


half time and preparing labs the other half), and an animal behaviorist.  Almost all (90%) have 

Ph.D.s in their special areas and have training to be able to provide backup for at least one other 

area as well as the skills to teach in more general freshman level courses.  The curriculum has been 

divided into the following study tracks: 

 General Biology 

o Traditional Track 

o Pre



  

Academic 

Year 

Goal #1 Goal #2 Goal #3 Goal #4 

Freshman BI 105, BI 

108 

Only courses level 200 

and above can be used 

for this goal 

BI 105, BI 

155, BI 108, 

BI 158  

BI 155 

Sophomore Expanded 

in all other 

courses 

taken 

 

See Appendix B 

BI 206 and 

207 

   or 

BI 300 

 BI 350 

Junior  Expanded 

in all other 

courses 

taken 

See Appendix B *Course with 

research 

project OR BI 

391 or 392 

*Course with 

research 

project OR 

BI 391 or 

392 

Senior Expanded 

in all other 

courses 

taken 

 See Appendix B BI 481 or 482 BI 481 or 

482 

*Courses with student designed research projects are starred in Appendix B 

 



Goal #3, the use of critical thinking, is essential to the sciences.  Many of our courses include 

laboratory research and reports that assess critical thinking skills.  We collect two papers, one 

written the first year at Millikin, and the one from senior seminar research. These papers must be of 

an investigative nature, and draw conclusions from data personally collected or analyzed by the 

student.  The following rubric is used to evaluate how well students used logic and critical thinking 

in their work.    

  

 

 Excellent (5 points) 

 

Adequate (3-4 pts) 

 

Nominal (1-2 pts) 

 

Format  Paper in proper 
scientific form, with all 
standard categories 

 Tables and figures 
correctly constructed 
with good legends 

 Standard use of 
grammar and spelling. 
Fewer than one error 
per two pages 

 Logical organization 

 Literature appropriately 
used and cited 

 Section(s) missing, or 
some material in wrong 
section 

 Same data presented 
more than once, or 
inappropriate figures 
used 

 Some  grammar errors 
and spelling errors 
(Fewer than one per 
page) 

 Some literature used, 
but inadequate or 
improperly cited 

 Non-scientific form 

 Data not presented, or 
raw data presented 

 One or more  
grammatical and 
spelling errors per 
page. 

 Poorly organized 

 Little or no literature 
used  

Design  Key variables 
considered 

  Appropriate 
Experimental Design 
with testable 
hypothesis 

 Alternate hypotheses 
considered 

 Design adequate to test 
hypotheses 

 Appropriate use of  
data analysis  

 Includes Control, 
Experimental groups 
testing one variable  

 Design only partially 
addresses foreseeable 
variables 

 Alternative hypotheses 
not eliminated 

 Design insufficient to 
test hypotheses 

 Incorrect use of data 
analysis 

 Poor design, does not 
separate variables 

 Hypothesis not 
testable, or design 
does not test primary 
hypothesis 

 No use of data analysis 
 

Conclusions  Accurately reflect data 
presented 

 Correct use of logic 

 Fit study into broader 
context 

 Adequate summary of 
paper.  

 Considers where the 
paper. 



 Presentation of this position consists of an oral presentation before faculty and peers, a 

poster display similar to those presented at scientific meetings, and a scientific paper 

patterned after current research literature.   

As the curriculum map indicates, this goal will most likely be fulfilled in Senior Seminar, BI 481 or 

482.  Because of the large number of majors, the limited resources of faculty and space, and the 

limited need for allied students to do research, we do not require hands on research of all students to 

satisfy this goal. We have included the option of researching the primary literature in biology in 

order to meet this goal.  Senior Seminar gives our students the opportunity to present their analyses 

and conclusions in a formal setting.  Evaluation of the poster and oral presentation are based on 

guidelines presented in the following rubrics.  The scientific paper is evaluated using the rubric for 

goal #3. 

 

POSTER PRESENTATION 

Content 

5 Emphasis on student testable, novel hypothesis that would extend research in the field. 

All required components included (Abstract, Introduction, Methods and Materials, Results, 

Discussion, Acknowledgements, Literature Cited) with correct and necessary information included in 

each section. 



figures minimal, text too small to read from a distance, colors friggin’ ugly, many margins uneven and 

much glue showing, layout with many pieces out of place. 

