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Biology Assessment Plan Spring 2019 

Task: Revise the Biology Program Assessment plans with the goal of developing a sustainable continuous 
improvement plan. In order to revise the program assessment plan, we have been asked by the 
university assessment committee to revise our Students Learning Outcomes (SLOs) and Program 
Learning Outcomes (PLOs).  
 
Proposed revisions 
Approach: A large community of biology educators have converged on a set of core biological concepts 
with five core concepts that all biology majors should master by graduation, namely 1) evolution; 2) 
structure and function; 3) information flow, exchange, and storage; 4) pathways and transformations of 
energy and matter; and (5) systems (Vision and Change, AAAS, 2011). Aligning our student learning and 
program goals with Vision and Change (V&C) provides many advantages. For example, the V&C 
community has recently published a programmatic assessment to measure student understanding of 
vision and change core concepts across general biology programs (Couch et al. 2019). They have also 
carefully outlined student learning conceptual elements (see Appendix A). Using the proposed 
assessment will allow us to compare our student learning profiles to those of similar institutions across 
the country. 
 
Revised Student Learning Objectives 
 

SLO 1. Students will demonstrate an understanding of core concepts spanning scales from molecules 
to ecosystems, by analyzing biological scenarios and data from scientific studies. Students will 
correctly identify and explain the core biological concepts involved relative to: biological 
evolution, structure and function, information flow, exchange, and storage, the pathways and 
transformations of energy and matter, and biological systems. 

 

 More detailed statements of the conceptual elements students need to master are presented in 
appendix A. 

SLO 2. Students will select and competently use laboratory equipment, field equipment, and 
technologies to collect and manage data, consistent with professional expectations in the 
biological sciences. 

SLO 3. Students will demonstrate the ability to ask and answer questions in the biological sciences by 
applying the process of science to designing and conducting experiments. To this end, 
students will appropriately use models and simulations, construct explanations based on 
evidence derived from the analysis of data, and explain the interdisciplinary nature of science 
as appropriate. 

SLO 4. When given problems or proposing, designing and analyzing biological research questions, 
students will demonstrate competency in critical thinking, quantitative, analysis and oral and 
written communication skills essential to career development in the biological sciences by 
presenting their work both orally and in writing in a manner consistent with professional 
expectations.    

 

 



Biological Sciences Department  2 
	

ASSESSMENT:  
Assessment: In the spring of every academic year, the assessment committee will propose and the 
department will vote to approve the following: one of the core competencies to be assessed the 
following year, 2) the course(s) from which the data will be collected (which are expected to vary 
depending on the specific skill chosen). Data will be collected using university approved rubrics for 
critical thinking, quantitative skills, information skills, and communication skills. 
 

SLO 1.  Students will demonstrate understanding of core biological concepts by analyzing biological 
scenarios and data from biological studies to correctly identify and explain the core biological 
concepts involved, spanning scales from molecules to ecosystems, relative to biological 
evolution; structure and function; information flow, exchange, and storage; the pathways and 
transformations of energy and matter; and biological systems. 

 
Courses where SLO is addressed. Every course in the program contributes to this SLO.  
 
Assessment: Every year we will assess students in our program at three time points: at the beginning of 
the introductory series for majors, at the end of the introductory series for majors, and in an upper level 
course typically taken near graduation.  
  Pre‐program: Beginning of Bio 1210 (every fall) 
  End of introductory series: End of Bio1220 (every spring) 

Before graduation (every spring) every year in one of the following courses.  

 Bio 4320/L Molecular Biology Techniques 

 Bio 4460 Physiology II 

 Bio 4020 Developmental biology 

 Bio 4380 Bioinformatics 

 Bio 4480 Plant physiology 

 Bio 3250/L Ecology lab    

 
Assessment tool: GenBio‐MAPS: A Programmatic Assessment to Measure Student Understanding of V&C 
Core Concepts across General Biology Programs. (Couch, Brian A., Christian D. Wright, Scott Freeman, 
Jennifer K. Knight, Katharine Semsar, Michelle K. Smith, Mindi M. Summers, Yi Zheng, Alison J. Crowe, 
and Sara E. Brownell. "GenBio‐MAPS: A Programmatic Assessment to Measure Student Understanding 
of Vision and Change Core Concepts across General Biology Programs." CBE—Life Sciences Education 18, 
no. 1 (2019): ar1). See Appendix C for the assessment. 
 

SLO 2. Students will select and competently use laboratory equipment, field equipment, and 
technologies to collect and manage data, consistent with professional expectations in the 
biological sciences. 

 
Courses where SLO is addressed. Every course in the program with a laboratory designation contributes 
to this SLO.  
 
Every three years, collect data to assess this SLO from the classes, below. 

