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Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.79 (0.04) 3.58 (0.05) 3.73 (0.04) 3.65 (0.04) 3.81 (0.03) 3.72 (0.04)
SA: 81.5%
A: 16.9%
D: 0.5%
SD: 1.1%

SA: 64.1%
A: 31.5%
D: 2.7%
SD: 1.6%

SA: 75%
A: 22.8%
D: 2.2%
SD: 0%

SA: 70.1%
A: 25.5%
D: 3.8%
SD: 0.5%

SA: 81.0%
A: 19.0%
D: 0%
SD: 0%

SA: 73.4%
A: 25.0%
D: 1.6%
SD: 0%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.77 (0.03) 3.60 (0.04) 3.50 (0.05) 3.27 (0.06) 3.73 (0.04) 3.55 (0.05)
SA: 78.3%
A: 20.7%
D: 1.1%
SD: 0%

SA: 63.6%
A:33.1 %
D: 3.26%
SD:0 %

SA: 60.3%
A: 31.0%
D: 7.6%
SD: 1.1%

SA: 46.7%
A: 35.9%
D: 15.2%
SD: 2.2%

SA: 77.2%
A: 19.6%
D: 2.2%
SD: 1.1%

SA: 63.0%
A: 30.4%
D: 4.9%
SD: 1.6%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.61 (0.04) 3.60 (0.05) 3.68 (0.04) 3.57 (0.05)
SA: 66.8%
A: 28.3%
D: 4.4%
SD: 0.5%

SA: 66.3%
A: 28.3%
D: 4.9%
SD: 0.5%

SA: 73.9%
A: 21.7%
D: 3.3%
SD: 1.1%

SA: 65.2%
A: 28.8%
D: 3.8%
SD: 2.2%

Molecules          
(Smaller and faster)

Ecosystems     
(Larger and slower)

Biological Scale                  
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3.55 (0.05)

SA: 60.9%
A: 35.3%
D: 2.2%
SD: 1.6%

3.82 (0.04)

SA: 85.9%
A: 12.5%

D: 0%
SD: 1.6%

Scientific accuracyImportance for graduating biology major

Multiple molecular mechanisms, including DNA damage and errors in replication, 
lead to the generation of random mutations.  These mutations create new alleles 
that can be inherited via mitosis (through asexual reproduction) or meiosis 
(through sexual reproduction).                                 

Mutations that change protein structure and/or regulation can impact anatomy and 
physiological function at all levels of organization.

The characteristics of populations change over time due to changes in allele 
frequencies. Changes in allele frequencies are caused by random and 
nonrandom processes--specifically mutation, natural selection, gene flow, and 
genetic drift.  Not all of these changes are adaptive.  

Molecular/ Cellular/ Developmental Biology Physiology Ecology/ Evolutionary Biology

Overarching Principles: 
Evolution is a change in allele frequencies caused by mutations, natural selection, gene flow, or genetic drift.  Populations can diverge, leading to the formation of new species.  

Mutations are changes in DNA that occur at random in every generation in every population.  Natural selection occurs when individuals with certain heritable traits have higher reproductive success than individuals without 
those traits.  Genetic drift occurs when allele frequencies change by chance.  

Physiological systems are constrained by ancestral structures, physical limits, and the 
requirements of other physiological systems, leading to trade-offs that affect fitness.

Major Sub-disciplines of Biology                 

Mutations and epigenetic modifications can impact the regulation of gene 
expression and/or the structure and function of the gene product.   If mutations 
affect phenotype and lead to increased reproductive success, the frequency of 
those alleles will increase in the population.

Most organisms have anatomical and physiological traits that maximize their fitness 
for a particular environment. 

All species alive today are derived from the same common ancestor.  New 
species arise when populations become genetically isolated and diverge due to 
mutation, selection, and drift.  Phylogenetic trees depict relationships among 
ancestral and descendant species, and are estimated based on data. 

Fitness is an individual's ability to survive and reproduce. It is environment-
specific and depends on both abiotic and biotic factors.  Natural selection's 
ability to optimize fitness is constrained by trade-offs, existing variation, and 
other factors. 



Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy

3.66 (0.04) 3.59 (0.04) 3.73 (0.04) 3.65 (0.04) 3.71 (0.04) 3.64 (0.04)

SA: 69.0%
A: 28.8%
D: 1.6%
SD: 0.5%

SA: 62.5%
A: 34.8%
D:2.2 %
SD: 0.5%

SA: 76.6%
A: 20.1%
D: 2.7%
SD: 0.5%

SA: 69.0%
A: 27.7%
D: 2.7%
SD: 0.5%

SA: 72.3%
A: 26.1%
D: 1.6%
SD: 0%

SA: 65.8%
A: 32.1%
D: 2.2%
SD: 0%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.62 (0.04) 3.69 (0.03) 3.70 (0.04) 3.72 (0.03) 3.79 (0.03) 3.70 (0.04)
SA: 66.3%
A: 29.4%
D: 4.4%
SD: 0%

SA: 69.0%
A: 31.0%
D: 0%
SD: 0%

SA: 71.2%
A: 27.2%
D: 1.6%
SD: 0%

SA: 72.3%
A: 27.7%
D: 0%
SD: 0%

SA: 79.9%
A: 19.0%
D: 1.1%
SD: 0%

SA: 71.7%
A: 26.1%
D: 2.2%
SD: 0%

Importance for graduating biology major Scientific accuracy
3.77 (0.03) 3.64 (0.04)
SA: 78.3%
A: 20.6 %
D: 1.1%
SD: 0%

SA: 66.3%
A: 31.5%
D: 2.2%
SD: 0%

Molecules          
(Smaller and faster)

Ecosystems     
(Larger and slower)
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Biological Scale                  

Overarching Principles: 
Organisms inherit genetic and epigenetic information that contribute to an individual’s phenotype.  The timing and degree of gene expression is highly regulated, in a way that affects phenotype. 

Cells/organs/organisms constantly monitor their internal and external environment.  Perception and transmission of this information allows organisms to respond to changing conditions.

Molecular/ Cellular/ Developmental Biology Physiology Ecology/ Evolutionary Biology

SA: 75.0%
A: 23.9%
D: 1.1%
SD: 0%

SA: 61.4%
A: 35.3%
D: 3.3%
SD: 0%

Information stored in DNA is expressed as RNA and/or proteins that impact anatomical 
structures and physiological function.

In most cases, genetic information flows from DNA to mRNA to protein, but there 
are important exceptions.

Importance for graduating biology major Scientific accuracy

3.74 (0.03) 3.58 (0.04)

Major Sub-disciplines of Biology                 

Gene expression and protein activity are regulated by intracellular and 
extracellular signaling molecules.  Signal transduction pathways are crucial in 
relaying these signals.

The signals that a cell receives depend on its location, and change through time. 
As a result, different types of cells express different genes, even though they 
contain the same DNA. 

Organisms have sophisticated mechanisms for sensing changes in the internal or 
external environment.  They use chemical, electrical, or other forms of signaling to 
coordinate responses at the cellular, tissue, organ, and/or system level.

A genotype influences the range of possible phenotypes in an individual; the 
actual phenotype results from interactions between alleles and the 
environment.

Individuals transmit genetic information to their offspring; some alleles confer 
higher fitness than others.  



Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.70 (0.04) 3.64 (0.04) 3.63 (0.04) 3.64 (0.04) 3.47 (0.05) 3.38 (0.05)
SA: 71.7%
A: 26.1%
D: 2.2%
SD: 0%

SA: 67.4%
A: 29.3%
D: 3.3%
SD: 0%

SA: 67.9%
A: 27.2%
D: 4.4%
SD: 0.5%

SA: 66.3%
A: 31.5%
D: 1.6%
SD: 0.5%

SA: 56.5%
A: 35.3%
D: 7.1%
SD: 1.1%

SA: 48.9%
A: 41.3%
D: 8.7%
SD: 1.1%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.70 (0.04) 3.68 (0.04) 3.59 (0.04) 3.64 (0.04) 3.61 (0.04) 3.60 (0.04)
SA: 72.8%
A: 22.8%
D:3.8%
SD: 0.5%

SA: 71.2%
A:26.6 %
D: 1.6%
SD: 0.5%

SA: 65.2%
A: 28.8%
D: 6.0%
SD: 0%

SA: 65.8%
A: 32.1%
D: 2.2%
SD: 0%

SA: 65.2%
A: 31.0%
D: 3.8%
SD: 0%

SA: 60.9%
A: 38.0%
D: 1.1%
SD: 0%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.64 (0.05) 3.64 (0.04) 3.47 (0.05) 3.50 (0.05)
SA: 70.1%
A: 23.9%
D: 5.4%
SD: 0.5%

SA: 67.4%
A: 29.9%
D: 2.2%
SD: 0.5%

SA: 56.0%
A: 35.3%
D: 8.2%
SD: 0.5%

SA: 56.5%
A: 37.0%
D: 5.4%
SD: 1.1%

Molecules          
(Smaller and faster)

Ecosystems     
(Larger and slower)

Competition, mutualism, and other interactions are mediated by each species' 
morphological, physiological, and behavioral traits.

