
MSKC 2006 

7.391 Concept-Centered Teaching 
Semester I 
 
7.01x Misconceptions List 
 
General Problems Students Face while Taking Introductory Biology 
 

1. Students have difficulty visualizing biological molecules in 3D and understanding 
that these molecules interact because they can via a series of dynamic interactions. 

2. Students rarely see the connection between what they are learning in class and 
everyday biological processes like diseases or eating. 

3. Students do not see the connections between different aspects of biology, like 
biochemistry and genetics. They see biology as a series of separate topics. 

4. Students do not understand how a genetic change can result in a phenotypic 
change at the protein level. 

5. Students rarely understand the importance and prevalence of proteins in cells.  
6. Students are unable to see the important concept(s) in historical experiments.  

They think they need to memorize the experiment and who performed it, and do 
not grasp the importance of the process. 

 
Biochemistry 

• Are Van der Waals interactions the only dynamic force? 
• What is the role of the hydrophobic effect in energy minimization? 
• How is a disulfide bond made? 
• Is a disulfide bond different from a covalent bond? 
• What is the role of a disulfide bond? 
• What is the role of hydrogen bonds in maintaining secondary structure? 
• Where are the R-groups found in an α-helix? 
• Is there a “hole” in the middle of an α-helix? 
• How flexible is an α-helix? 
• What is polarity?  How is it related to shape and charge? 
• What is ATP?  Where is the energy stored? 

 
Genetics 

• What are a gene, allele, chromosome, DNA, and nucleic acids and how are they 
related? 

• What is a double helix?  What is its relationship to an α-helix? 
• What is the relationship of a gene to a protein and to a phenotype? 
• How can a change in a gene cause a change in a protein? 
• What does it mean to be dominant? Recessive? 
• Is it easier to lose function or gain function in a protein?  Why? 
• Is it is easier to get a dominant or recessive mutation?  Why? 
• What is a complementation test?  A recessivity test? 
• What is an epistasis test?  How are the genetic changes related to the phenotypic 

changes? 
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• What do chromosomes look like?  Are they really X and Y shaped? 
• When and where does recombination occur?  How is this related to recombinant 

DNA technology? 
 
Molecular Biology 

• How does gel electrophoresis separate proteins? 
• How and where is DNA replicated in the Messelsohn-Stahl experiments? 
• What is the difference between semi-conservative, conservative and dispersive 

DNA replication? 
• How can DNA be labeled with P32? 
• What does DNA look like?  Is it 2D or 3D? 
• Why is DNA held together by hydrogen bonds instead of something more 

permanent? 
• How and why is DNA replication bidirectional? 
• Where are the phosphates found in DNA replication? 
• How are RNA primers for DNA replication made? 
• What is the role of RNA primers? 
• What is a telomere and what is its role in DNA replication? 
• What is a codon? 
• What is the codon-anticodon, mRNA-tRNA connection? 

 
Gene Regulation 

• What is the molecular difference between different cell types in the human body? 
• Where does an amino acid bind the DNA? 
• What types of interactions do proteins use to bind DNA? 
• Where and what are the promoter, operator and enhancer? 
• What is the role of a repressor and what is it? 
• What are the roles of the regulatory elements in gene regulation? 
• How do changes in protein shape affect gene regulation? 
• How does a protein “know” where and how to bind DNA? 

 
Immunology and HIV 

• How do viruses replicate themselves?  Whose machinery do they use? 
• What are the components of a virus?  Why does it need a cell to propagate? 
• What is the difference between an extracellular and intracellular response? 
• What does a B Cell do?  T cell? 
• What is the role of a MHC I?  MHC II? 
• Why does an antigen presenting cell have both MHC I and MHC II molecules? 
• Where does VDJ recombination occur, in DNA or RNA? 
• What is an antigen versus a pathogen? 
• Can a cell make multiple versions of the same antibody?  TCR? 
• From where do antigens come? 
• How does HIV kill cells and eventually “kill” people? 
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Recombinant DNA Technology 
• What does cloning mean in biology? 
• Are there eukaryotic types of bacteria? 
• What do restriction enzymes do?  Do they cut at random? 
• How and where do small fragments ligate?   
• How is it possible for fragments to ligate in both directions? 
• What the difference between an origin and a promoter? 
• How are the plasmids replicated?  Are they autonomous or do they require an 

organism? 
• How efficient is ligation? 
• How efficient is transformation? 
• Do antibiotics affect the plasmid or the organism?  How does this assist cloning? 