 Bio 4180/L ‐ Marine Ecology 

 BIO 4320/L Molecular Biology Techniques  

 Bio 4450/L‐ Physiology I 
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 Bio 4480/L Plant physiology   

 Bio 4020/L Developmental biology  

 BIO 4490/L Marine Botany 

 BIO 4570/L Plants and the Environment 

 BIO 4800/L Entomology 

 BIO 4820/L Biology of Fishes 

 BIO 4680/L Microbial Ecology 
 
Assessment tools: University‐approved rubrics for Core competencies and Strategic Vision and a rubric 
similar to the Rubric for General Education Outcome IIa (Scientific Reasoning). Scored by instructors for 
~25% of randomly selected students. Instructors of these courses will receive training on assignments 
that can be used for the assessment and training on the rubric. 

 

SLO 3. Students will demonstrate the ability to ask and answer questions in the biological sciences by 
applying the process of science to designing and conducting experiments. To this end, 
students will appropriately use models and simulations, construct explanations based on 
evidence derived from the analysis of data, and explain the interdisciplinary nature of science 
as appropriate. 

 
Courses where SLO is addressed. Every course in the program with a laboratory designation contributes 
to this SLO. 
 
Every three years, collect data to assess this SLO from the classes, below. 
 

 Bio 4180/L Marine Ecology 

 BIO 4320/L Molecular Biology Techniques  

 Bio 4450/L Physiology I 

 Bio 4480/L Plant physiology   

 Bio 4020/L Developmental biology  

 BIO 4490/L Marine Botany 

 BIO 4570/L Plants and the Environment 

 BIO 4800/L Entomology 

 BIO 4820/L Biology of Fishes 

 BIO 4680/L Microbial Ecology 

 

Assessment tool: University‐approved rubrics for Core competencies and Strategic Vision and a 
rubric similar to the Rubric for General Education Outcome IIa (Scientific Reasoning). Scored 
by instructors for ~25% of randomly selected students. Instructors of these courses will 
receive training on assignments that can be used for the assessment and training on the 
rubric. 

 

SLO 4. When given problems or proposing, designing and analyzing biological research questions, 
students will demonstrate competency in critical thinking, quantitative, analysis and oral and 
written communication skills essential to career development in the biological sciences by 
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presenting their work both orally and in writing in a manner consistent with professional 
expectations.   

 
Every three years, collect data to assess this SLO from the classes, below. 

 

 Bio 4180/L ‐ Marine Ecology 

 BIO 4320/L Molecular Biology Techniques  

 Bio 4450/L‐ Physiology I 

 Bio 4480/L Plant physiology   

 Bio 4020/L Developmental biology  

 BIO 4490/L Marine Botany 

 BIO 4570/L Plants and the Environment 

 BIO 4800/L Entomology 

 BIO 4820/L Biology of Fishes 

 BIO 4680/L Microbial Ecology 
 

Assessment tool: University‐approved rubrics for Core competencies and Strategic Vision. Exit survey 

from students applying for graduation. The survey will ask students about the extent to which they think 

the program prepared them for a future in the biological sciences. The assessment committee will 

develop this new survey. 
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Proposed Revised Program Learning Objectives 
 

Program Learning Outcome 

Biological Science, B.S. 
Student Learning Outcome 

PLO1: Graduates will 

demonstrate mastery in 

understanding and applying 

major biological concepts.  

SLO 1. Students will demonstrate an understanding of 
core concepts spanning scales from molecules to 
ecosystems, by analyzing biological scenarios and 
data from scientific studies. Students will 
correctly identify and explain the core biological 
concepts involved relative to: biological 
evolution, structure and function, information 
flow, exchange, and storage, the pathways and 
transformations of energy and matter, and 
biological systems.  

PLO2: Graduates will be able to 

competently apply scientific 

knowledge and skills to new 

problems and challenges, 

including conducting biological 

inquiries, and apply the 

processes of science consistent 

with professional expectations.  

SLO 2. Students will select and competently use 

laboratory equipment, field equipment, and 

technologies to collect and manage data, 

consistent with professional expectations in the 

biological sciences. 

SLO 3. Students will demonstrate the ability to ask and 

answer questions in the biological sciences by 

applying the process of science to designing and 

conducting experiments. To this end, students will 

appropriately use models and simulations, 

construct explanations based on evidence derived 

from the analysis of data, and explain the 

interdisciplinary nature of science as appropriate. 

PLO3: Graduates will pursue 

careers or advanced degrees in 

biological sciences, or degrees 

in related disciplines, leading to 

professional careers.  