Structure constrains function in physiology; specialization for one function limits a 
structure's ability to perform another function.
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Biological Scale                  

Overarching Principles: 
Biological structures can be studied at all levels of organization, from molecules to ecosystems.  

Natural selection favors the evolution of structures that maximize fitness 
within the context of evolutionary and environmental constraints.  

A structure’s function is a product of its physical characteristics (e.g size and chemical composition).  

SA: 73.9%
A: 22.8%
D: 3.3%
SD: 0%

SA: 54.4%
A: 37.0%
D: 8.1%
SD: 0.5%

Molecular/ Cellular/ Developmental Biology Physiology Ecology/ Evolutionary Biology

Physiological functions are often compartmentalized into different cells, tissues, 
organs, and systems, which have structures that support specialized activities.

The structure of a cell--its shape, organelles, and polarity--impacts its function.

The three dimensional structure of a molecule and its subcellular localization 
impact its function, including the ability to catalyze reactions or interact with other 
molecules. 

The structure of molecules or organisms may be similar due to common ancestry 
or selection for similar function.

The size, shape, and physical properties of organs and organisms all affect function.  
The ratio of surface area to volume is particularly critical for structures that function in 
transport or exchange of materials and heat.

Major Sub-disciplines of Biology                 

3.71 (0.04) 3.45 (0.05)

Importance for graduating biology major Scientific accuracy

Natural selection has favored structures whose shape and composition 
contribute to their ecological function.



Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.80 (0.03) 3.66 (0.04) 3.77 (0.03) 3.67 (0.04) 3.65 (0.05) 3.58 (0.04)
SA: 81%
A: 17.9%
D: 1.1%
SD: 0%

SA: 66.9%
A: 32.1%
D: 1.1%
SD: 0%

SA: 78.8%
A: 19.6%
D: 1.6%
SD:0 %

SA: 70.7%
A: 26.1%
D: 3.3%
SD: 0%

SA: 71.2%
A: 22.8%
D: 5.4%
SD: 0.5%

SA: 62.5%
A: 33.7%
D: 3.3%
SD: 0.5%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.70 (0.04) 3.69 (0.03) 3.60 (0.05) 3.62 (0.04) 3.64 (0.04) 3.69 (0.04)
SA: 73.9%
A: 21.7%
D: 4.3%
SD: 0%

SA: 69.6%
A: 29.9%
D: 0.5%
SD: 0%

SA: 66.8%
A: 26.1%
D: 7.1%
SD: 0%

SA: 66.3%
A: 29.9%
D: 3.3%
SD: 0.5%

SA: 67.4%
A: 29.3%
D: 2.7%
SD: 0.5%

SA: 70.6%
A: 27.7%
D: 1.6%
SD: 0%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.58 (0.05) 3.61 (0.04) 3.56 (0.05) 3.66 (0.04)
SA: 65.2%
A: 28.3%
D: 6.0%
SD: 0.5%

SA: 63.0%
A: 34.8%
D: 2.2%
SD: 0%

SA: 65.8%
A: 25.5%
D: 8.2%
SD: 0.5%

SA: 66.9%
A: 32.6%
D: 0.5%
SD: 0%

Molecules          
(Smaller and faster)

Ecosystems     
(Larger and slower)

Primary producers convert solar and other types of energy into chemical 
energy.  At each trophic level, most of this energy is used for maintenance, 
with a relatively small fraction available for growth and reproduction. As a 
consequence, each trophic level in an ecosystem has less energy available than 
the preceding level. 
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Biological Scale                  

Overarching Principles:
Life takes work – it can only be sustained with inputs of energy.

Natural selection has favored the evolution of regulatory systems that allow individuals to use limited resources efficiently.    