 
7.012 Specific 
 
Organismal Cloning 

• Why is it not necessary to fertilize an egg to make an oocyte divide? 
• Would you want a nucleus from a meiotic or mitotic cell to clone? 
• Why can’t you place a nucleus from one organism into an oocyte of another? 
• How does the environment of the developing fetus affect the cloned organism’s 

trait? 
• How many chromosomes does a somatic cell have?  A germ cell? 
• Do eggs and sperm undergo meiosis?  Why or why not? 
• Why do you need to arrest cells in G1 to transplant nuclei? 

 
Cancer, Cell Cycle, and Signal Transduction 

• What is the cell cycle? 
• What is signal transduction? 
• What are cyclins and CDK’s and how do they work? 
• Do cyclins and CDK’s act together or separately? 
• What are the traits of a cancerous cell? 
• How is signal transduction related to cell growth and control of the cell cycle? 
• How do mutations in signal transduction pathways connect with loss of need of 

growth factors in cancer? 
• What are cAMP and ATP? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 10:  May 3, 2006 
 
Activity 1 
 

• Ask the students to brainstorm the different ways in which they have been graded 
in the past. 

• Discuss the type of class in which these methods were used and which method 
they feel was most effective in determining how much they learned. 

 
 
Assessment 
 
I.  Basic Tools for Assessment 
 

1. How many students do you need for a good sample size? 
 

2. What is the best way to ensure your students are benefiting from new teaching 
tools? 

 
3. What are the different types of assessments and what are the pros and cons of 

each? 
 

4. Is retention an important tool in assessment?  How do you gauge retention? 
 

5. Some schools are moving to all pass/fail classes.  Is this type of assessment better 
or worse for students?  What type(s) of student(s) excel in these circumstances? 

 
6. Is grade assignment necessary?  What is the purpose of grades? 

 
7. Is scaling a useful process?  Who does it benefit?  Who does it harm?  Have you 

been in scaled classes before?  What is your impression of the process? 
 

8. What are the different methods of scaling?  Discuss the pros and cons of each 
method. 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 3:  March 1, 2006 
 
Activity 1 
  

• Ask the class to come up with a list of topics they feel are vital for students to 
learn in introductory biology. 

• Write down all topics on the board whether or not everyone agrees. 
• Go through the list one by one and discuss whether or not the entire class agrees 

on the inclusion of the topic. 
• Discuss how this exercise represents the problems faced when establishing a 

national curriculum 
 

Activity 2 (time permitting) 
 

• The shape game 
 
Concept Inventory 
 
I.  The MIT BCF 
 

1. Should students be given this framework of organized topics?  Why or why not? 
 

2. Is this framework useful for others outside the realm of MIT?  Why or why not? 
 

3. How is this method of topic organization useful?  What is problematic about it? 
 

4. The suggestion was made to increase the scope of the BCF to include upper level 
classes like genetics, biochemistry and molecular biology?  How feasible is this 
plan?  Do you think having a BCF for upper level classes would be useful? 

 
II. Using the Concept Framework idea in the outside world 
 

1. How do you chose what concepts should be included?  Is the list exhaustive in 
terms of details or does it just deal with major concepts and issues? 

 
2. Who should provide input as to what gets included in the framework?  Do you 

think the input of nonbiologists is useful?  If not, why?  If so, in what way(s)? 
 

3. Producing a framework like this seems like a really good exercise for 
instructors to do to make themselves tease apart the many concepts they want 
to teach, prioritize them, and communicate them to their fellow teachers, 
but it is also a lot of work. Can you reach most of the same goals 
by conceptual teaching without an organized framework or not?  How? 
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4. Should we have a national biology curriculum?  If so, what topics should a 

national curriculum include?  How would we assess that all of our students were 
getting all the information? 