SLO 4. When given problems or proposing, designing and 

analyzing biological research questions, students 

will demonstrate competency in critical thinking, 

quantitative, analysis and oral and written 

communication skills essential to career 

development in the biological sciences by 

presenting their work both orally and in writing in 

a manner consistent with professional 

expectations.   
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Appendix A. From  “Conceptual Elements: A Detailed Framework to Support and Assess Student 
Learning of Biology Core Concepts” Cary and Branchaw, 2017 
 

Core Concepts  Conceptual Element 
Pathways and 
transformations of energy 
and matter (PTEM) 

PTEM1: Energy is neither created nor destroyed, but can be transformed 
from one form to another to generate biological activity. 

Pathways and 
transformations of energy 
and matter (PTEM) 

PTEM2: Input of energy, which can be from different sources, is needed 
to build and maintain biological entities, thereby lowering entropy in the 
system. 

Pathways and 
transformations of energy 
and matter (PTEM) 

PTEM3: Biological entities harness potential energy stored in 
electrochemical gradients and released from chemical reactions. 

Pathways and 
transformations of energy 
and matter (PTEM) 

PTEM4: Matter is recycled through the rearrangement of chemical 
bonds in biological entities. 

Pathways and 
transformations of energy 
and matter (PTEM) 

PTEM5: Biological entities regulate the synthesis, storage, and 
mobilization of biological compounds to meet energy demands. 

Pathways and 
transformations of energy 
and matter (PTEM) 

PTEM6: Many chemical elements can serve as electron donors and 
acceptors to drive biological processes. 

Pathways and 
transformations of energy 
and matter (PTEM) 

PTEM7: Matter can transfer between the abiotic and biotic components 
of biological systems. 

Information flow, exchange, 
and storage (IFES)  

IFES1: Information exists in many forms and is relayed within and across 
biological molecules, cells, tissues, organisms, populations, and 
ecosystems. 

Information flow, exchange, 
and storage (IFES)  

IFES2: Genetic information is stored in nucleic acids (DNA and RNA); 
epigenetic information is stored in proteins that associate with DNA and 
in reversible DNA modifications. 

Information flow, exchange, 
and storage (IFES)  

IFES3: The process of protein synthesis results from the flow of genetic 
information through various pathways. 

Information flow, exchange, 
and storage (IFES)  

IFES4: Information from the environment regulates protein synthesis 
and activity, which control cellular processes and thereby organismal 
and population‐level activity. 

Information flow, exchange, 
and storage (IFES)  

IFES5: Organisms transmit genes and epigenetic information to their 
offspring 

Structure and function (SF)  

SF1: Biological structures from the molecular to the ecosystem scale, and 
their interactions are determined by chemical and physical properties 
that both enable and constrain function. 

Structure and function (SF)  
SF2: Individual structures can be arranged into organized units that 
enable more complex functions. 

Structure and function (SF)  

SF3: Structural features of biological entities undergo changes during 
development that are determined by the regulation of gene expression. 
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Structure and function (SF)  

SF4: Structural features are dynamic and modifications can be made in 
response to environmental changes that are compensatory to restore 
lost function or noncompensatory to eliminate functions that are no 
longer needed. 

Structure and function (SF)  

SF5: Comparable changes in structure can have small or large effects on 
function, depending on the spatial location. 

Evolution (E) 
E1: All living organisms share common ancestors at some time in the 
past. 

Evolution (E) 
E2: The phenotypes of living organisms result from the gain and loss of 
traits along their lineage. 

Evolution (E) 

E3: Genetic variation within a population can be generated by mutation, 
which results in the generation of novel traits, and by sexual recombina‐
tion, endosymbiosis, and horizontal gene transfer. 

Evolution (E) 

E4: Phenotypes, based upon underlying genotypes and environmental 
factors, can be subject to selective pressure. 

Evolution (E) 

E5: Organisms have greater fitness if they have a phenotype that 
increases their ability to survive and reproduce in a particular 
environment. 

Evolution (E) 

E6: Populations are composed of individual organisms that vary in their 
fitness, leading to differential rates of survival and reproduction and 
therefore changes in allele frequency over time. 

Evolution (E) 

E7: Evolution in a population may be due to events not related to fitness, 
including genetic drift and gene flow. 

Evolution (E) 

E8: The rate of evolutionary change varies and is influenced by many 
factors, including mutation rate, generation time, and environmental 
variation. 

Evolution (E) 

E9: Speciation occurs when subpopulations can no longer exchange 
genetic material, allowing them to diverge over time in their 
physiological and ecological traits. 

Systems (S)  

S1: Biological entities interact through chemical and physical signals that 
can be transient, depend on spatial organization, and are influenced by 
environmental factors. 

Systems (S)  

S2: Changes in one component of a biological system can affect or be 
regulated by other components of the same system. 

Systems (S)  

S3. Biological systems can be defined at different scales, interact within 
and across scales, and together form complex networks. 

