BRIDGE 2007-2008

Bruce S. Burnham

Questions to shape your BRIDGE project posting and presentation  (“Going Public”)  

1.
Identify class level, specify whether core, elective, or major requirement, any other pertinent information on class demographics.

· Biochemistry I (BCH325) is an upper division required course primarily taken by junior and senior chemistry, biochemistry and biology majors.

· Chemistry and Contemporary Society (CHE115) is a non-science majors liberal arts chemistry course taken by mostly freshmen business or liberal arts majors,

· Environmental Toxicology (ENV350) is an upper-level required course in the Environmental Sciences major taken by juniors and seniors in that major. It also satisfies an upper division elective in the biochemistry major so often has roughly half of the course populated by those students.

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

When I began my BRIDGE project, I really had not a clue as to what project on which to work. I knew from course evaluations and student work products (e.g., objective and essay exams, papers and lab reports) that my students were not fully achieving the learning objectives for the courses as outlined in the syllabi and furthermore were not drawing connections to the material, as if they were learning each course unit in a vacuum.

The overall objective for my BRIDGE project was to improve students’ ability to think and to communicate as scientists and to draw connections among different areas in the course of interest (I began with Biochemistry I [BCH325]), as well as between the course content and their own lives. With the objective in mind, the backwards design or retrosynthetic approach was taken to construct classroom and assignment strategies to accomplish the goal. The Biochemistry project was divided into two parts: one was aimed towards the unit on protein purification and the second on an integrated metabolism, collaborative learning project. As BRIDGE continued into the spring semester, I took those objectives and decided to do a parallel project applied to two diverse courses, Chemistry and Contemporary Society (CHE115), a non-science majors liberal arts chemistry course, and Environmental Toxicology (ENV350), an upper-level required course in the Environmental Sciences major. The spring parallel project took on a different form centered more towards drawing connections to the course content from weekly news reports, which were named “Fun Fridays” since we did the news reports on Fridays. This approach was going to dramatically cut down on the number of chapters formally covered in lectures and in-class activities, which was especially troubling in the toxicology class, where the students needed to get a desired breadth of concepts.

3. 
Did I rethink my course goals? (Explain.)

The course objectives from the respective syllabi are as follows:

Biochemistry I (BCH325):

· Discuss amino acid and protein structure in terms of how small molecules and macromolecules interact.

· Discuss how enzymes function in terms of binding, kinetics, and molecular mechanisms.

· Explain carbohydrate structure, catabolism and anabolism.

· Explain lipid structure, catabolism and anabolism.

· Understand the similarities and differences between the reactions and regulation of several metabolic pathways.

Chemistry and Contemporary Society (CHE115):

· Analyze problems using the scientific method.

· Interpret chemical symbols and formulae.

· Predict how chemistry and chemical processes affect our daily lives (e.g., petroleum, soaps, acids and bases, drugs).

· Evaluate how chemicals affect our environment (e.g., pollutants).

· Evaluate the basic biological functions of nutrients (e.g., the food we eat).

Environmental Toxicology (ENV350):

· Discuss the fundamental principles of toxicology, including the different areas of toxicology and toxicology testing. 

· Predict the absorption, distribution, metabolism and excretion of xenobiotics.

· Discuss the mechanism of action related to the target organs of toxic substances as they relate to their physical and chemical properties. 

· Discuss specific topics in toxicology from current happenings, such as metals, radiation, industrial solvents and vapors, pesticides, teratogens, mutagens, and carcinogens. 

The overall objectives for each course were not altered during the implementation of my BRIDGE-developed learning strategies. What I set out to accomplish was enhanced understanding, communication and drawing connections to the relevant courses. The communication aspect of the biochemistry course was revised as I went along based on discussions in the BRIDGE group. These mainly entailed giving students more opportunities to practice and model what they needed to comprehend in order to perform well on the course assessments. The collaborative learning unit on integrated metabolism was drafted as a single packet for the groups to complete. The class took the last two week of the course to complete the unit. There were not revisions made to the unit. Revisions would be incorporated after a class had gone through it once. As for the CHE115 and ENV350 courses, once the new strategy was developed and implemented for the first Friday of the semester, no further changes were made. Again, revisions would be incorporated after the courses were completed and data and reflections were taken into account.

4.
What methods did I use to gain information?  [Specify any CATs here, including changes in assignments and assessments, if relevant.]