 

 

 

 

ORAL PRESENTATION 

Content 

7-10 Emphasis on student testable, novel hypothesis that would extend research in the field. 

All required components included (Abstract, Introduction, Methods and Materials, Results, 

Discussion, Acknowledgements, Literature Cited) with correct and necessary information included 

in each section. 



 

ASSESSMENT DATA 

 

The following data are collected and averaged: 

 

 The average improvement between pre- and post- scores on the evolution assessment in 

Ecology and Evolution, the average score on the evolution assessment given in Diversity of 

Life, and the average score for evolution assessments for both semesters of senior seminar.   

The percentage compliance of syllabi for direct ties to evolutionary concepts 

  List of classes taken and grades below C- for objective 2.  The ETS field test is also used in 

assessment of this goal, with spring 2010 graduates the first to have taken the test.  It can be 

compared not only to performance of our majors in each of the major areas of biology in 

previous years, but also to performance of biology students from similar schools and 

nationally. 

 Two papers, one from the freshman year, and the senior seminar capstone paper, will be 

collected, evaluated, and compared using the rubric for objective 3.  

  Evaluation scores for objective 4 for paper, poster, and presentation 

 We also have assessments of biology secondary education majors available through 

LiveText on performance of students on the Candidate Assessments necessary for 

completion of an NCATE in 



o Goal #2 





Table 1.  Breakdown of percent correct answers for each question on the pre and post test for 

knowledge of evolution 

Question % Correct 

New 



 

 

Table 2a.  Direct coverage of evolution on syllabi for Fall 2009 Classes for Biology Majors 

Class Instructor Evolution 

directly 

addressed 

BI 105 Ecology and Evolution Parrish and Robertson Yes, Yes  

BI 206 Anatomy and Physiology I Hughes No 

BI 300 Genetics Matthews Yes 

BI 302 Histology Handler No 

BI 303 Entomology Robertson Yes 

BI 306 Animal Physiology Wilkinson Yes 

BI 307 Parasitology McQuistion Yes 

BI 314 Ecology Horn Yes 

BI 326 Plant Biology Parrish Yes 

BI 407 Molecular Genetics Galewsky Yes 

BI 413 Advanced Cell Biology SchultzNorton Yes 

 

 

Table 2b.  Direct coverage of evolution in syllabi for Spring 2010 Classes for Biology Majors 

Class Instructor Evolution 

directly 

addressed 

BI 108 Diversity of Life Matthews and Parrish Yes and Yes 

BI 207 Anatomy and Physiology II Hughes No 

BI 305 Cell and Molecular Biology Galewsky  Yes 

BI 322 Neurobiology Handler Yes 

BI 323 Animal Behavior Robertson Yes 

BI 325 Vertebrate Biology Horn 



criteria for a green light for the number of students needing to repeat upper level courses in the 

content areas.  Our 2010-11 assessment will be the first to include graduates who were required to 

take one course from each of six content areas and earn a “C-“ or better in each. 

 

 Table 3.  Courses that meet biology content area requirements for majors, number of biology 

majors enrolled in each course, and number of students who receive lower than a C- in each content 

area course. 

  Fall 2009 Course offerings  

Course Title 
Course 
Number 

Number 
enrolled 

Number 

earning 

lower than 
C- 

A&P I BI 206 4* 1 

Genetics  BI 300 43 1 (5W) 

Histology BI 302 10 1 (1W) 

Entomology BI 303 6 0 (1W)  

Animal Phys BI 306 12 1  

Parasitology BI 307 10 0 (1W) 

Ecology BI 313 10 2 



0

20



 

Goal #3 Be able to use and apply critical thinking to life situations. (This success is inferred by their 

ability to write critically in biology) 

 Most of our courses emphasize application of concepts to life situations.  Our 

students write a paper on a project they design and carry out as freshmen in our ecology and 



 

 

 

Goal #4.  Be able to present in oral or written form a completed research project, using testable 

hypotheses, logical arguments and appropriate methodologies and equipment. 

