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Agriculture, Food and Natural Resources Content Standards

Biotechnology Systems Career Pathway Content Standards

PURPOSE: The career pathway content standards out-
line technical knowledge and skills required for future
success within this discipline. The content standards
are intended to provide state agricultural education
leaders and educators with a forward-thinking guide
for what students should know and be able to do after
completing a program of study in this career pathway.
State leaders and local educators are encouraged to
use the standards as a basis for the development of
well-planned curriculum and assessments for Agricul-
ture, Food and Natural Resource (AFNR)-related Ca-
reer and Technical Education (CTE) programs. Adop-
tion and use of these standards is voluntary; states and
local entities are encouraged to adapt the standards to
meet local needs.

SCOPE: The Biotechnology Systems (BS) Career Path-
way encompasses the study of using data and scien-
tific techniques to solve problems concerning living
organisms with an emphasis on applications to agricul-
ture, food and natural resource systems. Students com-
pleting a program of study in this pathway will demon-
strate competence in the application of principles and
techniques for the development, application and man-
agement of biotechnology in the context of AFNR.

SAMPLE CAREERS: Geneticist, Microbiologist, Bio-
chemist, Lab Technician, Animal Scientist, Plant Scien-
tist, Food Scientist

DEFINITIONS: Within each pathway, the standards are organized as follows:

National Council for Agricultural Education (NCAE)
Standard* - These are the standards set forth by the Na-
tional Council for Agricultural Education for Biotechnolo-
gy Systems. They define what students should know and
be able to do after completing instruction in a program of
study focused on applying biotechnology to AFNR sys-
tems.

Performance Indicators - These statements distill each
performance element into more discrete indicators of
the knowledge and skills students should attain through
a program of study in this pathway. Attainment of the
knowledge and skills outlined in the performance indi-
cators is intended to demonstrate an acceptable level of
proficiency with the related performance element at the
conclusion of a program of study in this area.

. J

Sample Measurements - The statements are sampl/e mea-
sureable activities that students might carry out to indi-
cate attainment of each performance indicator at three
levels of proficiency - awareness (a), intermediate (b), and
advanced (c). This is not intended to be an all-encompass-
ing list; the sample measurements are provided as exam-
ples to demonstrate a logical progression of knowledge
and skill development pertaining to one or more content
areas related to the performance indicator. State and local
entities may determine the most appropriate timing for
attainment of each level of proficiency based upon local
CTE program structures.

NOTE: * State leaders and local educators are encouraged to also refer to the standards set forth for Health Sciences: Biotechnology Research
and Development (HL-BRD) from the 2012 version of the Common Career and Technical Core Standards, by the National Association of State
Directors of Career and Technical Education/National career Technical Education Foundation. The NCAE Standards provide guidance for de-
velopment of a contextualized program of study for the HL-BRD career pathway, but do not cover all of the content areas outlined in the CCTC
standards for HL-BRD. The following table provides guidance for individuals interested in using the NCAE Standards to develop a HL-BRD path-

way contextualized to AFNR.
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Agriculture, Food and Natural Resources Content Standards
Biotechnology Systems Career Pathway Content Standards

Relationship Between NCAE Standards for Biotechnology Systems and CCTC Standards for Health

Sciences: Biotechnology Research and Development

NCAE Standard - BS.01: Assess factors that have influenced the evolution of biotechnology in agriculture (e.g., historical events, societal
trends, ethical and legal implications, etc.).

e Provides contextualized content standards related to:
o CCTC Standard - HL-BRD.1: Summarize the goals of biotechnology research and development within legal and ethical protocols.

o CCTC Standard - HL-BRD.6: Summarize and explain the larger ethical, moral and legal issues related to biotechnology research,
product development and use in society.