Systems (S)  
S4: Biological systems include and are affected by biotic and abiotic 
factors in the environment. 

Systems (S)  
S5: Interactions between and among biological entities can generate 
new system properties. 
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Appendix B. Existing PLOs and SLOs and feedback from university assessment committee. 

SLOs & PLOs as proposed in 2018 
 

Program Learning 
Outcome 

Biological Science, B.S. 
Student Learning Outcome 

 

 

PLO1: Demonstrate mastery 
of major biological concepts, 
methods and technologies.  

1.Graduates will demonstrate mastery of major 
biological concepts relative to shared fundamental 
features and processes of all living organisms, the 
diversity of life forms, and the relationships between 
living organisms and their environment. 

 

2. Graduates will demonstrate mastery of major 
biological methods and technologies that help 
advance research and development in the field of 
biological sciences.  

 

PLO2: Apply acquired 
knowledge and skills to solve 
problems and challenges in 
the field of biological 
sciences.  

3. Graduates will demonstrate an ability to analyze a 
given scientific problem in a specific major of 
interest and identify solutions.   

4. Graduates will demonstrate an ability to ask 
questions in a specific major of interest and apply 
scientific methods to the design and conduct of 
experiments to address the questions.  

 

PLO3: Pursue careers or 
advanced degrees in 
biological sciences, or 
degrees in related disciplines 
leading to professional 
careers.  

5.Recognize professional responsibilities and the 
academic preparation and training that it entails 
through career and professional advising.  

6.Function effectively in a team engaged in activities 
pertaining to specific career appropriate to the 
program's discipline, such as field trips, internships 
and research experiences. 
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Feedback from Office of Assessment and Program Review, November 2018 
SLOs 

Should be Amended Notes 
Program SLOs are  missing one or more of the 
following: clarity, specificity and/or 
measurability. There may be too may SLOs to 
be actionable and meaningful. 

Your student learning outcomes need to reflect 
what a student will be able to accomplish.  Each 
sentence should read…Student will be able 
to….They also need to be measurable.  Feel free 
to contact Seema to help develop measurable 
learning outcomes. 

 
Feedback from Office of Assessment and Program Review, November 2018 on proposed assessment 
plan 
 

Should be Amended Notes 

The timeline presented is not sustainable.  Not 
enough time to evaluate student learning and/or 
develop strategies for continuous improvement.  
Or the plan does not show how over the time 
period the program can have continuous 
improvement. 

It seems that the timeline provided suggest 
collecting data each year.  This may be quite time 
consuming.  It is recommended that each year you 
collect data on 2 SLOs. This will allow the 
department to reflect on the data, make changes 
and re-evaluate two years later after a change has 
been made.  This will also help faculty not find 
assessment as a constant ask. 

  
Feedback from Office of Assessment and Program Review, November 2018 on proposed assessment 
plan 
 

 
Should be Amended Notes 

The PLOs do not describe what a graduate will 
achieve. They are vague and do not provide 
discipline specific core themes. 

Think of the PLOs as the program overall all 
goals. Graduate will be able to….  Some of your 
PLOs seem appropriate.  Also remember they 
need to reflect the core theme of the program. 

 
   



































































32 

GBM-44  

 

ATP is produced when glucose is metabolized in cells.  In addition to being a product of metabolism, ATP serves as both 

a substrate and as a regulator for one of the enzymes involved in glucose metabolism.  This enzyme has two sites where 

ATP binds: an active site where the reaction required for glucose metabolism occurs and a regulatory site.  ATP binding 

to the regulatory site blocks the enzyme’s activity.  

 

 
 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements.    

 

a)  T/F At low cellular ATP concentrations, ATP is more likely to be bound to the active site than the regulatory site. 

b)  T/F At high cellular ATP concentrations, the glucose oxidation pathway will speed up. 

c)  T/F At high temperatures, ATP will bind to the regulatory site longer. 

d)  T/F ATP binding to the regulatory site likely induces a change in the structure of the active site. 

e)  T/F The regulatory site and the active site have identical structures because they both bind ATP. 

 

 

Knowledge statements 

 

a)  For an enzymatic reaction to proceed, the substrate must be able to bind the active site.  If the substrate can also serve 

as an allosteric inhibitor, the active site must have a higher affinity than the regulatory site for the substrate otherwise 

the forward reaction would have a low probability of occurring.   

b)  At high ATP concentrations, the regulatory site would become saturated with ATP, and the glucose oxidation pathway 

would slow down.    

c)  Increased thermal energy causes increased molecular movement leading molecules to dissociate more readily. 

d)  Binding of a ligand to an allosteric regulatory site induces a change in the structure and activity of the active site. 

e)  Common functions can be achieved by different structures.      



