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1) Identify class level, specify whether core, elective, or major requirement, any other pertinent information on class demographics.
The course that I have chosen to improve by implementing teaching strategies developed through BRIDGE is BIO-117 Principles of Biology:  Evolution, Diversity and Biology of Cells.  This lecture and lab-based course is the third in the introductory biology course series, and it is required for all Biology and Behavioral Neuroscience majors as well as students from the Chemistry Department who major in Biochemistry.  Most students who take this course are in their sophomore year.  In addition, students must have placed into Algebra and Trigonometry (MTH 105) before registering for BIO-117.  Students have normally either completed the two-semester General Chemistry series with lab (CHE 120, 121, 122, and 123), or are concurrently enrolled in that course.  The class size for the fall section is typically 45–50 students—much larger than the spring and summer sections.  Because majors must pass BIO-117 with a grade of C or better, the department offers BIO-117 at least three times per academic year (fall, spring and summer semesters).  This course is one of the more important in the Biology Department’s curriculum as many of the upper-level courses that majors will take require knowledge of the fundamentals of molecular and cellular biology.  Indeed, students who do not do well in Bio-117 often struggle in related upper-level biology courses including Genetics (BIO-265) and Developmental Biology (BIO-300). 

2) What problems or questions about my students’ learning and my teaching strategies did I address?

The faculty from the Biology Department who teach the BIO-117 course use the same text and cover the same topics.  We have all noticed that students tend to learn each topic in isolation rather than asking themselves, for example, how a topic covered in week 2 of the course relates to a topic covered in week 6 of the course. Based on performance on quizzes and exams that require retention of information previously presented in the course, it seems that students find it difficult to step back and “view the forest” after concentrating on individual “trees”.  The major problem addressed by my BRIDGE project has been to find a way to help students make connections from one topic to another throughout the course…to recognize that ultimately all of the topics covered are important in understanding the normal functioning of cells.  My goals, therefore, have been to 1) facilitate long-term retention of the course material and 2) to help students identify the connections among topics as the course progresses.

3) Did I rethink my course goals? 
Although BIO-117 has always been organized around two major “big ideas”—1) the Central Dogma of Molecular Biology, and 2) basic cellular metabolism—this year I attempted to restructure my lectures to more clearly anticipate potential problems and difficulties students may encounter in mastering these core concepts.  In addition, I introduced a new course instrument:  the weekly review sheet.  This is a two-sided sheet that I distributed to the class at the beginning of each week.  It lists important new terms, concepts, and people from the assigned readings and lectures; provides discussion and study questions for each day’s lecture; and gives students a few exam questions used on my past exams.  My intention is that students should keep the weekly review sheets together in their notebooks and use them to prepare for exams and quizzes.  In addition, these sheets should help students make connections in course material from one week to the next.  I have provided an example of a weekly review sheet at the end of this summary.
4) What methods did I use to gain information?
Of the classroom assessment techniques (CATs) listed in the Angelo and Cross text, I implemented a variation of the One-Sentence Summary (CAT 13, Ch. 7).  My variation of this technique asked students to write, in short-answer form, how a specific topic from a previous week related directly to a specific topic from the current week’s material (or vice versa).  In this way, students completed a written exercise that required that they synthesize information throughout the course.  Angelo and Cross refer to this goal in their Teaching Goals Inventory, Goal 5 (“develop ability to synthesize and integrate information and ideas”).  I refer to my variation of this CAT as the Short Answer Integration and Summary Question (SAISQ).
I first developed a basic SAISQ format that asked students to use information from previous lectures to answer a question about the current week’s topic.  Three examples are listed below: 
1. Several times during the semester we have discussed condensation reactions.  List TWO specific examples of condensation reactions that occur to form different cellular macromolecules.  In addition, name the specific type of bond that results from each specific condensation reaction that you list (do not simply write “covalent”…be SPECIFIC in your answer).

2. In class you have recently learned how glucose is broken down (oxidized) to form CO2, NADH, FADH2, and ultimately, ATP.  As the energy currency of the cell, ATP is necessary for many processes.  Use your knowledge from topics covered thus far in the course to describe at least TWO specific cellular processes dependent on ATP.