SA: 73.4%
A: 21.7%
D: 4.3%
SD: 0.5%

Molecular/ Cellular/ Developmental Biology Physiology Ecology/ Evolutionary Biology

SA: 56.0%
A: 33.1%
D: 9.2%
SD: 1.6%

Energy captured by primary producers is stored as chemical energy.  Organisms use 
chemical energy to drive the production of ATP.  ATP is required for energetically 
demanding activities necessary for life, including movement, transport and synthesis.

Chemical elements are transferred among the abiotic and biotic components of 
an ecosystem; changes in the amount and distribution of chemical elements 
can impact the ecosystem.

Due to the inefficiency of biochemical reactions and other constraints, physiological 
processes are never 100% efficient.

Organisms have limited energetic and material resources which must be distributed 
across competing functional demands.  These include movement of material across 
gradients, growth, maintenance, and reproduction, inevitably leading to trade-offs.

Molecules move within and between cells via 1) energy-demanding transport 
processes and 2) random motion.  A molecules' movement is affected by its 
thermal energy, size, concentration gradient, and biochemical properties.

In cells, the synthesis and breakdown of molecules is highly regulated. 
Biochemical pathways usually involve multiple reactions, each catalyzed by an 
enzyme that lowers the activation energy.  Energetically unfavorable reactions are 
driven by coupling to energetically favorable reactions such as ATP hydrolysis. 

Energy captured by primary producers is stored as chemical energy and used to 
drive production of ATP via cellular respiration and other processes.  

3.70 (0.04) 3.43 (0.05)

Importance for graduating biology major Scientific accuracy

Major Sub-disciplines of Biology                 



Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.50 (0.05) 3.65 (0.04) 3.72 (0.03) 3.75 (0.03) 3.73 (0.03) 3.71 (0.03)
SA: 59.8%
A: 31.5%
D: 0.5%
SD: 0%

SA: 66.3%
A: 32.6%
D: 1.1%
SD: 0%

SA: 72.8%
A: 26.6%
D: 0.5%
SD: 0%

SA: 75.5%
A: 23.9%
D:0.5 %
SD: 0%

SA:74.5%
A: 24.4%
D: 1.1%
SD: 0 %

SA: 72.3%
A: 26.1%
D: 1.6%
SD: 0%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.54 (0.05) 3.67 (0.04) 3.52 (0.04) 3.60 (0.04) 3.68 (0.04) 3.68 (0.04)
SA: 60.3%
A: 33.2%
D: 6.5%
SD: 0%

SA: 67.0%
A: 31.5%
D: 0.5%
SD: 0%

SA: 58.2%
A: 35.9%
D: 6.0%
SD: 0%

SA: 62.5%
A: 34.8%
D: 2.7%
SD: 0%

SA: 70.6%
A: 27.2%
D: 2.2%
SD: 0%

SA: 69.6%
A: 29.3%
D: 1.1%
SD: 0%

Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy Importance for graduating biology major Scientific accuracy
3.61 (0.04) 3.68 (0.03) 3.60 (0.05) 3.54 (0.04) 3.48 (0.05) 3.34 (0.05)
SA: 65.2%
A: 30.4%
D: 4.4%
SD: 0%

SA: 68.5%
A: 31.5%
D: 0%
SD: 0%

SA: 67.9%
A: 25%
D: 6.5%
SD: 0.5%

SA: 58.7%
A: 37.5%
D: 3.3%
SD: 0.5%

SA: 56%
A: 35.9%
D: 8.1%
SD: 0%

SA: 47.8%
A: 39.7%
D: 11.4%
SD: 1.1%

Molecules          
(Smaller and faster)

Ecosystems     
(Larger and slower)
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Biological Scale                  

Overarching Principles:
Biological molecules, cells, tissues, organs, and individuals do not exist in isolation— they interact in a highly regulated way.  

Organisms have evolved complex systems to integrate internal and external information 
and respond to their changing environments.

Scientific accuracy

Cells receive a complex array of chemical and physical signals that vary in time, 
location, and intensity over the lifespan of the organism; a cell's response 
depends on integration and coordination of these various signals. 

Molecular/ Cellular/ Developmental Biology Physiology Ecology/ Evolutionary Biology

SA: 80.4%
A: 16.8%
D: 1.6%
SD: 1.1%

SA: 68.5%
A: 25.0%
D: 4.9%
SD: 1.6%

During development, the signals a cell receives depend on its spatial orientation 
within the embryo and its intercellular interactions.  As a consequence, cells adopt 
different cell fates depending on their local environment.  