 

This goal is assessed by means of a poster and an oral presentation in the Senior Seminar 

Course.  Students are required, using either personally conducted research or using published 

literature, to develop a testable hypothesis and then to develop a logical argument supporting or 

falsifying that hypothesis. This is often most successful with experiments actually performed by the 

student.  Prior to their oral presentations, students construct and display a poster using guidelines 

appropriate for a national meeting.  A minimum average score for the posters of 15 was set by the 

department after three semesters of assessment, and has been met in most semesters (Table 4).   In 

fall of 2009, the mean total score for the poster did not quite meet this goal, partially because there 

were only 6 of the 10 students for whom we have data.   The mean for Spring 2010 does fall within 

the green light criteria.  Eleven of the 32 students for whom we have data for 2009/2010 did not 

achieve 15 points of the 20 possible on the poster component of senior seminar.  However, all 

students do have to pass the senior seminar course in order to receive a degree in biology. 

 

 

Table 4.   Mean scores on departmental rubrics for evaluating senior seminar performance.  Actual 

range of individual scores is listed for recent semesters. 

Semester (Number of 

students) 

Mean Total Paper  

(Range 0-15) 

Poster 

 (Range 0-20) 

Oral 

 (Range 0-25) 

Fall 2009 (6)  12.8 (7.3 – 17.6) 17.1 (12 – 23.2) 

Spring 2010 (21) For 9 total, 12.4 15.2 (7.75 – 19.5) 19.8 (12-23.2) 

    

*Fall 2008 (16) 13.3  (9-15) 18.31 (12 – 20) 21.75  (10 – 25) 

Spring 2009 (18) 12.6  (9 – 14.5) 14.8  (8.5 – 17.8) 19.4 (10.4 – 23.7) 

    

Spring 2006 (20) 11.8 17.0 20.6 

Spring 2007 (20) 12.2 15.3 19.2 

*Fall 2007  (10) 12.5  (11 – 15) 15.9  (12 – 19) 19.1  (16 – 24) 

*Scores from only one faculty member, the senior seminar instructor.  Scores from Spring 2006 

Spring and Fall 2009, and Spring 2010 were averages of four or more faculty member evaluations. 
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 Figure 2.  Mean scores for posters presented by students in Senior Seminar for five different 

semesters.  Total possible was 20 points, with five points for each category of the rubric. 

 

 For the oral presentations, the department set a goal for a minimum total average of 20/25 to 

achieve a “green light”.  This goal was only achieved in two of the evaluated semesters (Fig. 3).  

Neither Fall 2009 nor Spring 2010 presentations averaged 20 or higher, and only 11/32 individual 

scores were over 20.  Clearly, we need to improve student preparation for their professional 

presentations.  It is possible our criterion of 20/25 is too high. 
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Figure 3.  Mean scores on departmental rubrics for oral presentations in Senior Seminar for five 

different semesters.  Total possible points was 25 for the presentation. 

 

 

Secondary Education Program 

 All secondary education students must complete 10 Candidate Assessments, as well as some 

program assessments specific to biology.  These assessments are a part of the education courses in 



were only tangentially related to evolution.  In the fall of 2008, the department decided that the 

questions on names of scientists addressed memory, not concepts, so we removed them. The final 

version (Appendix A) is what we began using Fall 2008 at the beginning and end of BI 105, 

Ecology and Evolution, at the end of the second semester in BI 108 and during senior seminar 

course BI 481 or 482.   Faculty efforts to incorporate evolution into their courses will be judged by 

the course syllabus.  All syllabi should contain specific examples of how the concept evolution will 

be applied, and are assessed by department chair.    

Biology Secondary Education students must pass the evolution test, and are given a second 

chance after study (only their first attempt is included in our assessment report). It is often the allied 

health track students who fail the evolution test, and these students typically have not taken upper 

level organismal courses.  Our requirement for all students to take one upper level course in each of 

six areas of biology should improve the mastery of evolutionary biology for those students.   Also, 

until fall 2007, allied health majors were not required to take genetics and cell and molecular 

biology, in which concepts of evolution are further examined and applied.   Many of these students 

became overly focused on human systems and did not have a broad background in biology.  Our 

changes in the departmental curriculum should allow students to specialize without overly limiting 

their exposure to the field. 