For the protein purification unit, the material was presented and developed in the following order:

· Step 1: Information about amino acids and proteins were provided in lecture format primarily following the textbook via PowerPoint.

· Step 2: Students broke into groups of 3-4 and completed an outline breaking down the steps of protein purification. The groups presented the answers to the class.

· Step 3: Each student was given an assignment to find from the primary literature, a paper containing protein purification and break it down as the groups did before. Then each individual presented his or her paper to the class.

· Step 4: Using last year’s midterm exam, students were to write out the essay portion on protein structure and isolation and have me evaluate the content writing style. This would serve as practice for the up-coming exam.

The assessment of student comprehension and verbal and written communication skills were accomplished by review of the sample essays and subsequent exam and evaluation of the students’ presentations. Additionally, course content comprehension was evaluated by performance on a standardized multiple-choice exam, the ACS Biochemistry exam.

The collaborative learning unit on integrated metabolism was evaluated by observing how well the groups proceeded through the packet and how well they could explain the concepts to me as I circulated and facilitated the groups. Also the standardized ACS Biochemistry exam was used as a quantitative measure of student comprehension of course content. 

Since the CHE115 course did not require students mastering certain concepts for their future courses or career but was to engage the class in discussions about chemistry for one semester, the assessment was largely subjective on whether or not the students were drawing connections between the chemistry around them and their daily lives or potential career. When circulating amongst the groups, I looked for if the students did the assignment and how well they wrote up their summary sheets, mainly looking for completeness in answering all of the questions. Additionally, I would talk to each student about his or her article to see how well they understood it and led them into a discussion of the relevant course topics. Then, I would observe if the students could draw such connections when they presented their article to the whole class. A quantitative measure of assessment was key questions on the end-of-semester course evaluations:

14. The current events were useful to aid in my understanding of the chemistry in the real world.


very unhelpful  1  2  3  4  5  very helpful

15. I would recommend this course to other students
.

not recommend  1  2  3  4  5  strongly recommend

16. I have acquired an understanding of chemistry as it relates to my life?


very little  1  2  3  4  5  quite a bit

17. This course will be relevant to my future?


not relevant 1  2  3  4  5 quite relevant

For the Environmental Toxicology course, I used similar methods of assessment as the CHE115 course, but expecting more research and understanding of the topics. A peer and instructor presentation evaluation was completed for the more formal presentations of the term paper topic. Written communication skills were evaluated by the term paper and ability to write explanations on the short-answer exams. Like the CHE115 course, I used key questions on the end-of-semester course evaluations as another quantitative measure of assessment.

13. The student presentations enhanced the course by demonstrating real-life applications of toxicology.

detracted from course 
  1  2  3  4  5 
enhanced the course

14. I would recommend this course to other students

not recommend  1  2  3  4  5  strongly recommend

15. I have acquired an understanding of toxicology as it relates to my career goals?

very little  1  2  3  4  5  quite a bit

16. This course will be relevant to my future?


not relevant  1  2  3  4  5  quite relevant

5.          What examples or evidence of student performance can I offer to illustrate how I 
drew conclusions? 
[Please collect samples to illustrate effects of your interventions.  Emphasis may be on qualitative or quantitative data. ]

Biochemistry I:

Copies of the student essay exams from Exam II were retained as evidence of the students written communication skills in terms of organization, style and content. The class average on Exam II was 85.2 +/- 20.5, with the average on the essay section was 85.1 +/- 22.2 and the average on the multiple-choice section was 63.1 +/- 18.9. The presentations on the protein purification article were assessed on the following criteria: obtaining an article appropriate for the topic, successful dissection of the methods of purification, ability to explain the procedures to the class, and how the students summarized and drew connections to course content. The average grades on the presentations were 90.8 +/- 7.2. These results indicate that written and oral communication is adequate, but the course content comprehension is lagging behind.