NCAE Standard - BS.02: Demonstrate proficiency by safely applying appropriate laboratory skills to complete tasks in a biotechnology re-
search and development environment (e.g., standard operating procedures, record keeping, aseptic technique, equipment maintenance, etc.).
e Provides contextualized content standards related to:

o CCTC Standard - HL-BRD.3: Demonstrate basic knowledge of recombinant DNA, genetic engineering, bioprocessing, monoclo-
nal antibody production, nanotechnology, bioinformatics, genomics, proteomics and transcriptomics to conduct biotechnology
research and development.

o CCTC Standard - HL-BRD.4: Demonstrate the principles of solution preparation, sterile techniques, contamination control, and
measurement and calibration of instruments used in biotechnology research.

NCAE Standard - BS.03: Demonstrate the application of biotechnology to solve problems in Agriculture, Food and Natural Resources (AFNR)
systems (e.g., bioengineering, food processing, waste management, etc.).
e Provides contextualized content standards related to:
o CCTC Standard - HL-BRD.2: Apply the fundamentals of biochemistry, cell biology, genetics, mathematical concepts, microbiology,
molecular biology, organic chemistry and statistics to conduct effective biotechnology research and development of products.
o CCTC Standard - HL-BRD.5: Determine processes for product design and production and how that work contributes to an under-
standing of the biotechnology product development process.

CONNECTIONS TO OTHER PATHWAYS:

For additional content standards on the topic of media related to plant growth, see Plant Systems PS.O1.

For additional content standards on the topic of genetics, see Animal Systems AS.04.

For additional content standards on the topic of microorganisms, see Environmental Service Systems ESS.03.
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BS.01. NCAE Standard: Assess factors that have influenced the evolution of
biotechnology in agriculture (e.g., historical events, societal trends, ethical and
legal implications, etc.).

BS.01.01. Investigate and explain the relationship between past, current and emerging

applications of biotechnology in agriculture (e.g., major innovators, historical developments,
potential applications of biotechnology, etc.).
Sample Measurement: The following sample measurement strands are provided to guide the development of

measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.01.01.01.c. Evaluate and explain how
scientists use the scientific method to build
upon previous findings in current and emerg-
ing research.

BS.01.01.01.b. Analyze the developmental
progression of biotechnology and the evolu-
tion of scientific knowledge.

BS.01.01.01.a. Research and summarize the
evolution of biotechnology in agriculture.

BS.01.01.02.c. Evaluate the outcomes and im-
pacts of biotechnology on the globalization
of agriculture.

BS.01.01.02.b. Assess and summarize current
work in biotechnology being done to add
value to agricultural and society.

BS.01.01.02.a. Examine and categorize
current applications and gains achieved in ap-
plying biotechnology to agriculture.

BS.01.01.03.c. Design a potential application
of biotechnology to meet emerging agricul-
tural and societal needs.

BS.01.01.03.b. Analyze and document emerg-
ing problems and issues associated with
agricultural biotechnology.

BS.01.01.03.a. Distinguish between current
and emerging applications of biotechnology
in agriculture.

BS.01.01.04.c. Evaluate the short-term and
long-term benefits and risks of applying bio-
technology to agriculture.

BS.01.01.04.b. Assess the benefits and risks
associated with using biotechnology to im-
prove agriculture.

BS.01.01.04.a. Compare and contrast the
benefits and risks of biotechnology compared
with alternative approaches to improving
agriculture.

BS.01.02. Evaluate the scope and implications of regulatory agencies on applications
of biotechnology in agriculture and protection of public interests (e.g., health, safety,
environmental issues, etc.).

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.01.02.01.b. Assess and summarize the

BS.01.02.01.a. Compare and contrast differ-
ences between regulatory systems world-
wide.

role and scope of agencies that regulate bio-
technology.

BS.01.02.01.c. Explain and critique a decision
made by a major agency that regulates agri-
cultural biotechnology.
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BS.01.02.02.a. Research and document major
regulatory issues related to biotechnology in
agriculture.

BS.01.02.02.b. Analyze the impact major
regulatory issues have on public acceptance
of biotechnology in agriculture.