 
5. Should all students be required to learn the same “core” group of biology topics? 
 
6. People have begun to suggest standardized tests should be used at the 

level.  Could frameworks like this be used as the foundation for better 
standardized tests, ones that could focus on conceptual learning rather than 
regurgitation?  How hard would it be to get a broad consensus on what biological 
concepts students should master if, say, a national college-level biology exam 
were to be written? 

 
7. Is it valuable to have a majors class and non-majors class?  Would the non-majors 

be better served by getting the hierarchical concepts in a class that relates to 
everyday life and how it relates to biology? 

 
8. Is it better to test cross-referenced concepts together or to test concepts in a  

hierarchical manner?  Is there a preference for students to learn in one particular 
manner? 

 
9. As students many of us have been condition to learn my memorization, Do 

students have a hard time adjusting to learning by this concept-mapping 
techniques? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 6:  April 5, 2006 
 
Activity 
 

• Have the students brainstorm possible topics in biology that would lend 
themselves to case study format. 

• Make the students choose one topic and design a scenario for it in the classroom. 
 

Case Studies 
 
I.  Legistics 
 

1. Should case studies be worked in or out of class? 
 
2. Should students work together or alone?  Why? 

 
3. How do you grade case studies? 

 
II.  Case Studies 
 

1. Do certain topics in biology lend themselves to case studies?  If so which ones 
and why? 

 
2. How effective is a case study module for teaching large courses? 

 
3. Should lecture be used to supplement information presented in case studies?   

 
4. Allowing studies to design their own experiments for the case study becomes very 

expensive.  Is there a way to do this and keep the cost down? 
 

5. In high school, could a case study class take the place of multiple subjects?  A 
college nonmajors science class? 

 
6. How often would a case study based class have to meet?  More or less often than 

a traditional lecture? 
 

7. How can you use case studies in large lecture classes? 
 

8. In what context do you use case studies?  To supplement lecture?  Instead of 
lecture?  Is the use topic dependent? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 5:  April 12, 2006 
 
Activity 
 

• Ask the students to develop a crude concept map using the basic concepts of 
biology under the headings “Genetics”, “Biochemistry”, and “Molecular 
Biology.” 

• Discuss the possible impact of such maps on student understand of the big picture 
in introductory biology. 

 
Concept Mapping 
 
I.  Group Dynamics  
 

1. For concept mapping is it better to have the students in the same groups all year or 
to mix the groups up? 

 
2. Should concept-mapping be done alone or as a group? 

 
3. How should groups be assigned for this type of activity? 

 
 

II. Creating a concept map 
 

1. Should you teach your students how to do a model concept map in class so they 
know how to do it before assigning the individual concept map? 

 
2. Which students benefit the most by concept mapping?  The struggling students or 

the “smart” ones? 
 
3. Would this approach work better or worse in a setting including a group of 

students with diverse science backgrounds? 
 

4. Are there certain subjects in biology that lend themselves better to concept 
mapping than others?  Which ones?  Why? 

 
5. Should the teacher periodically go over the maps with the students or allow them 

to work on their own? 
 

6. Will the students benefit from trading maps? 
 

7. How do you make sure all students are participating? 
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8. How do you make sure that the concept map is not seeding misconceptions as 
opposed to reinforcing truths? 

 
9. How do you grade a concept map? 

 
10. Is concept mapping or the group learning component that increases student 

learning? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 5:  March 22, 2006 
 
Activity 
 

• Ask the students to think of the different ways they were assigned to groups and 
write down the methods on the board. 

• Discuss the pros and cons of each method and what their personal impressions 
were of each style. 

 
Cooperative Learning 
 
I.  Assigning Groups  
 

1. What is the best way to assign groups? 
 
2. What are the problems involved in assigning group work? 

 
3. What are the benefits of group work? 

 
4. How do you assess the contribution of each member of the group and ensure that 

the students are not having one excellent student do the work for them? 
 

5. Is it better to have students of varying degrees of understanding working together 
or a more uniform understanding of biology? 

