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Measures and Findings

Biology Program Goals and Outcomes

Outcome

Measure
The activity consisted of a comprehensive question in the final exam in MICR-M
310.

PROGRAM LEVEL; DIRECT - EXAM

Details/Description :

The performance characteristics were correct/incorrect, and the benchmark was at 70%.
The question (#29 – final exam in MICR-M 310) was the following: 
29) In wastewater treatment, there is a step in the process which is said to be “biological”.
What does this mean? What does it entail? In general, what organisms are involved and
what do they do or what happens to them? Briefly explain.

To correctly answer this question, students needed to understand that natural properties of
microorganisms enable them to transform many pollutants found in wastewater into less
toxic molecules. The process relies on microbial growth to remove/ transform
dissolved/suspended material. Microbes form either a floc or a biofilm in this process. They
consist of bacteria (aerobic and anaerobic) and grazing protozoa. Additionally, students
needed to be able to explain that these biotransformation activities are enhanced in artificial
environments (thus “human modifications of the environment”) such as activated sludge
tanks, trickling filters, and oxidation ponds. Students also needed to explain that if these
managed environments were not functioning properly, the consequence was severe
contamination of rivers or streams with wastewater (sewage), thus leading to a public
health risk. 

Acceptable Target :

The benchmark is 70%.

Implementation Plan (timeline) :

Goals 3 and 4 (Impact on Biodiversity and Unifying Principles within Biodiversity) will be
assessed again in 2019-20. It provides time to make some adjustments.

Key/Responsible Personnel :

Dr. C. Chauret - faculty in MICR-M 310.
Biology faculty for program assessment and changes.

Supporting Attachments :
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Goal 4 (Unifying Principles
within Biodiversity) 1. The
students will explain
similar/identical features of
living systems.

Components: observation,
comparison, data collection,
interpretation, evaluation.

Mapped to:

No Mapping

Findings
for The activity consisted of a comprehensive question in the final exam in
MICR-M 310.

Summary of Findings :

Overall, 17 out of 22 students (77.3%) answered correctly. Of those 4 out of 6 (66.7%)
of the biology majors answered correctly. Other majors included “biological and
physical sciences”, “biochemistry”, “secondary education”, and “allied health”. It is a
low number of biology majors (n=6), thus the data are not entirely reliable. The
benchmark of at least 70% was achieved for the entire group, but the biology majors
were slightly below that benchmark.

Acceptable Target Achievement:

Not Met

Reflections/Notes :

Low number (n=6) of biology majors were assessed. Nevertheless, we need to
address this issue in future reiteration of this course.

Substantiating Evidence :

Measure
The activity consisted of a comprehensive question in the final exam in BIOL-L
367.

PROGRAM LEVEL; DIRECT - EXAM

Details/Description :

Previous Assessment of Learning Outcome: 
This particular learning outcome was last assessed in this course in Fall 2008. That year I
performed two separate activities assessing this outcome. The first assessed the students’
ability to compare different approaches to gene regulation in prokaryotic and eukaryotic
organisms using a true/false question that required explanation of the answer the student
chose. The benchmark (70%) for students correctly answering the question was met (78%).
The second activity assessed the ability of the students to correctly interpret how cells
modify biochemical pathways involved in cellular metabolism using an applied short-
answer question. In that particular case, the benchmark (70%) was not met, with only (22%)
of students providing the correct answer. The two results show a stark contrast between the
ability to make summaries and comparisons (“Understanding” in revised Bloom’s
taxonomy) and higher aspects of learning such as differentiation and attribution (“Analysis”).
I noted in the latter case that more specific examples could be introduced through which
corollaries could be drawn by the students on similar exam questions.

II. ASSESSMENT METHOD:
A. Description of Course / Setting
I assessed the learning outcome in BIOL-L 367 Cell Physiology. This is an upper-level
course with multiple prerequisites. There were 17 students completing in the course (7
juniors and 10 seniors). The course was taught as a traditional face-to-face lecture course,
although most assignments (exams and various writing assignments) were completed via
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Canvas. In the course I emphasize learning in the “mid-section” elements of revised
Bloom’s taxonomy (“Understand” through “Evaluate”). Exams consist of numerous question
formats (multiple choice, true/false with explanation, short answer, and essay). Students
also conducted “think-pair-share exercises in applied problem solving, located research
articles on particular assigned topic and wrote summaries of those articles, and both wrote
a scientific review paper and conducted peer reviews of classmates’ review papers. 