Goal #2 – The first step in completing this goal was to develop a list of courses that provide 

meaningful exposure to the six areas of emphasis in Biology (shown in Appendix B).   We 

submitted our curricular changes to the Division of Natural Sciences and Mathematics and to the 

College of Arts and Sciences for approval in November 2006, and began to use the new 

requirements for biology majors entering in the Fall of 2007.  We have developed a check sheet to 

be included in the advising folder of each student.  It will be the annual responsibility of the 

academic advisor to check the progress of advisees to be certain they are in compliance both for 

exposure and grades. The number of students falling below a C- in the content area courses will be 

used to assess our effectiveness in giving the students the exposure they need.  Adding a field test 

from ETS should also improve our assessment.    

 The requirement for each student in each program to succeed in at least one course in each 

of the six content areas should allow more breadth in the program choices of our students.  Because 

it is difficult for the Allied Health students to work in a course in the ecology content area, we have 

approved our summer immersion course in Field Ecology to count in the ecology area for Allied 

Health. 

 We have also added the biology content course of the Educational Testing Service, and can 

use it to compare performance of our students with students across the nation.  The test is taken 

during senior seminar, and will count for 10% of the senior seminar grade.  The department-

generated Evolution text referred to in Goal #1 also will count for 10% of the senior seminar grade. 

Goal #3—During the spring semester of 2006, we collected and evaluated the writing of seniors in 

the Senior Seminar course BI 482.  We used the results to determine the appropriate standard that 

students should meet in order to deem our teaching efforts acceptable.  We began collecting papers 

from BI 155 in the fall of 2005, and have data starting in spring of 2009 to compare freshman and 

senior papers.   These papers were evaluated and compared by the chair, using the writing rubric for 

Goal #3. 

Goal #4 – The senior seminar instructor evaluates the performance of seniors in the seminar course 

BI 481 or 482 using the evaluation rubrics on oral presentations, posters, and papers.   

      We had all faculty participate in assessment of the posters and presentations in 2006 to develop 

our criteria, then returned to having only the senior seminar instructor score the poster and 

presentation.  Last spring, the department again focused efforts on rigorous assessment, and four to 

nine faculty members evaluated each poster and oral presentation, according to the rubrics 

developed in 2006.  The process of assessment of senior seminar performance as developed by Drs. 

Marianne Robertson and Jeffrey Hughes have allowed us to become much more objective and 

quantitative in the evaluations, and we should be able to compare performance from semester to 



semester better.  In some semesters, we have had assessments completed by only one faculty 

member, and those vary widely.  With a formalized system for departmental evaluation, semester to 

semester comparisons, and therefore rigorous assessment allowing for justification of changes in the 

curriculum, can be made. 

Another issue, which we have not adequately addressed, is the issue of consequences for 

individual failure of a student to meet the expected objectives.  Obviously if the problem is wide- 

spread, it requires adjustments in the department teaching and curriculum.  Individually, however, 

we need to formulate how students would be remediated in order to bring them up to the level 

expected by our objectives.  There is a need for early feedback to allow time for remediation.  Some 

students do excellent research with a faculty member, worthy of presentation at regional and 

national meetings, and even publication.  Others have worked entirely without a mentor, often on 

“book reports” that do not result in success.  Before we began developing firm criteria for 

performance, no student had failed senior seminar.  Since we began developing the rubrics in the 

Fall of 2005, we have encouraged three students to drop senior seminar and retake it when they 

were more prepared, five students to redo analyses and posters and present later in the semester, one 

to take an incomplete and prepare an acceptable analysis over the summer, and five students have 

failed.  Students are now required to work with a mentor throughout the preparation for senior 

seminar, and that mentoring relationship is becoming more formalized and successful. Students 

must choose a mentor before senior seminar, and work with that mentor on an annotated 

bibliography, poster revisions, practice talks, paper re-writes, etc.  We are working to ensure that all 

students have the tools needed to succeed in meeting the goals of the biology department. 

 

 

 

Report Summary  

 

Overall it appears that we have set realistic goals and that progress is being made toward achieving 

these goals.   

 Goal 1. Freshmen students demonstrated a more than 25% improvement, from 32.4% to 

80%, in their knowledge of evolutionary principles.  At the end of the next semester, 

freshman scored 70.16%.  From the test results of graduating seniors, this knowledge 

appears to be retained fairly well.   Seniors performed very similarly to the students who 

had freshly studied evolutionary principles, 71.7%.  Green light. 
Biology faculty are successfully showing how evolution is incorporated into their majors 

courses, with over 85% demonstrating how courses directly relate to evolutionary concepts. 