A second method employed to evaluate student comprehension was to evaluate their performance on the ACS exam compared to the national norms. The ACS exam consists of 60 multiple-choice questions taken within 90 minutes. The mean correct answers for our students was 28.4 +/- 8.4, compared to the national mean of 31.8. Of the 60 questions, 28 were missed by more than 50% of the class, and 10 were not directly covered in class, with 2 related to the lab. These results tell us that the students in Biochemistry I are performing near the national average with respect to course content. It should also be noted that the ACS exam is typically given to students at the end of a two-semester course as we do in organic chemistry, however, in this case, the exam was given at the end of the first semester. These averages on the ACS exam have been consistent over the past few years of administering the exam at the end of Biochemistry I. This indicates that the new course strategies improved oral and written communication, but they did not improve nor diminish the comprehensive part of the course. 
Chemistry and Contemporary Society (CHE115):

Course grades were 2.89 +/- 1.08 for the spring, 2008 term and 2.59 +/- 0.93 for the fall, 2007 term. The results of the course evaluations indicate student satisfaction with the course and especially students felt like the course was relevant to their future and their everyday lives. An examination of the pertinent questions from the course evaluations show an increase from the fall, 2007 term to the spring, 2008 term in the three key areas: recommend this course to other students (3.19 to 4.35), relevance to my life (2.69 to 4.15) and relevance to my future (2.04 to 3.65).
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Environmental Toxicology (ENV350):

Course grades were 2.95 +/- 0.88 for the spring, 2006 term and 2.84 +/- 0.64 for the spring, 2008 term, which is not a significant change. However, the results of the course evaluations indicate student satisfaction with the course and especially students felt like the course was relevant to their future careers and their everyday lives. An examination of the pertinent questions from the course evaluations show an increase from the spring, 2006 term to the spring, 2008 term in the four key areas: value of the presentations (4.27 to 5.0), recommend this course to other students (4.36 to 5.0), relevance to my career (4.18 to 4.69) and relevance to my future (4.0 to 5.0).
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6.
 What theories or debates about learning frame or illuminate my inquiry?

[Please refer here to specific readings and theories or debates, e.g., expert/novice (How People Learn, 
“cow” vs. “bull” as Perry defines them, coverage vs. critical  thinking (Nelson), “backward design” and assignment-centeredness (Walvoord), teaching freshmen (Leamnson), disciplinary assumptions in designing and judging assignments (Colomb), etc.]

As I began my BRIDGE project with the communication aspect of the protein purification unit, I was most influenced by Colomb’s article on “Disciplinary Secrets.” It dawned on me that I fell into the same traps as some professors described his piece. I decided that I needed to do a better job in getting my students to the point where they could think and communicate as a biochemist. Also, reflecting on Perry’s concepts of “cow” versus “bull,” I felt that I needed to put forth more effort in getting students to “bull” more and focus somewhat less on the facts or “cow” in order to improve the communication, both oral and written. Of course, I referred back to Bloom’s taxonomy in the development of learning biochemistry. Too often, especially in science courses, professors including myself tend to focus so much on knowledge and understanding, that we do not make time to move up the ladder to a more complete set of learned skills. Nelson’s works on collaborative learning were useful, more in validating a practice that I’ve employed for quite a few years in different courses. The collaborative learning activities were used throughout all four parts of my BRIDGE project, from the protein purification and integrated metabolism units in Biochemistry I to the weekly articles discussed in Chemistry and Contemporary Society and Environmental Toxicology.

7.        What have I learned (or what new hypotheses have I developed) so far?

Overall, I observed that students respond better (i.e., learn better) when given the opportunity to discuss the topics with their peers as well as their instructor. This common thread can be draw through every one of the four projects. In Biochemistry I, students worked in a collaborative learning environment for the protein purification units, several case studies during the semester and the integrated metabolism unit. Additionally, each student gave a presentation to the class. In Chemistry and Contemporary Society, each student had to discuss their weekly articles with  the instructor or the embedded tutor, then one student from each group presented an article from the group to the entire class. For Environmental Toxicology, each student presented his or her article to the class, plus a longer presentation on their term paper topic at the end of the course. 

Secondly, I observed that when students are given more opportunity to use what they’ve learned from answering recall questions on quizzes and exams to communicating and analyzing the concepts in both oral and written form. 

8.
Where will I go from here?

While the communication aspect of in the Biochemistry I course was moderately successful, improvements can be made in developing the skills of the students. This can mainly be accomplished through increased modeling (i.e., practice) both oral and written communication about protein structure, function and purification. The summary lecture format is adequate, only I would reduce the volume of factual details in favor of improving the level of understanding of the broader concepts. The question always is “how do I balance depth versus breadth of coverage?’ This can be monitored through performance on the multiple-choice sections of hourly exams, performance on the ACS exam, and in some cases, performance on gradate exams such as the GRE and MCAT. 