33 

GBM-45  

 

The drawing below shows the shoot and root systems for different species of grassland plants.  

 

 
 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements.    

 

a)  T/F To transport water from the soil to leaves, species with deep roots must expend more energy than species with 

shallow roots.  

b)  T/F Sugars found in the roots of these plants have been primarily transported from the leaves. 

c)  T/F If two root systems have the same total surface area, less sugar can be stored in a system of many thin roots versus 

a few thick roots. 

d)  T/F The shallow root system found in Species A is advantageous in soils that have low oxygen levels.  

e)  T/F Species with deep root systems like those found in Species C will likely outcompete species with shorter root 

systems in habitats with frequent, light rains that do not penetrate the soil deeply.  

 

 

Knowledge statements 

 

a)  Evapotranspiration from leaves draws water from the roots towards the leaves of a plant.  This process does not require 

the plant to expend energy. 

b)  Sugars are synthesized in the leaves of plants during photosynthesis and transported to the roots. 

c)  For two structures with the same volume, an irregularly shaped structure will have a greater surface area than a 

structure that is closer to spherical.  Thus, for two structures with the same surface area, an irregularly shaped structure 

will have less volume than a structure that is closer to spherical.  Structures that are closer to spherical provide the 

greatest amount of volume for a given surface area. 

d)  Roots require the absorption of oxygen to support cellular respiration.  In soils with low oxygen levels, oxygen will 

form a gradient with highest concentrations being located closest to the surface.  In these habitats, plants with roots that 

reside near the surface will have a fitness advantage because they can more readily access the limited oxygen.     

e)  In habitats where water does not deeply penetrate the soil, species that have shallow roots will likely outcompete 

species with deep roots because plants with shallow roots will have greater access to water and plants with deep roots 

will have invested energy and matter into their deep roots while gaining no additional water access.       
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Many marine bacteria have a protein called proteorhodopsin in their plasma membranes.  Absorption of light causes 

proteorhodopsin to change shape and move protons from inside the cell to outside the cell.   

 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements. 

 

a)  T/F These marine bacteria do not require ATP. 

b)  T/F Proteorhodopsin transforms light energy into electrochemical energy in the form of a proton gradient. 

c)  T/F Over time, proteorhodopsin has likely evolved to be 100% efficient under optimal conditions of light, 

temperature, and pH.   

d)  T/F These marine bacteria would likely grow faster in the presence of a molecule that increases the permeability of 

their plasma membranes to protons. 

 

 

Knowledge statements 

 

a)  Organisms require ATP to drive energetically unfavorable reactions. 

b)  Light energy can be transformed into an electrochemical gradient through the movement of charged species across a 

membrane.   

c)  Chemical reactions are not 100% efficient, and some amount of energy is lost as heat in every reaction. 

d)  Energy can be stored in the form of a gradient.  To maintain an electrochemical gradient across a membrane, the flow 

of atoms and molecules across the membrane must be regulated. 
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The figure below shows a cross-sectional view of a lake.  The arrows in the diagram below indicate how phosphorus 

moves through the lake.  Phosphorus is a growth-limiting nutrient for the organisms in this ecosystem, meaning that 

adding phosphorus results in their increased growth.  For the statements below, assume that no organisms enter or leave 

the lake ecosystem. 

 

 
 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements.    

 

a)  T/F Phosphorus in the lake water could be incorporated into the newly synthesized DNA of a plant in the lake.  

b)  T/F All of the phosphorus in the lake will likely eventually be permanently deposited in the sediments. 

c)  T/F Continually adding excess amounts of phosphorus to the lake will eventually lead to a decrease in average oxygen 

levels in the lake. 

d)  T/F An increase in the release of phosphorus from sediments back into solution could result in a short-term increase in 

the population size of predators. 

e)  T/F A phosphorus atom found in a predator could not become part of a plant in the lake. 

 

 

Knowledge statements 

 

a)  The surrounding environment provides the matter for an organism to grow.  Phosphorus is incorporated into DNA in 

the form of the nucleotide phosphate groups. 

b)  Nutrients constantly cycle throughout an ecosystem.  In this case, phosphorus that becomes deposited in sediments can 

return to solution. 

c)  Cellular respiration consumes oxygen.  An increase in phosphorus will lead to an increase in the number of respiring 

organisms in the lake, which will lead to a decrease in lake oxygen levels. 

d)  An increase in the bioavailability of a nutrient-limiting resource will lead to an increase in the population size of 

organisms that utilize this resource.  In this case, an increase in soluble phosphorus will lead to an increase in plants 

and algae as well as an increase in organisms that use plants and algae as a direct or indirect food source. 

e)  Matter cycles throughout an ecosystem.  Chemical elements can be transferred between biotic and abiotic components 

in an ecosystem through different processes, including decomposition, predation, and nutrient acquisition.    
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Air and water are exchanged through openings in plant leaves called stomatal pores.  Guard cells that surround the 

stomatal pores regulate the size of the opening in response to the hormone ABA.  In response to low humidity, ABA 

levels increase in guard cells causing the stomatal pores to close.  The diagram below shows the first steps in the ABA 

signal transduction pathway leading to stomatal closure.  ABA binding to its receptor results in an increase in Ca2+, which 

in turn opens Cl- channels that allow the movement of Cl- out of the cell.   