As the cell is the fundamental structure of all living organisms, and as all cells have certain
features in common with one another, the course is particularly relevant to the learning
outcome. 

B. Assessment Tool
I evaluated student performance regarding the learning outcome with a short answer exam
question. 

Background: The evolutionary history of organisms accounts for both the characteristics
organisms share and the diversity of features among organisms. For example, all living
eukaryotic cells (cells with membrane-enclosed nuclei) either engage in aerobic
metabolism (metabolism that uses molecular oxygen as one of the reactants) or are
descended from cells that once possessed aerobic metabolism. The ability to perform
aerobic metabolism in eukaryotes comes from specific organelles in the cells called
mitochondria, which, based on a number of features, are hypothesized to have evolved from
aerobic bacteria that developed a symbiotic relationship with ancestral eukaryotes early in
the evolution of eukaryotes. A similar symbiotic relationship between a descendant of early
aerobic eukaryotes and photosynthesizing bacteria gave rise to the chloroplasts that enable
plants to photosynthesize. Although photosynthesis in eukaryotes evolved after the evolution
of aerobic metabolism (as all eukaryotes that possess chloroplasts also possess
mitochondria, but not all eukaryotes with mitochondria possess chloroplasts), it is likely that
photosynthesis first evolved in bacteria before aerobic respiration. Why? Because in order
for aerobic respiration to have evolved high concentrations of molecular oxygen would need
to have been present in the ecosystems of the planet to function as a selective pressure.
Oxygen appears to have been absent from the biosphere during the early evolution of life. As
molecular oxygen is produced as a product of photosynthesis, however, it seems that early
evolution of photosynthesis, and the subsequent proliferation of photosynthetic bacteria,
could account for the accumulation of molecular oxygen in the atmosphere. Thus a basic
sequence of events in the evolution of photosynthesis and aerobic metabolism with respect
to eukaryotes can be outlined as such:

Evolution of photosynthesis → Evolution of aerobic respiration → Evolution of mitochondria
→ Evolution of chloroplasts
As part of my content presentation I provided a brief outline of these and other significant
events in the evolutionary history of cells. I provided a presentation of this material in which I
explained that aerobic respiration likely only evolved after the evolution of photosynthesis,
and that chloroplasts evolved in eukaryotes after the evolution of mitochondria. However, I
did not go into great detail on the explanation as to why these characters evolved in the order
they did. Rather, I wanted the students to show the ability to apply paired pieces of
information (photosynthesis produces oxygen AND aerobic metabolism consumes oxygen;
all modern eukaryotes possess/possessed mitochondria AND only some eukaryotes
possess chloroplasts) in order to explain the order of these events in evolutionary history.

Exam Question: To assess the ability of the students to apply information in explaining this
sequence of events, I included two alternate short answer questions on the first exam. This
exam was administered via Canvas, and was open book.
(A) Explain why it is far more likely that aerobic respiration evolved AFTER photosynthesis
evolved as opposed to before.

OR

(B) Explain why it is more likely that eukaryotes developed mitochondria BEFORE they

 

Printed on: 05/31/2018 02:47:33 PM (EST)

https://www.taskstream.com/


developed chloroplasts.
Students were randomly assigned one of these two questions on their individual exams via
Canvas. Six students ended up receiving “Version A” of the question and the remaining 13
students in the course received “Version B”.

The correct answers were as follow, with the two key pieces of information that needed to be
addressed in the answer in boldface:
(A) Aerobic respiration likely evolved after photosynthesis because aerobic respiration is
dependent upon the presence of molecular oxygen. Photosynthesis produces molecular
oxygen, and likely served as the source of molecular oxygen in the atmosphere that would
have spurred the evolution of aerobic respiration.

(B) Mitochondria likely evolved before chloroplasts because all eukaryotes possess
mitochondria (or evolved from eukaryotes that did) but only a subset (plants) also possess
chloroplasts in addition to mitochondria.
The exercise assessed the ability of students to correctly explain the logical basis for the
hypothesized order of these evolutionary events. A simple correct/incorrect dichotomy was
used as an indicator, with a mark of “correct” entailing that BOTH key pieces of information
were included in the answer. The benchmark for the exercise was 70% answered “correct”.