 
6. How can cooperative learning be used in a lecture classroom? 

 
7. How do you know your cooperative learning efforts have had a positive impact on 

student performance? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 12:  May 17, 2006 
 
Activity 
 

• Have the students design their own end-of-term evaluation sheet 
• Have them copy the evaluation down and submit it after class.  Be sure to 

emphasize that all points of view are important and valid! 
 
Evolution 
 
I.  The Evolution Controversy 
 

1. Should evolution be taught in public schools?  Should rationale design be taught? 
 
2. In which grade should we begin teaching evolution?  At what age are students 

capable of understanding evolution? 
 

3. Is biology the only subject that should address evolution?  If not, where else does 
it fit in a school curriculum? 

 
4. Should students whose religious beliefs conflict with evolution be allowed to 

abstain from this portion of the curriculum? 
 

5. When and where was evolution introduced to you?  Was a religious component 
included as well? 

 
6. Should textbooks include chapters on evolution?  Discuss the disclaimer stickers 

being applied to books in some communities.   
 

7. How has the media influenced the evolution argument?   
 

8. What is the difference between a scientific theory and a normal “theory”?  How 
do we enforce the different meanings?   
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 8:  April 19, 2006 
 
Activity 
 

• Ask the students to brainstorm the different ways in which a laboratory could be 
incorporated into a school curriculum as a stand alone class, in addition to lecture, 
as a project lab, etc. 

• Discuss the pros and cons of each format 
• Ask the class to come to a consensus as to which is the best method 

 
Laboratories 
 
I.  Concept Laboratories  
 

1. Is it practical to design an entire semester-based concept lab? 
 
2. Can a concept-based lab be used in a large lecture hall? 

 
3. Do you think in class demonstrations can replace lab? 

 
4. Why is it so hard to design “good” labs? 

 
5. Should students be required to design their own experiments?  Is this practical?  

How do you ensure they are understanding the concept at hand? 
 

6. How can teachers of AP biology use labs more effectively? 
 

7. Should discussions be a required component of lab? 
 

8. Should labs be graded?  Why or why not? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 2:  February 22, 2006 
 
Decide on Discussion Group Times 
 

Wednesday 4 pm 
 Thursday 4 pm 
 Friday 2 pm 
 
Activity 
 

• Ask the students to come up with a concept taught in introductory-level biology.   
• Write the concept on the board and have the class break the statement down into 

individual concepts. 
• Discuss how students in an intro class can get confused by complex ideas that we 

take for granted and the levels of understanding it takes to explain the original 
concept. 

 
Confronting Student Misconceptions 
 
I.  Background about misconceptions  
 

1. At what age do students develop misconceptions? 
 
2. How are these misconceptions seeded? 

 
3. Is a student more likely to have misconceptions in science classes than in other 

subjects? 
 

4. Do certain groups of students come into a class with different misconceptions 
based on race, gender, social status, etc.? 

 
II. What are misconceptions? 
 

1. How can we identify what misconceptions our students have in a timely manner 
before the class begins? 

 
2. How can we confront the misconceptions that our students have? 

 
3. How can we make our students aware of their misconceptions? 

 
4. How do we reinforce truths? 

 
5. How can we design a curriculum that enforces concept-centered teaching? 
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6. Does concept-centered teaching work for all ages?  

 
7. If we make our students aware of their misconceptions, do we actually risk 

causing the misconception to take a greater hold? 
 

8. How do we combat misconceptions, when those very same thoughts may be 
reinforced in other settings? 

 
III. Questions specific to the readings 
 

1. How are two-tiered questions used in these studies?  Do you feel these types of 
questions are effective means of assessing student misconceptions?  How do 
“strategic test-takers” fair in these assessments? 

 
2. Did the teachers in these examples bias the results by his/her bias towards the 

effectiveness of concept-centered teaching?  Are the assessment methods 
appropriate? 

 
3. How were the questions to test misconceptions formulated?  How do you pin-

point misconceptions if you do not know what your students do not understand? 
 