BS.01.02.02.c. Critique and propose a solu-
tion for a major regulatory issue pertaining to
biotechnology in agriculture.

BS.01.02.03.a. Explain the relationship be-
tween regulatory agencies and the protection
of public interests such as health, safety and
the environment.

BS.01.02.03.b. Research and summarize fac-
tors and data that regulatory agencies use to
evaluate the potential risks a new application
of biotechnology may pose to health, safety

and the environment.

BS.01.02.03.c. Evaluate data to determine if
new technologies present a major regulatory
issue to health, safety and/or the environ-
ment.

BS.01.03. Analyze the relationship and implications of bioethics, laws and public perceptions
on applications of biotechnology in agriculture (e.g., ethical, legal, social, cultural issues).

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills

related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.01.03.01.a. Research and summarize the
emergence, evolution and implications of
bioethics associated with biotechnology in
agriculture.

BS.01.03.01.b. Analyze the implications bio-
ethics may have on future advancements in
AFNR.

BS.01.03.01.c. Devise and support an argu-
ment for or against an ethical issue associat-
ed with biotechnology in agriculture.

BS.01.03.02.a. Research and summarize legal
issues related to biotechnology in agricul-
ture (e.g., protection of intellectual property
through patents, copyright, trademarks, etc.).

BS.01.03.02.b. Determine the significance
and impacts of legal issues related to bio-
technology in agriculture.

BS.01.03.02.c. Propose a solution for a legal
issue associated with biotechnology in agri-
culture.

BS.01.03.03.a. Research and summarize pub-
lic perceptions of biotechnology in agricul-
ture (e.g., social and cultural issues).

BS.01.03.03.b. Analyze the impact of public
perceptions on the application of biotechnol-
ogy in different AFNR systems.

BS.01.03.03.c. Design studies to examine
public perceptions of scientifically-based
arguments regarding biotechnology in ag-
riculture and reflect on the reasons why the
public may support or resist significant break-
throughs using biotechnology.

BS.02. NCAE Standard: Demonstrate proficiency by safely applying appropriate
laboratory skills to complete tasks in a biotechnology research and development
environment (e.g., standard operating procedures, record keeping, aseptic

technique, equipment maintenance, etc.).

BS.02.01. Read, document, evaluate and secure accurate laboratory records of experimental
protocols, observations and results.
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BS.02.01.01.a. Compare and contrast com-
mon record-keeping methods used in a
laboratory (e.g., paper notebook, electronic
notebook, etc.).

BS.02.01.01.b. Maintain and interpret labo-
ratory records documented in a laboratory
to ensure data accuracy and integrity (e.g.,
avoid bias, record any conflicts of interest,
avoid misinterpreted results, etc.).

Sample Measurement: The following sample measurement strands are provided to guide the development of

measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.02.01.01.c. Evaluate the strengths and
weaknesses of using research documentation
and propose improvements to ensure study
reproduction and utility in future studies.

BS.02.01.02.a. Research and summarize the
need for data and information security in a
laboratory and demonstrate best practices.

BS.02.01.02.b. Assess when security proce-
dures for data and information collected in a
laboratory should be implemented.

BS.02.01.02.c. Devise a strategy for ensuring
the security of data and information collected
in a laboratory.

BS.02.01.03.a. Evaluate the role of bioin-
formatics in agriculture and summarize the
types of databases that are available (e.g.,,
genomic, transcriptomics, etc.).

BS.02.01.03.b. Analyze and document the
security procedures for data collected using
bioinformatics.

BS.02.01.03.c. Critique an application of
bioinformatics to solve an agricultural issue
and recommend procedures for keeping the
information safe.

BS.02.02. Implement standard operating procedures for the proper maintenance, use and
sterilization of equipment in a laboratory.

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.02.02.01.a. Identify, interpret, and imple-
ment standard operating procedures for labo-
ratory equipment.