 

 
 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements.    

 

a)  T/F All else being equal, plants with larger stomatal pores are more adapted to low humidity environments than plants 

with smaller stomatal pores. 

b)  T/F An increase in free cytosolic Ca2+ in guard cells in the absence of ABA would likely cause stomatal pores to 

close. 

c)  T/F A decrease in Cl- concentration in guard cells would be expected to lead to an increase in water movement across 

the guard cell membrane and into the guard cells. 

d)  T/F Movement of Cl- ions out of the guard cell will initially make the membrane potential more positive.  

 

 

Knowledge statements 

 

a)  The flux of material through an opening depends on the size of the opening.  Plants with smaller stomata will have 

decreased flow of water out of stomata and increased adaptation for dry climates. 

b)  Secondary messengers do not have specificity for particular downstream pathways.  As a result, an increase in a 

secondary messenger will initiate downstream responses, even in the absence of specific upstream signals.  

c)  Osmosis will result in the net movement of water into an area of greater solute concentration.   

d)  Membrane potential is achieved through establishment of an electrochemical gradient.  Cells at resting membrane 

potential have a net negative charge on the inside of the cell and a net positive charge on the outside of the cell.  Under 

this condition, membrane potential is considered negative.  Moving negative charges to the outside of a cell will 

decrease the charge imbalance and lead to a more positive membrane potential.   
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Corn plants have several different responses after being damaged by moth larvae.  Damaged cells in the corn plant produce 

a hormone called Hormone X.  Hormone X diffuses to other tissues in the plant and triggers the production of compounds 

called protease inhibitors that help the plant defend against moths.  Damaged corn plants also release Hormone X into the 

air.  Hormone X is sensed by other corn plants that respond by producing protease inhibitors.  Corn plants also release 

Chemical Y into the air in response to damage by moth larvae.  Chemical Y is only produced by corn plants.  Female wasps 

respond to Chemical Y by laying eggs in the moth larvae, eventually killing them.  The wasps only parasitize moth larvae, 

and this species of moth larvae only eats corn plants.   

 

 
 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements. 

 

a)  T/F A corn plant growing near a corn plant that has been damaged by moths is likely to be more resistant to moth 

attacks than a corn plant growing far from any damaged plant. 

b)  T/F Eliminating corn plants from this system would likely cause a reduction in the wasp population. 

c)  T/F Corn plants that produce protease inhibitors all the time are likely to have increased fitness compared to corn 

plants that produce protease inhibitors only in response to moth attacks. 

d)  T/F If a subpopulation of these wasps evolved to prey on a different moth species found on other plants, these wasps 

could lose the ability to recognize Chemical Y after many generations.  

e)  T/F Female wasps likely express a receptor that binds to Chemical Y. 

 

 

Knowledge statements 

 

a)  Damaged corn plants release a hormone into the air that elicits a protective response in neighboring corn plants.  

Diffusion will cause this signal to be more concentrated around the damaged plant and less concentrated at more 

distant sites.    

b)  If Species A serves as a host site for larvae that are consumed by species B, then a loss of species A will likely cause a 

reduction in the Species B population. 

c)  Constitutive production of the defense system in the absence of a predator represents an energetic cost without 

additional benefit.  Thus, organisms that are able to turn on defense systems only in response to predation are likely to 

have a fitness advantage over organisms that produce the defense system constitutively.   

d)  If a biological structure no longer confers an evolutionary advantage, that structure could be lost from a population 

over time, particularly if the structure has additional energetic cost without corresponding benefit.   

e)  Signaling molecules typically initiate a response by binding to a receptor.   
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There are two species of mountain lizards: S. graciosus and S. occidentalis.  The table shows the minimum and maximum 

temperatures tolerated by each lizard species.  The figure shows where these two species are found on a mountain.  The 

black lines and numbers indicate the average minimum and maximum air temperatures at different elevations on the 

mountain in a typical year.  For the statements below, assume that (1) both species of lizards rely on the same resources, 

(2) all of the shared resources are limited and evenly distributed across the mountain, and (3) aside from temperature, the 

abiotic and biotic environment is similar at all elevations. 

 

 
 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements. 