4. Because different scientific disciplines teach the same processes, like diffusion 
and osmosis, from different angles, can we write exams that keep in mind all the 
different views of the same processes? 

 
5.  How could we apply the conceptual change method to larger classroom settings? 

 
6. Is the conceptual change method a new way of teaching, or just a way of 

systematically doing what effective teachers do automatically?   
 

7. Can such a method be used by high school teachers that were only forced to 
“know” material in college, and never really came to “understand” the material 
themselves?  

 
8. How do you delineate between what people “know” and what they “understand”? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 4:  March 8, 2006 
 
Activity 
  

• Go around the room and ask each student to decide which intelligence most 
accurately reflects them.  Encourage them to give multiple categories if they think 
their personality is reflected by more than one.  Write all the categories on the 
board. 

• Discuss as a class any trends observed in the categories and whether or not they 
feel biology majors tend to be a particular intelligence. 

 
Multiple Intelligences 
 
I. Multiple Intelligences 
 

1. 1. Does anyone really fall into one category or are we a combination of many 
types of intelligences of varying degree? 

 
2. Who is Piaget and what were his theories on intelligence and development? 

 
3. Is visual intelligence really separate from logical intelligence if it allows one to 

solve puzzles? 
 

4. Are there other intelligence theories or is the Garner theory the most accepted? 
 

5. When do people reach the peak end-state of these intelligences?  How do you 
assess the peak? 

 
 
II. MI and Biology 
 

1. How can we determine at the beginning of a course in which intelligence our 
students excel? 

 
2. What types of activities and exercises can be designed in biology for students of 

different intelligences? 
 
3. Which intelligences are most developed in students who major in biology? 

 
4. Do current methods of teaching biology cater and/or select for certain 

intelligences? 
 

5. How can MI be used in concept-centered teaching? 
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6. Can a teacher really teach in different ways to cater to all of his/her students’ 

different intelligences? 
 

7. Should teachers try and develop weaker intelligences in their students?  How? 
 

8. Does our society value some intelligences over others? 
 

9. Should teachers try to teach to a student’s particular intelligence or should 
teachers try to help the student become more adept at their weaker intelligences? 

 
10. Is teaching to multiple intelligences realistic in large lecture classrooms? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 9:  April 26, 2006 
 
Activity 
 

• Ask the class to brainstorm topics we covered in high school physics 
• Discuss what we do and don’t remember and discuss if asking college students to 

remember high school is the best way to assess predictors of college success. 
 

Laboratories 
 
I.  Predictors of Success in College  
 

1. How important do you think race, ethnicity, gender, social economic class, etc. 
are in predicting someone’s success in biology?  What can teachers do to help 
students overcome these variables? 

 
2. How do we retain minorities in science?  Are there programs specifically 

designed to do this? 
 

3. Do you think particular textbooks are better or worse in preparing students for 
college biology or the faculty involved is more important?  

 
4. The paper suggests changes in high school physics courses that could help better 

prepare students.  Could these changes be applied to college, too? 
 

5. A movement has now been made to include TEAL-like classrooms or class talk in 
college physics classrooms.  Do you think these devices and methods are 
effective? 

 
6. This paper uses college grades as a measure of success.  Are grades the only 

measure of success?  What about retention?  How do we assess these ideas? 
 

7. Why does having a professor of the same gender as the student increase the 
student’s performance? 

 
8. How can covering fewer topics help the students understanding and retention? 

 
9. Why are homework problems negatively correlated with students’ grades?   

 
10. Why do demonstrations and demonstration discussions not help students learn 

physics? 
 

11. Are all of the correlations and regressions really useful values? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 11:  May 10, 2006 
 
Activity 
 

• Have the students grade a mock exam of all types of questions including true/false, 
multiple choice, short answer, matching, fill in, etc. 

• Have the students evaluate each type of question for clarity, ease of grading, and 
assessment of concept knowledge. 

 
Self Assessment 
 
I.  The Basics of Self Assessment 
 

1. What is the purpose of self assessment?  Does it benefit the student, the teacher, 
or both? 

 
2. Will all students be honest in assessing their own knowledge?  Does any category 

or class of students lend themselves better to this process? 
 