BS.02.02.01.b. Develop a maintenance pro-
gram for laboratory equipment based upon
the standard operating procedures.

BS.02.02.01.c. Perform ongoing maintenance
of laboratory equipment according to the
standard operating procedures (e.g., calibra-
tion, testing, etc.).

BS.02.02.02.a. Categorize and identify labo-
ratory equipment according to its purpose in
scientific research.

BS.02.02.02.b. Manipulate basic laboratory
equipment and measurement devices (e.g.,
water bath, electrophoresis equipment, mi-
cropipettes, laminar flow hood, etc.).

BS.02.02.02.c. Operate advanced laboratory
equipment and measurement devices (e.g.,
thermal cycler, imaging system, etc.).

BS.02.02.03.a. Differentiate between steril-
ization techniques for equipment in a labo-
ratory (e.g., media bottles vs. laminar flow
hood, etc.).

BS.02.02.03.b. Create a plan for sterilizing
equipment in a laboratory according to stan-
dard operating procedures.

BS.02.02.03.c. Perform sterilization tech-
niques for equipment in a laboratory using
standard operating procedures.
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BS.02.03. Apply standard operating procedures for the safe handling of biological and
chemical materials in a laboratory.

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.02.03.01.a. Classify and document basic
aseptic techniques in the laboratory.

BS.02.03.01.b. Demonstrate advanced asep-
tic techniques in the laboratory (e.g., sterile
work area, sterile handling, personal hygiene,
etc.).

BS.02.03.01.c. Conduct assays and experi-
ments under aseptic conditions.

BS.02.03.02.a. Examine and implement
standard operating procedures for the use of
biological materials according to directions
and their classification (e.g., proper handling
of bacteria or DNA before, during and after
use).

BS.02.03.02.b. Analyze and select an ap-
propriate standard operating procedure for
working with biological materials based upon
their classification.

BS.02.03.02.c. Create a standard operating
procedure for a biological process.

BS.02.03.03.a. Categorize and label the
types of solutions that are commonly pre-
pared in a laboratory (e.g., buffers, reagents,
media, etc.).

BS.02.03.03.b. Formulate and prepare solu-
tions using standard operating procedures
(e.g., proper labeling, storage, etc.).

BS.02.03.03.c. Verify the physical properties
of solutions (e.g., molarity, percent mass/vol-
ume, dilutions, etc.).

BS.02.04. Safely manage and dispose of biological materials, chemicals and wastes according
to standard operating procedures.

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.02.04.01.a. Classify different types of per-
sonal protective equipment and demonstrate
how to properly utilize the equipment.

BS.02.04.01.b. Assess the need for personal
protective equipment in a variety of situa-
tions and select the appropriate equipment
to wear when working with biological and
chemical materials.

BS.02.04.01.c. Evaluate the benefits and lim-
itations of personal protective equipment.

BS.02.04.02.a. Classify and describe haz-
ards associated with biological and chemical
materials.

BS.02.04.02.b. Inventory biological and
chemical materials and maintain accurate
records of supplies and expiration dates.

BS.02.04.02.c. Create a plan for stocking and
maintaining supplies of biological and chemi-
cal materials in a laboratory.

BS.02.04.03.a. Summarize what happens
to waste after it leaves the laboratory and
identify opportunities to reduce waste and
unnecessary costs.

BS.02.04.03.b. Perform waste disposal
according to the standard operating proce-
dures.

BS.02.04.03.c. Propose a management plan
to reduce laboratory waste and prevent eco-
logical or health problems related to waste
disposal.
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BS.02.05. Examine and perform scientific procedures using microbes, DNA, RNA and proteins
in a laboratory.

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills

related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.02.05.01.a. Differentiate types of or-
ganisms and demonstrate safe handling to
maintain organism purity and personal safety
(e.g., plant and animal tissue, cell cultures,
microbes, etc.).