 

a)  T/F Removing S. occidentalis from the mountain would likely enable S. gracious to rapidly expand its habitat to 

include lower elevations.  

b)  T/F Removing S. graciosus from the mountain would likely enable S. occidentalis to rapidly expand its habitat to 

include higher elevations.  

c)  T/F If an allele arises in the population of S. graciosus that increases the maximum temperature individuals can 

tolerate, the fitness of S. occidentalis lizards would likely be unaffected.  

d)  T/F If the average minimum and maximum temperatures at all elevations on the mountain increased by 30C, but the 

thermal tolerance of the lizards did not change, the area of the mountain inhabited by S. graciosus would likely 

decrease.  

 

 

Knowledge statements 

 

a)  Species distributions can be limited by abiotic factors, such as temperature.  In this case, removing S. occidentalis does 

not affect S. graciosus, because the range of S. gracious is limited by temperature.  

b)  Species distributions can be limited by biotic factors, such as competition with other species.  In this case, removing S. 

graciosus affects S. occidentalis, because the range of S. occidentalis is likely limited by competition with S. graciosus.  

c)  Species distribution can be limited by biotic factors, such as competition with other species.  In this case, expansion of 

S. graciosus into lower elevations would likely decrease the range of S. occidentalis, because S. graciosus already 

outcompetes S. occidentalis at higher elevations.  

d)  Species distribution can be limited by abiotic factors, such as temperature. Species with a narrower thermotolerance 

range are likely to be more dramatically impacted by climate change.  In this case, an increase in temperature would 

cause maximum temperatures to occur at higher elevations.  Since S. graciosus range is limited by temperature, this is 

likely to cause S. graciosus to be unable to survive at lower elevations where it previously lived.       
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Researchers established four test plots in a grassland area.  Each plot was one square meter in size and was planted with 

100 seeds of either a single grass species (Plot A) or an increasing number of different grass species (Plots B, C and D).  

At the end of one growing season, the total plant biomass from each plot was harvested and measured.  The results are 

shown in the table below.  Biomass refers to an organism’s total mass, excluding water. 

 

 
 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements. 

 

a)  T/F Increased species diversity correlates with decreased productivity. 

b)  T/F Once one plant is infected by a pathogen, the entire plant community in Plot A is likely to be more susceptible to 

spreading of that pathogen than the entire plant community in Plot D. 

c)  T/F The increase in biomass that occurs as a plant grows in any of these plots comes primarily from carbon dioxide. 

d)  T/F The increased biomass observed in Plot D compared to Plot A could be explained by different species using 

resources differently. 

e)  T/F An ecosystem similar to Plot D would likely support a more diverse community of consumers than an ecosystem 

similar to Plot A.   

 

 

Knowledge statements 

 

a)  Increased species diversity enables increased biomass for a given area because different species are able to exploit 

resources differently and thereby enable more complete usage of available resources. 

b)  Increased species diversity provides greater resistance to the spread of pathogens because there are more likely to be 

species present that are resistant to a given pathogen. 

c)  Plant biomass largely derives from carbon dioxide that is fixed during photosynthesis. 

d)  Increased species diversity enables increased biomass for a given area because different species are able to exploit 

resources differently and thereby enable more complete usage of available resources. 

e)  Increased species diversity among primary producers enables increased species diversity among consumers because it 

provides a broader range of food sources for different specialist consumers. 
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Human Hormone F is a peptide hormone that causes increased heart rate in humans.  When human Hormone F is injected 

into a mouse’s bloodstream, no changes are observed in the mouse’s heart rate.     

 

Based on this information and your knowledge about biology, select true or false for each of the following 

statements.     

 

a)  T/F The lack of response could be because Hormone F must be injected directly into heart tissue to have an effect on 

this mouse’s heart. 

b)  T/F The lack of response could result from this species of mice having genetic differences that prevent their Hormone 

F receptor from binding human Hormone F. 

c)  T/F The lack of response could result from this particular mouse having a genetic mutation that prevents expression of 

its own Hormone F.  

d)  T/F The lack of response could be because the dose of Hormone F injected was too low to observe an effect in this 

mouse. 

 

 

Knowledge statements 

 

a)  Hormones are able to circulate throughout the body and permeate into target tissues. 

b)  Orthologous proteins in different species may have functional differences based on differences in amino acid sequence. 

c)  The lack of a particular hormone in a particular organism cannot explain why a homologous hormone from a different 

species did not have an effect in this organism.  This organism could still express homologous receptors that could bind 

to the homologous hormone.     

d)  Binding of a signaling molecule to its target receptor depends on the concentration of the signaling molecule.  At low 

concentrations, there may be insufficient numbers of signaling molecules binding to their target receptors to elicit an 

observable effect. 
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Supplementary Materials 2. Demographic questions answered by students at the end of the survey. 

