results, and Presentation:

In two laboratories students prepare or use a calibration curve.  They explore why a calibration curve is needed, how to collect the data, plot it using Excel, and then obtain and use a best-fit line to determine an unknown quantity.  Production of good plots (titles, axis labels, and recognizing outliers) is emphasized.  Another exercise requires students to practice statistical analysis of data and decide whether any numerical values are true “outliers” and should be discarded.  The last laboratory exercise has the students think about forensic DNA analysis and what the current state of DNA technology consists of after reading through several examples of creative and unique uses of DNA profiling.  The students orally go through several examples and as a class discuss the pros and cons of such technology.	Students are expected to analyze the data using techniques learned in lecture.  The analysis and results are summarized in the lab report.  For example, in the "CO2 capture" lab, students will use their pressure measurements and the ideal gas law to determine how many moles of carbon dioxide are "captured" by known quantities of monoethanolamine and lithium hydroxide.  Students show their calculations (analysis) in the lab report and present their results in their discussion.





Methodology/Data Collection:

Students don’t routinely develop their own methodology but they do have to figure out how to manage time, and how to physically manipulate equipment in a safe and effective manner.  This requires quite a bit of thinking of how to best collect data for analysis. One lab involves a multi-step serial dilution that is complex enough that it forces students to pay attention and organize the set-up and steps well in advance of any pipetting.
	In all but one of our labs students do not develop their own methodology, but rather are using a preselected, known methodology to solve a problem or answer a question.  It is one of the goals of the course to train students in different chemical techniques (methods) of measurement and analysis which will be useful to them in subsequent chemistry courses.  Therefore, we would say we model the methodology dimension.  However, in that one lab students are given filter paper, a funnel, a hot plate, some beakers, some watch glasses, water, acetone, some tweezers, a magnet, and some spatulas and asked to develop their own method for separating a mixture of sand, pebbles, copper, sodium choride, iron, and benzoic acid.

Research Question:

The short laboratory periods allow only rudimentary research questions to be addressed.  In one exercise students measure the amount of acetaminophen in an “unknown” sample, and after achieving the results are asked to speculate on whether the subject would have been poisoned by consuming the amount that was calculated.  Although the instructors know the “unknown” concentration the students don’t, so this experiment simulates research as much as possible in a two-hour lab period. In another experiment, students calculate the amount of Calories contained in a specific type of nut through thermochemistry, and then must decide, when the data do not match the vendor’s label, if the experiment has a technical flaw or if the manufacturer is under-estimating the caloric value.  This type of analysis is similar to research that might be done as a quality control analyst in the food industry. 



	In none of our labs are students developing a research question, instead students are presented with a purpose for the lab (research question).  For example in a lab in which students determine the empirical formula of two compounds, one of the research questions is posed as follows.  In Part 1 of the experiment this week, you will study the reaction of a metal with oxygen (the O2 in the air) to form a metal oxide.  Rust is a metal oxide that you are familiar with—it has the formula of Fe2O3.  Metal oxides contain metal and oxygen atoms.  We will make a metal oxide in the laboratory today and try to determine its formula.  Perhaps it is MO, or M2O, or M2O3, or any other combination that you can imagine.  Therefore, we would say we model the research question dimension.
C. Describe the target audience (level, student groups, etc.) 
The majority of the students in CH 109 are pre-nursing students as successful completion of this course is a prerequisite for the nursing program. Most of the students are in either their first or second year of college. 	The target audience for CH 111 is first year science majors.
D. Give information on other roles this course may serve (e.g. University Requirement, required for a major(s), etc.) 
See C.


	The primary role of CH 111 is to provide students the basic chemical knowledge and laboratory skills they will need to move onto other science courses, including higher level chemistry courses.  It also serves as a course to fulfill the University lab graduation requirement.
E. Provide any other information that may be relevant to the review of the course by GEC
	Not applicable.







PLAN FOR LEARNING OUTCOMES
CRITICAL THINKING
Attainment of the CRITICAL THINKING Learning Outcome is required for courses in this component.  There are several dimensions to this learning outcome. Please complete the following Plan for Assessment with information regarding course assignments (type, frequency, importance) that will be used by the department to assess the attainment of students in each of the dimensions of the learning outcome. Type refers to the types of assignments used for assessment such as written work, presentations, etc. Frequency refers to the number of assignments included such as a single paper or multiple papers. Importance refers to the relative emphasis or weight of the assignment to the entire course. For each dimension, please specify the expected success rate for students completing the course that meet the proficiency level and explain your reasoning. Please refer to the Critical Thinking Rubric for more information on student performance/proficiency in this area. Note that courses are expected to meaningfully address all dimensions of the learning outcome.
	DIMENSION
	WHAT IS BEING ASSESSED
	PLAN FOR ASSESSMENT

	Evidence
	Assesses quality of information that may be integrated into an argument
	Type: Homework and examsFinal exam.
Relation to Dimension: On certain problems on the final exam, students will Students decide what informationmust use information correctly to use to solve the problems..
Success Rate: We expect ~7060% of our students will get these evidence questions correct.