The only syllabi not demonstrating how the courses directly relate to evolutionary concepts, 

the human anatomy and physiology courses, were exempted. Green light. 

 Goal 2.   In the fall of 2009, biology majors took 116 upper division classes that meet the 

criteria for goal #2, with 93.9%, earning a C- or above.  In the spring of 2010, 86 upper level 

content area classes were taken, with 95.4% earning a C- or above.  There were 31 seniors, 

and only one did not successfully complete the requirements for graduation. The 

responsibility of keeping track of successful progress needs to be completed by faculty 

advisors, but is not at this time by all faculty.  Green to Yellow light. 

 Goal 3. Results assessing the critical skills of our students using scientific reports show that 

most of our seniors have developed the skills we feel are necessary for them to succeed in 

their future careers.  The average score for evaluating paper format, design and conclusions 

was 12.4 out of 15 for fall 2009 and spring 2010.  This exceeds our recently adopted, more 

rigorous minimum cutoff value of 12, which indicates we are providing satisfactory 

instruction for students to succeed in this area.   We were able to compare nine sets of papers 

from students as freshmen and seniors, and found that there was a significant mean 



improvement of 25%, and that seven improved at least 20% in their rubric scores.  The other 

two remained the same. Green light. 

 Goal 4. Average oral presentation scores for the 6 students with sufficient faculty evaluation 

in fall 2009 were 17.1, and 19.8 (of 25) for the 21 students in the spring of 2010.  Therefore, 

for both semesters scores were within yellow light criteria.  Average poster scores were 12.8 

in the fall and 15.2 (of 20) in the spring.  Yellow to Green light. 

 Although the rubrics have not been used consistently in grading, we have found that having 

them, and making them available within the syllabus for senior seminar, has made 

expectations clearer to our students and evaluation more consistent.  The responsibility for 

instructing senior seminar rotates through the department, with a different person facilitating 

each semester.  With the addition of participation of all biology faculty in the scoring 

process for assessment, we should have more consistent data that can be used for program 

planning and improvement. 

 

 

  

 

APPENDIX A 
Evolution and Natural Selection Survey – Biology Department, Spring 2009

 Name________________________ 
 

1. Natural populations of organisms that can interbreed and produce fertile young and are 
reproductively isolated from other such groups are known as ____________________________. 

2. A change in frequency of a particular trait in a population over time 
is____________________________. 

3. A particular structure, behavior, or physiological function that allows organisms possessing it to 
survive and reproduce more than individuals in the population that lack it 
_________________________________. 

4. A permanent change in a cell’s DNA, usually caused by errors in copying the DNA, that is the raw 
material for evolution__________________________ 

5. A structure with similar function but different ancestral origins is a(n)_________________________ 
structure. (Example: bee’s wings and bird’s wings)    

6. A structure that no longer has a function in an organism, that has a function in related organisms, is 
a(n)_______________________________structure.  (Example: pelvic bones in whales) 

7. What is the mechanism of adaptive evolution?__________________________________ 
8. The apparent similarity between marsupial mammals in Australia and ecologically equivalent 

mammals in other parts of the world is an example of __________________________ evolution.    
9. The five major mechanisms of evolution are:     

__________________________  __________________________ 
__________________________  __________________________ 
__________________________ 

      10. What TWO evolutionary mechanisms play a major role in resistance to    
  HIV?________________________ and ____________________________. 
 11. A type of natural selection that acts to eliminate one extreme from an array of  
  phenoptypes is called__________________________________ selection. 

12. A type of natural selection that eliminates intermediate phenotypes while favoring both extremes is 
called _________________________ selection. 

13. The evolutionary history of an organism, represented in the form of an evolutionary tree, is called 
_______________________________. 

14. The genetic contribution of an individual to succeeding generations, a relative term comparing the 
contribution of one individual to others in a population gene pool 
______________________________. 

15. The advantage of sexual reproduction over asexual reproduction is that sex generates 

_____________________________  

 (which makes evolution by natural selection possible) and asexual does not. 

16.  The ___________________________________ Theory suggests that chloroplasts and mitochondria of 

eukaryotic cells were derived from bacteria living in other bacteria. 





 APPENDIX B 

    

Biology 
Content 
Category 
Courses   

      

     Fall 2007 





Appendix C.  Examples of posters. 

 


