EXPLANATION SHEET

(for the Core Concepts and Core Competencies outlined by Vision & Change)

CORE CONCEPTS
1. Evolution.
a. The diversity of life evolved over time by processes of mutation, selection, and genetic change.
2. Structure and function 
a. The relationship between structure and function in living systems.

b. Basic units of structure define the function of all living things.
3. Information flow, exchange and storage
a. Encompasses the maintenance, expression, and replication of genetic information and also, much more broadly, the flow of information through signal transduction, populations, biogeochemical cycling, cellular and physiological homeostasis, etc

b. The growth and behavior of organisms are activated through the expression of genetic information in context.
4. Pathways and transformations of energy and matter.
a. Pathways and transformations of energy and matter, particularly growth and change in biological systems as a product of chemical transformations. This concept requires an understanding of thermodynamics across biological scales including the underlying chemistry, physics, and mathematics.
b. Biological systems grow and change by processes based upon chemical transformation pathways and are governed by the laws of thermodynamics.
5. Systems
a. The broad concept of systems: that living systems are interconnected and interacting and includes use of mathematical, computational, and physical science tools to develop models that can predict and clarify understanding of biological processes.
b. Living systems are interconnected and interacting.
CORE COMPETENCIES

1. Ability to apply the process of science.
a. Biology is evidence based and grounded in the formal practices of observation, experimentation, and hypothesis testing.
b. Examples of core competencies applied to biology practice:
i. Observational strategies
ii. Hypothesis testing
iii. Experimental design
iv. Evaluation of experimental evidence
v. Developing problem-solving strategies
2. Ability to use quantitative reasoning
a. Biology relies on applications of quantitative analysis and mathematical reasoning.
b. Examples of core competencies applied to biology practice:
i. Developing and interpreting graphs
ii. Applying statistical methods to diverse data
iii. Mathematical modeling
iv. Managing and analyzing large data sets
3. Ability to use modeling and simulation.

a. Biology focuses on the study of complex systems.
b. Because biological systems are complex, changing, and interacting, the opportunity to learn about and practice modeling and simulating those systems can provide students with insight into the important means of clarifying these dynamic interactions.

c. Examples of core competencies applied to biology practice:
i. Computational modeling of dynamic systems
ii. Applying informatics tools
iii. Managing and analyzing large data sets
iv. Incorporating stochasticity into biological models
4. Ability to tap into the interdisciplinary nature of science.

a. Biology is an interdisciplinary science.
b. Achieving this outcome can be supported by a climate that values interdisciplinary thinking and provides opportunities for students to develop some fluency in other disciplines through associated coursework, course activities (e.g. by integrating interdisciplinary case studies), course-based
interaction with students and experts in other disciplines or in collaborations outside the classroom setting. Another way to foster inter-disciplinary competence is through courses that are co-taught by a life scientist and an instructor from another discipline, e.g. mathematics, computer science, chemistry, anthropology, physics, and engineering.

c. Examples of core competencies applied to biology practice:
i. Applying physical laws to biological dynamics
ii. Chemistry of molecules and biological systems
iii. Applying imaging technologies
5. Ability to communicate and collaborate with other disciplines.
a. Biology is a collaborative scientific discipline.
b. It is important for students to learn to communicate effectively in typical written and oral scientific formats, and this communication is necessary for effective collaboration with colleagues within and outside the student’s discipline.

c. Examples of core competencies applied to biology practice:
i. Scientific writing
ii. Explaining scientific concepts to different audiences
iii. Team participation
iv. Collaborating across disciplines
v. Cross-cultural awareness
6. Ability to understand the relationship between science and society
a. Scientific study and research are conducted within social structures and, consequently, scientists need to understand how those social structures work and how to participate in society such that both science and society benefit.

b. Another aspect is instilling in students the idea that science can be used to help solve major societal problems, for example human disease and environmental degradation. For this connection to be made, students need to understand not only the science, but also the complexity of the social problems that are addressed.

c. Examples of core competencies applied to biology practice:
i. Evaluating the relevance of social contexts to biological problems
ii. Developing biological applications to solve societal problems
iii. Evaluating ethical implications of biological research