	Integrate
	Integrates insight and or reasoning with existing understanding to reach informed conclusions and/or understanding
	Type: Final exam.Homework and exams.
Relation to Dimension: On certain problems on the final exam, Sstudents will combine skills and knowledge learned from solving problems in lecture and discussion to solveing new problems using the same chemical principles.
Success Rate: We expect ~760% of our students will get these integration questions correct.

	Evaluate
	Evaluates information, ideas, and activities according to established principles and guidelines
	Type: Final exam.Homework and exams.
Relation to Dimension: On many problems on the final exam, Sstudents will have to evaluate the problem and determine which chemical principles and problem solving methods should be applied.
Success Rate: We expect ~7065% of our students will get these evaluation questions correct.










PLAN FOR LEARNING OUTCOMES
SCIENTIFIC INQUIRY
Attainment of the SCIENTIFIC INQUIRY Learning Outcome is required for courses in this component.  There are several dimensions to this learning outcome. Please complete the following Plan for Assessment with information regarding course assignments (type, frequency, importance) that will be used by the department to assess the attainment of students in each of the dimensions of the learning outcome. Type refers to the types of assignments used for assessment such as written work, presentations, etc. Frequency refers to the number of assignments included such as a single paper or multiple papers. Importance refers to the relative emphasis or weight of the assignment to the entire course. For each dimension, please specify the expected success rate for students completing the course that meet the proficiency level and explain your reasoning. Please refer to the Rubric for more information on student performance/proficiency in this learning outcome. Note that courses are expected to meaningfully address all dimensions of the learning outcome.
	DIMENSION
	WHAT IS BEING ASSESSED
	PLAN FOR ASSESSMENT

	Research Question
	Develop a manageable and appropriate research question that is tied to testable hypotheses.

	Type:  Several laboratory assignments that are somewhat open ended. Several electronic assignments administered at various times throughout the semester.
Relation to Dimension:  In tThese laboratory assignments students will be given a system, perhaps will consist of a scenario or case study  a few paragraphs describing an environmental situation, an analysis which must be completed, or some other case study which they 
students must evaluate using learned chemistry concepts developed in class.  Students will be provided with asked to choose from a scenario, and a procedure to use for data collection, and then list of questions, those which are appropriate for the described situation.evaluate what the data show and apply them to the scenario.  
Success Rate: We expect 5070% of our students will be able to reach this goal by the end of the semester.

	Methodology/Data Collection
	Select and/or develop appropriate scientific methodologies 
	Type:  Several laboratory assignments that are somewhat open ended. Several electronic assignments administered at various times throughout the semester.
Relation to Dimension:  In these assignments students will be given a system, perhaps a few paragraphs describing an environmental situation, an analysis which must be completed, or some other case study which they must evaluate using learned chemistry concepts.  Students will be asked to choose from a list of methods, those which are appropriate for the described situation.See above, the students will be responsible for choosing how to implement a proposed procedure.  The students will not have time in a two-hour laboratory period to fully develop original procedures, nor do we expect them to at the first year level. 
Success Rate: We expect 5705% of our students will be able to reach this goal by the end of the semester.

	Analysis, Results and Presentation
	Collected data is appropriately analyzed and presented

	Type:  Several laboratory assignments that are somewhat open ended. Several electronic assignments administered at various times throughout the semester.
Relation to Dimension:  These laboratory assignments will consist of a scenario or case study which students must evaluate using concepts developed in earlier lab exercises.  To formalize the presentation most lab exercises include reporting standard errors. 
In these assignments students will be given a system, perhaps a few paragraphs describing an environmental situation, an analysis which must be completed, or some other case study which they must evaluate using learned chemistry concepts.  Students will be given data within these case studies and be asked to analyze this data in a manner similar to that which was employed in the performed laboratories.
Success Rate: We expect 7605% of our students will be able to reach this goal by the end of the semester.

	Discussion/Conclusions
	Conclusions are linked to evidence and are in the context of scientific limitations and implications.

	Type:  Several laboratory assignments that are somewhat open ended. 
Several electronic assignments administered at various times throughout the semester.
Relation to Dimension:  In these assignments students will be given a system, perhaps a few paragraphs describing an environmental situation, an analysis which must be completed, or some other case study which they must evaluate using learned chemistry concepts.  These laboratory assignments will consist of a scenario or case study which students must evaluate using concepts developed in earlier lab exercises.  After data analysis is complete, students will determine whether logical conclusions can be reached, and what the % error implies.  Students will be given a variety of conclusions which were drawn from the provided data and be asked to choose which of these conclusions are appropriate.

Success Rate: We expect 7605% of our students will be able to reach this goal by the end of the semester.
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