Acceptable Target :

The benchmark is 70%.

Implementation Plan (timeline) :

This goal (and accompanying learning outcomes) will be assessed once again in 2019-20.

Key/Responsible Personnel :

Dr. Michael Finkler - Faculty in BIOL-L 367.
Biology Faculty are responsible for program assessment and program changes,

Supporting Attachments :

Findings
for The activity consisted of a comprehensive question in the final exam in
BIOL-L 367.

Summary of Findings :

The exam question touches on some fundamental questions regarding similar /
identical features in living organisms:

• Why are photosynthesis and aerobic respiration interdependent? (Version A)
• Why are both photosynthesis and aerobic respiration performed in both bacteria and
in eukaryotes? (Version B)
• Why do almost all eukaryotic organisms conduct aerobic respiration, but only one
subset of eukaryotes (plants) conduct photosynthesis? (Version B)

Out of 17 students, 13 (76.5%) correctly answered their question.

All students (6 out of 6) answering “Version A” answered the question correctly,
whereas only 7 out of 11 (63.6%) answering “Version B” answered it correctly. Overall,
the benchmark for the exercise was reached. However, one particular version of the
question (B), if considered alone, did not meet this benchmark. This is particularly
curious given that the rationale was not only briefly noted in my presentation but was
also explained the textbook readings, whereas the rationale for “Version A” was only
briefly discussed in my presentation and was not in the textbook readings. 
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Acceptable Target Achievement:

Met

Reflections/Notes :

Substantiating Evidence :

Measure
The activity consisted of a comprehensive question in the final exam in MICR-M
310.

PROGRAM LEVEL; DIRECT - EXAM

Details/Description :

The activity consisted of a comprehensive question in the final exam. 
The performance characteristics were correct/incorrect, and the benchmark was at 70%.
The question (#30 – final exam) was the following: 

30) Describe one plant-microbe relationships. How is that relationship initiated and
produced? What are the benefit(s) for both members? What is the microorganism’s
contribution or role?

To answer the question, students needed to understand plant-microbe interactions
especially the main ones involving symbiosis or parasitism. The students needed to be
able to describe those relationships (and their outcomes/benefits) at the cellular level and at
the organismal level. 
Overall, 17 out of 22 students (77.3%) answered correctly. Of those 4 out of 6 (66.7%) of the
biology majors answered correctly. Other majors included “biological and physical
sciences”, “biochemistry”, “secondary education”, and “allied health”. It is a low number of
biology majors (n=6), thus the data are not entirely reliable. The benchmark of at least 70%
was achieved for the entire group, but the biology majors were slightly below that
benchmark. Although there was an increase in the number of team-based learning
exercises (to address various aspects of the course), more emphasis may be needed on
having exercises that will focus more precisely on biodiversity and interrelationships. 

Acceptable Target :

The benchmark is at 70% .

Implementation Plan (timeline) :

This goal (and its accompanying learning outcomes) will be assessed once again in 2019-
20. This provides times to make changes to the program and infuse more biodiversity into
the curriculum.

Key/Responsible Personnel :

Dr. Christian Chauret - Faculty in MICR-M 310.
Biology faculty are responsible for program assessment and program changes.

Supporting Attachments :

Findings
for The activity consisted of a comprehensive question in the final exam in
MICR-M 310.
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Summary of Findings :

Overall, 17 out of 22 students (77.3%) answered correctly. Of those 4 out of 6 (66.7%)
of the biology majors answered correctly. Other majors included “biological and
physical sciences”, “biochemistry”, “secondary education”, and “allied health”. It is a
low number of biology majors (n=6), thus the data are not entirely reliable. The
benchmark of at least 70% was achieved for the entire group, but the biology majors
were slightly below that benchmark.

Acceptable Target Achievement:

Not Met

Reflections/Notes :

Although there was an increase in the number of team-based learning exercises (to
address various aspects of the course), more emphasis may be needed on having
exercises that will focus more precisely on biodiversity and interrelationships.

Substantiating Evidence :
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