3. What types of self assessment procedures are there?  Discuss the pros and cons of 
each? 

 
4. What are pre-term and post-term tests?  Are they an effective means of self-

assessment? 
 

5.  Should self-assessment test be required?  Voluntary?  Should students be given 
an incentive for completing them?  What is the drawback to this? 

 
6. How do you assess retention?  How do you get your to participate in a retention 

survey? 
 

7. Should self assessment be included in a student’s grade?   
 

8. Should students be allowed to evaluate each other?  Should this be included in 
grades? 
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7.391 Concept-Centered Teaching 
Semester I 
 
Discussion Day 1:  February 15, 2006 
 
Discussion Groups 
 

1. Choice of 7.014 or 7.02 
 
2. What time you would like to hold your discussion group? 

 
3. Discuss pairing with mentor from last semester. 

 
a. They will more than likely email you or meet you briefly before the first 

meeting 
b. They have all run their own groups last semester 
c. They will help with material review AND give you feedback in terms of 

what is working and what is not working. 
d. They will help guide you as to HOW to teach concepts. 

 
Activity 
 

• Ask the students to brainstorm a list of individuals they would want included on a 
undergraduate biology curriculum panel 

• Compare and contrast their list and the panel involved in Bio2010 
• Discuss the pros and cons of each individual 

 
Reforming Undergraduate Biology Education  
 
I.  Philosophies about the role of undergraduate biology 
 

1. Why do students take introductory biology? 
 
2. Should students be required to take introductory biology? 

 
3. What do we want our students to get out of a introductory biology course? 

 
4. How can we design a curriculum that fulfills these goals? 

 
II. Bio2010 
 

1. What are the proposed reforms set forth by the committee?  How realistic are 
these goals? 

 
2. Do you see any of the changes as more important than any of the others?  Which 

ones and why? 
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3. Do you think the reforms proposed by the committee are applicable to other 

sciences besides biology? 
 

4. What progress, if any, has been made already to achieve the proposed reforms? 
 
III. Student Discussion Questions 
 
1. Is an interdisciplinary approach to biology actually useful?  How much math (calculus), 
physics and chemistry do students actually need? 
 
2.  Where does the pressure for teaching to MCATs come from?  How does requiring a 
more quantitative biological approach fail to prepare students for MCATs?  Should there 
be a separate track for pre-med students?  Should the MCAT requirements change? 
 
3.  How can professors present scientific history so that the students find it accessible, i.e. 
the problems and people involved seem real enough to engage the students? 
 
4. Other countries have integrated science programs that teach chemistry, physics, and 
biology all at the same time in high schools.  Do you think this method is better or worse 
than that utilized in the United States?  Why?  
 
5.  The College Board is attempting to redesign the AP Biology curricula to meet the 
reform guidelines.  Is AP Biology an adequate replacement for college biology? Do you 
think changing AP Biology programs will affect mainstream biology?  How would those 
changes help college preparation? 
 
6.  One of the recommendations of the committee is to engage students in independent 
research.  How do we assure that financially disadvantaged students get equal access to 
research opportunities?   
 
7.  What is the difference between applied research knowledge (learning techniques and 
technologies) and basic fundamental knowledge of principles (learning facts and 
reasoning skills)?  How should these be taught differently?  What is the place of teaching 
techniques and "real-world" experiments in lecture courses?  Should they be emphasized 
in introductory courses (at the possible expense of learning fundamental principles) or 
only in upper levels?  In grad school? 
         
9.  How can life sciences majors acquire a much stronger foundation in the physical 
sciences than they now get?  Is there enough room in the typical schedule of a life science 
major to take more courses?  
 
10.  As we all know at large research institutions, research will always be the first  
priority while teaching is often the last priority, how will these recommendations from  
the committee apply?  The committee suggests that incentives should be put in place for  
faculty who are interested in improving teaching.  Is this realistic for such  
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universities (when so much emphasis is put on research grants) and will it be easy to  
implement these incentives?  Also vice versa, for small institutions with limited  
research opportunities. 
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