3. As you now know from lecture, there are several ways in which substances can move across the plasma membrane of a cell.  From previous topics that we have covered in the course, list at least TWO substances/molecules that move across the cell’s plasma membrane AND list the mechanism(s) by which these substances/molecules move across the membrane.

At the end of the fall semester, I introduced a variation on the basic SAISQ format shown above.  I wanted to determine if students could read a short abstract from a research paper and use their knowledge from different topics covered in the course to answer a few basic questions about the abstract.  My hunch was that those students who had successfully synthesized information up to that point in the semester would do well, while those students who simply attempted to master information for the next quiz or exam would have difficulties.  An example of this SAISQ variant follows.
The abstract below comes from this scientific paper:

Beatty, J.T., Overmann, J., Lince, M.T., Manske, A.K., Lang, A.S., Blankenship, R.E., Van Dover, C.L., Martinson, T.A., and Plumley, F.G. (2005). An obligately photosynthetic bacterial anaerobe from a deep-sea hydrothermal vent. Proc. Natl. Acad. Sci. USA 102:9306-9310.


[image: image1.png]The abundance of life on Earth is almost entirely due to biological
photosynthesis, which depends on light energy. The source of light
in natural habitats has heretofore been thought to be the sun, thus
restricting photosynthesis to solar photic environments on the
surface of the Earth. If photosynthesis could take place in geother-
mally illuminated environments, it would increase the diversity of
photosynthetic habitats both on Earth and on other worlds that
have been proposed to possibly harbor life. Green sulfur bacteria
are anaerobes that reqy it for growth by the oxidation of
sulfur compounds to reduce CO2 to organic carbon, and are capable
of photosynthetic growth at extremely low light intensities. We
describe the isolation and cultivation of a previously unknown
green sulfur bacterial species from a deep-sea hydrothermal
vent, where the only source of light is geothermal radiation that
includes wavelengths absorbed by photosynthetic pigments of
this organism.





5) What examples or evidence of student performance can I offer to illustrate how I 
drew conclusions? 

As the SAISQ was a new type of question on my quizzes/exams, I had no idea of what to expect in terms of student performance.  After having used the short answer integration and summary questions five times during the fall semester, the results have been mixed.  Some students (~10%) competently answered the questions, others (~45%) provided marginal answers, and the remainder (~45%) either did not understand the questions, or were clearly not mastering concepts well enough to “integrate” and “summarize”.  Perhaps this in part owes to my first attempt to write these types of questions (question design issues), or maybe students have not seen similar questions in their other courses (novel, unfamiliar question format).  Whatever the reason, it is clear that these questions were more challenging to the students than I had expected.  My expectation was that at least 25% of the class would earn full points on the SAISQs.  This suggests to me that students need more assistance/practice in making connections among the topics as the semester progresses.  
6) What theories or debates about learning frame or illuminate my inquiry.
Perhaps the most helpful and informative article considered in BRIDGE this year related to my inquiry was “How Experts Differ from Novices” featured in John Bransford’s, How People Learn.  The assertion that experts organize information into meaningful/familiar patterns while novices do not, directly relates to the inability of many BIO-117 students to immediately recognize connections from one topic to the next.  They have not yet generated familiar patterns of information given their limited knowledge in cell and molecular biology.  By confronting this problem with the weekly review sheets and the SAISQ, I have attempted to prompt students to form connections and thus recognize patterns and interrelatedness in the course content.  
7) What have I learned so far?
I have learned that it is difficult to foster thinking and engagement in BIO-117 such that students make connections from one topic to the next throughout the course, as opposed to learning each week’s topic as an isolated “chunk” of information.  One of the reasons for this is that the topics covered in this course are unfamiliar to most students, and they must learn a new vocabulary to understand the information.  In addition, because the course covers the cellular and molecular biology of cells, students will never “see” cells, proteins, nucleic acids, etc with their naked eyes.  Thus, they have no day-to-day experience with the “molecular world”.  Contrast this with a course that covers the biology of animals or plants (the “macro world”).  My hypothesis is that use of the weekly review sheets and the SAISQ in BIO-117 will help overcome these challenges.
8) Where will I go from here?
First, based on course evaluations at the end of the fall 2009 semester, students found the weekly review sheets helpful.  Many suggested that this instrument become a permanent feature of the course.  As a result, I will incorporate the weekly review sheet as a permanent part of my BIO-117 course.  In addition, I will provide example SAISQs on the review sheets as a way to further familiarize students with this type of question.  
Second, I plan to expand the use of the SAISQ such that at least one of these questions appears on each quiz and exam.  Students will expect to see these questions and will perhaps study in such a way that they make connections in the course content from week to week.
Finally, I am contemplating an assignment, perhaps online through Blackboard, in which students must write their own SAISQs.  By asking students to use information from previous lectures in the course to write a study question about the current week’s topic, they will have to review and use the information they have already learned.  This should be another way to help students engage with the course material and begin to organize information in meaningful ways.  
An example BIO-117 weekly review sheet.
Week 13:

Photosynthesis; Protein Sorting & Vesicular Transport

Terms, concepts, and people to know and understand (from assigned readings and lecture):

autotroph




photoautotroph
chemoautotroph




heterotroph
stomata





chlorophyll
chloroplast




thylakoid
stroma





thylakoid lumen
granum





electromagnetic spectrum
carotenoids




action spectrum
“exciton transfer”
 (resonance energy transfer)
photosystem

antenna complex




reaction center

 “special pair” of chlorophyll molecules

light reactions


Z-scheme




NADP+/NADPH

Calvin-Benson cycle (dark reactions)

Rubisco




nuclear pore




signal recognition particle (SRP)

signal peptidase




ER translocation channel

clathrin-coated pit



dynamin

adaptin





cargo receptor

SNAREs (v-SNARE; t-SNARE)


protein glycosylation

Golgi cis face; Golgi trans face


pinocytosis

phagocytosis




receptor-mediated endocytosis

Discussion & Study Questions and Topics:
Lecture 26 (Mon. Nov. 30)

1) Understand the light reactions of photosynthesis, and the photosynthetic electron transport chain.

2) Know and understand how light is absorbed and how they energy from light is transformed via exciton transfer (resonance energy transfer).

3) What are the end products of the light reactions of photosynthesis?

4) Know and understand the main idea of the Calvin-Benson cycle (dark reactions).  What are the end products of the C-B cycle?

5) Why is Rubisco perhaps the most important enzyme on Earth?  What does it do?
Lecture 27 (Wed. Dec. 2)
1) Know and understand the structure of the eukaryotic nucleus, the nuclear pores, and the endoplasmic reticulum (ER).

2) How are proteins moved into the nucleus and into the mitochondrial matrix? 

3) What are signal recognition particles?

4) What are the major routes of vesicular transport in the eukaryotic cell?

Lecture 28 (Fri. Dec. 4)
1) Know and understand clathrin-coated pit/vesicle processes.

2) Know and understand regulated and constitutive exocytosis pathways. 

3) What is receptor-mediated endocytosis?

4) What are endosomes and lysosomes?  What are their functions in the eukaryotic cell?

Example exam/quiz question:

1) In class we discussed the fact that visible light includes the region of the electromagnetic spectrum from 380 to 750 nm.  Plants use chlorophylls a and b which together absorb light maximally at two regions of the visible spectrum:  from 430(460 nm and from 640(670 nm.  How are plants able to make use of light energy in the region from 480 to 620 nm? 

2) Where do the electrons that flow through the chloroplast electron transport system come from?  What is the final electron acceptor in the chloroplast electron transport system?

3) Endocytosis of LDL occurs through a mechanism that does NOT use clathrin-coated vesicles.


True

False
(circle one)

A. This team of scientists uses the phrases “reduce CO2 to organic carbon” and “oxidation of sulfur compounds”.  Explain what these phrases mean.








B. Where are the organisms described here obtaining light?








C. Using your knowledge of photosynthesis and other information that we have covered in the lectures on metabolism, explain what this team has discovered, and offer an explanation of the significance of their findings.  