 

Are you 18 years of age or older? 

_____ Yes 

_____ No 

 

Note: You may choose to leave any or all of these questions blank.  Your answers will be used to better 

understand characteristics of students taking this survey.   

 

What is your current class standing? 

_____ First-year  

_____ Sophomore  

_____ Junior  

_____ Senior  

_____ Postbaccalaureate 

_____ Graduate student 

_____ Other:________________  

 

Are you a Transfer Student?      

_____ Yes  

_____ No  

 

Did you take AP Biology in high school? 

_____ Yes 

_____ No 

 

Have you declared or are you planning to declare a major in biology or another life science? 

_____ Yes 

_____ No 

 

What is your approximate current overall G.P.A.?  

_____ 0.00 – 0.69 (E or F) 

_____ 0.70 – 1.69 (D- to D+)   

_____ 1.70 – 2.69 (C- to C+) 

_____ 2.70 – 3.69 (B- to B+) 

_____ 3.70 – 4.00 (A- to A+)  

 

Gender:  

_____ Female  

_____ Male  

_____ Other  

 

Race/Ethnicity (select all that apply): 

_____ African American/Black  

_____ Asian/Asian American  

_____ Caucasian/White  

_____ Filipino 

_____ Hispanic/Latino 

_____ Native American/Alaska Native 

_____ Native Hawaiian 
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_____ Pacific Islander 

_____ Other: ________________ 

 

Did you speak English at home when you were growing up?  

_____ Yes     

_____ No 

  

Highest level of education completed by at least one of your parents: 

_____ Did not complete high school 

_____ High school/GED 

_____ Some college (but did not complete college) 

_____ Associate’s degree (2-year degree) 

_____ Bachelor’s degree 

_____ Master’s degree 

_____ Advanced graduate degree (for example, DVM, MD, PhD) 

_____ Not sure 
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Supplementary Materials 3. Course sections and total students 

for each institution grouped by Carnegie basic classification 

 Number of course sections
2 

Inst. ID
1
 

Beginning of 

intro series 

End of  

intro series Advanced 

Associate's Colleges: Mixed Transfer/Career & Technical-High 

Nontraditional 

1 2 (16)
 

1 (9) n/a 

2 4 (13) 0 n/a 

Baccalaureate Colleges: Arts & Sciences Focus 

3 2 (45) 3 (23) 4 (38) 

4 3 (38) 0 0 

5 3 (37) 0 0 

Master's Colleges & Universities: Larger or Medium Programs 

6 2 (194) 2 (156) 2 (48) 

7 2 (131) 5 (89) 9 (100) 

8 10 (74) 7 (103) 4 (20) 

9 2 (53) 3 (42) 3 (29) 

10 2 (69) 0 2 (17) 

11 1 (194) 0 0 

12 1 (63) 0 0 

Doctoral Universities: Higher or Moderate Research Activity 

13 9 (284) 9 (273) 5 (68) 

14 1 (68) 1 (58) 2 (59) 

15 9 (88) 5 (33) 3 (36) 

Doctoral Universities: Highest Research Activity 

16 2 (554) 1 (293) 8 (226) 

17 1 (321) 1 (203) 2 (150) 

18 1 (137) 3 (176) 5 (127) 

19 1 (46) 1 (172) 0 

20 0 3 (202) 0 
1
 Institutions have been given arbitrary ID numbers for the 

purpose of this display. 
2
 Numbers in parentheses indicate total number of students. 
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Supplementary Materials 4. Student class standings at different time points. Shaded bars represent the percent 

of students for each time point at the given class levels: n = 2,425 students for beginning of intro series, 1,832 

for end of intro series, and 918 for advanced time point.  
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Supplementary Materials 5. Scale reliabilities 

Model 

   subcategory 

Number of 

items 

Rasch person 

reliability 

General biology   

   Full scale 175 0.82 

Core concepts   

   Evolution 39 0.42 

   Structure function 31 0.33 

   Information flow 41 0.50 

   Matter and energy 37 0.42 

   Systems 27 0.18 

Subdisciplines   

   Molecular/cellular 86 0.72 

   Physiology 42 0.41 

   Ecology/evolution 47 0.45 
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Supplementary Materials 8. Planned interactions for linear mixed 

effects model
1 

Interaction term F(df) p 

Gender × Time Point F(2,4781.2) = 0.26 0.769 

Race/Ethnicity × Time Point F(2,4801.2) = 0.09 0.916 

Language × Time Point F(2,4801.9) < 0.01 0.996 

Parent Education × Time Point F(2,4804.4) = 0.37 0.692 

Institution × Time Point F(42,49.8) = 6.22 <0.001 
1
  Interaction terms were individually added to the model from 

Table 3 

 
 