For Chemistry and Contemporary Society, the discussion of weekly articles or the “fun Fridays” was a tremendous success as evidenced from the course evaluations. Since the overall main goal of the course is to talk about current issues in chemistry for 13 weeks, that has been accomplished. By having students drive the discussions through articles that interest them, satisfaction and relevance with the course has been greatly improved. A couple of drawbacks were observed. Students tend to follow the path of least resistance, so many obtained articles from the featured link on the Bb site, the ACS weekly news magazine Chemical and Engineering News (C&ENews). While this is a great source of chemistry-related news articles, there was a lot of repetition from students obtaining the same articles from the limited pool every week. A related problem was that students would bring in not only duplicate reports, be them from C&ENews or other news outlets, but also the same types of issues week after week, such as an abundance of articles on CO2, ethanol-based fuels and global warming. While these issues are obviously important at the time, a broader coverage of topics would enhance the course as a whole. Methods to accomplish this would be to have students pick from a topic list for their articles and to require articles from more than one source throughout the semester. The weekly report form will also be revised to include a section on connections to specific topics covered in class, such as citing the relevant pages from the textbook or PPT slides.

For Environmental Toxicology, the weekly article format worked very well and that aspect of the course will certainly be retained. Students responded to the format favorably as shown in the course evaluations. As with a fact-heavy course like Biochemistry I, the toxicology course also has the “depth versus breadth” problem. In this course, there is not a national standardized exam to use as a gauge of student comprehension. From the fact part of the hourly and final exams, student performance was not as good as I had hoped. The hourly exam average was unchanged from spring, 2006 to spring, 2008 (74.84 to 74.85) as was the final exam (65.00 to 64.43). I had hoped that more student engagement in the weekly topics, which sometimes drove discussions into the following week, would result in improved comprehension. I felt sometimes that we had such a good time in class discussing the cases that students lost sight of the fact that they needed to learn and retain the concepts discussed. A solution would be to require students to do more research on their topics such as referencing pages in their textbook, additional references from the textbook and a requirement of more in-depth coverage of the toxicant under discussion. There were fewer instances of duplicate articles in this smaller class, 7 versus 52 for CHE115, therefore, policies to restrict topics or sources do not seem necessary.  
9. 
How might my findings be extended? How might they affect a) acculturation of freshmen to disciplinary epistemologies in my department and b) integration of intro courses with upper-level ones?

Obviously, the adjustments to each course as mentioned above will be incorporated and similar data collected to monitor the progress of these instructional techniques. Of course, new observations will be made and adjustments made as appropriate. After all, I should employ the “Scientific Method” to my teaching as well as laboratory experiments! 

Looking towards my other courses, I envision a weekly article format for an upper division elective, Medicinal Chemistry (BCH425), in a similar style to Environmental Toxicology. There remains to be much tweaking to be done to the lecture-lab course, Experimental Chemistry I (CHE205). This upper-level course has a lecture-homework-quiz section on spectroscopy and an organic synthesis library research-laboratory work-report writing section. I would like to see collaborative learning units on the different areas of spectroscopy developed. Then, in a manner similar to that used in Biochemistry I, give students more opportunities to practice using the concepts in group problem solving as well as written and oral communication. With our Department’s ongoing assessment, another area of my concern is the organic I and II laboratory courses (CHE213 and CHE216). We have been  using assessment instruments to measure student connections to the laboratory techniques, instrumentation and report writing. In response to data collected, we have improved the report writing through increased modeling  currently through the process of writing multiple drafts of lab reports. We also target areas of laboratory deficiency from the assessment instruments. For example, students have continually had a lack of understanding of the theory and use of chemical extractions. Because of this, a new lab experiment was written and employed this summer on extractions. Preliminary subjective observations indicate that this has been successful. Another such area was in chromatography. We have incorporated gas chromatography in three experiments in CHE213 and are developing liquid chromatography and thin-layer chromatography to experiments in CHE216. 

My experiences will certainly be shared with the two new members of our department as well as my current colleagues. I am excited about the opportunity to develop a new course in introductory biochemistry, which can be done incorporating the techniques developed in this BRIDGE project and the subsequent observations from the ongoing adjustments in teaching strategies.