An individual's physiological traits affect its interactions with other organisms and with 
its physical environment.

The size and structure of  populations are dynamic. A species' abundance and 
distribution is limited by available resources and by interactions between biotic 
and abiotic factors.

Ecosystems are not isolated and static--they respond to change, both as a 
result of intrinsic changes to networks of species and as a result of extrinsic 
environmental drivers.  Within an ecosystem, interactions among individuals 
form networks; changes in one node of a network can cause changes in other 
nodes--directly or indirectly.

Biodiversity impacts many aspects of an ecosystem. In general, species-rich 
ecosystems function are more stable and productive than species-poor 
ecosystems. 

Alteration of a single gene or molecule in a signaling network may have complex 
impacts at the cell, tissue or whole-organism level.

In the face of environmental changes, organisms may maintain homeostasis through 
control mechanisms that often use negative feedback; others have adaptations that 
allow them to acclimate to environmental variation.

Organ systems are not isolated, but interact with each other through chemical and 
physical signals at the level of cells, tissues, and organs.

3.77 (0.04) 3.60 (0.05)

Importance for graduating biology major

Major Sub-disciplines of Biology                 
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Supplemental Information 
 
Identifying prevalence of institutions with general biology departments or conferring a 
general biology degree 
 
We systematically accessed the online directory for Carnegie Classifications of 
institutions and retrieved all institutions in each of the major categories based on 
the degree that it predominately grants: bachelor’s degrees, master’s degrees, or 
doctoral degrees.  Baccalaureate granting institutions (total n=810) are either 
considered basic (n=271), diverse (n=392), or combined baccalaureate and 
associates (n=147).  Master’s Colleges and Universities (total n=724) are considered 
small (n=126), medium (n=185) or large (n=413).  Doctoral granting institutions 
(total n=297) are distinguished based on the level of research activity; they can be 
classified as research institutions with very high research activity (n=108), research 
institutions with high research activity (n=99), or research institutions (n=90).   
 
In order to sample as diverse a group of institutions as possible, we assigned each 
institution a random number using Microsoft Excel’s random number generator 
program and selected 10% of the total number of each category for analysis (n= 183 
total).  From this randomly generated list, we used departmental websites and 
descriptions of undergraduate degrees offered at each institution to identify  (1) 
whether the institution conferred a biology-related degree and (2) whether the 
institution had a general biology department.  If an institution did not offer a 
biology-related major (e.g. if it was a music school), then we removed it from the 
dataset and replaced them with another institution that did offer a biology-related 
degree.   
 
We found that 82% of the random sampling of institutions had a general biology 
department (150/183).  74.1% (60/81) of Bachelor institutions, 87.5% (63/72) of 
Masters institutions, and 90% (27/30) of Doctoral institutions had general biology 
departments.  Those institutions that did not have a general biology department 
either had more specific sub-discipline specific departments (e.g. Botany or 
Neuroscience) or had more general departments that offered biology as a major (e.g. 
Natural sciences).   
 
We also assessed how many of these institutions offered a general biology major as 
opposed to only offering a more specialized degree in biology (e.g. Immunology or 
ecology).  We found that 95.6% of these institutions we assessed offered a general 
biology major (175/183).  Specifically, 96.3% of Bachelor institutions (78/81), 
95.8% of Masters institutions (69/72), and 93.3% of Doctoral institutions (28/30) 
have a general biology major.   
 
National validation lists 
 
We sent requests for validation to participants in the 2013 Vision and Change 
meeting, Introductory Biology Project (IBP), National Academies Summer Institute 



on Undergraduate Education in Biology, Biology Scholars Program, Society for the 
Advancement in Biology Education (SABER), University of Washington Biology 
Education Research Group (BERG), and education members of the American Society 
for Cell Biology (ASCB), American Society for Microbiology (ASM), American Society 
for Biochemistry and Molecular Biology Education (ASBMB), Faculty for 
Undergraduate Neuroscience (FUN),  American Physiological Society (APS), Human 
Anatomy and Physiology Society (HAPS), and Ecology Education.   We posted a link 
to the survey on the PULSE community website.  We also sent the request for 
validation to faculty, postdocs, and graduate students in the Department of Biology 
at the University of Washington.  We encouraged faculty to forward the request for 
validation to others, so some respondents likely received it through their colleagues 
or other mailing lists.      
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