BS.02.05.01.b. Characterize the physical and
biological properties of organisms.

BS.02.05.01.c. Isolate, maintain, quantify and
store cell cultures according to standard op-
erating procedures.

BS.02.05.02.a. Compare and contrast the
structures of DNA and RNA and investigate
how genotype influences phenotype.

BS.02.05.02.b. Analyze and interpret the
molecular basis for heredity and the tools and
technigues used in DNA and RNA manipula-
tions.

BS.02.05.02.c. Evaluate factors that influence
gene expression.

BS.02.05.03.a. Extract and purify DNA and
RNA according to standard operating proce-
dures.

BS.02.05.03.b. Perform electrophoretic tech-
nigques and interpret electrophoresis frag-
mentation patterns (e.g., gel electrophoresis,
southern blotting, etc.).

BS.02.05.03.c. Manipulate and analyze DNA
and RNA through advanced scientific proce-
dures (e.g., southern blotting, cloning, PCR,
RT-PCR, etc.).

BS.02.05.04.a. Examine and document the
role and applications of proteins in agricultur-
al biotechnology.

BS.02.05.04.b. Demonstrate protein separa-
tion technigues and interpret the results.

BS.02.05.04.c. Evaluate the biochemical
properties of proteins to explain their func-
tion and predict potential uses.

BS.02.05.05.a. Synthesize the relationship
between proteins, enzymes and antibodies.

BS.02.05.05.b. Analyze and document how
antibodies are formed and describe how they
can be used in agricultural biotechnology.

BS.02.05.05.c. Use antibodies to detect and
quantify antigens by conducting an En-
zyme-Linked Immunosorbent Assay (ELISA).

BS.03. NCAE Standard: Demonstrate the application of biotechnology to solve
problems in Agriculture, Food and Natural Resources (AFNR) systems (e.g.,
bioengineering, food processing, waste management, horticulture, forestry,

livestock, crops, etc.).

BS.03.01. Apply biotechnology principles, techniques and processes to create transgenic
species through genetic engineering.

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.
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BS.03.01.01.a. Summarize biological, social,
agronomic and economic reasons for genetic
modification of eukaryotes.

BS.03.01.01.b. Analyze and document the
processes and describe the techniques used
to produce transgenic eukaryotes (e.g.,
microbial synthetic biology, gene knockout
therapy, traditional gene insertion, etc.).

BS.03.01.01.c. Design and conduct exper-
iments to evaluate an existing transgenic
eukaryote.

BS.03.01.02.a. Summarize the process of
transformation of eukaryotic cells with trans-
genic DNA.

BS.03.01.02.b. Assess and argue the pros and
cons of transgenic species in agriculture.

BS.03.01.02.c. Transform plant or animal cells
by performing a cellular transformation.

BS.03.01.03.a. Analyze the benefits and risks
associated with the use of biotechnology to
increase productivity and improve quality of
living species (e.g., plants, animals such as
aquatic species, etc.).

BS.03.01.03.b. Research and evaluate genetic
engineering procedures used in the produc-
tion of living species.

BS.03.01.03.c. Conduct field or clinical trials
for genetically modified species.

BS.03.01.04.a. Define and summarize epi-
genetics and synthesize the relationship
between mutation, migration and evolution of
transgenes in the environment.

BS.03.01.04.b. Analyze data to identify
changes and patterns of transgenic species in
the environment.

BS.03.01.04.c. Conduct studies to track the
movement of transgenes in the environment.

BS.03.02. Apply biotechnology principles, techniques and processes to enhance the
production of food through the use of microorganisms and enzymes.

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.03.02.01.a. Summarize reasons for de-
tecting microbes and identify sources of
microbes.

BS.02.02.01.b. Assess and describe the use
of biotechnology to detect microbes.

BS.02.02.01.c. Design and perform an assay
to detect a target microorganism in food,
water or the environment.

BS.03.02.02.a. Examine enzymes, the chang-
es they cause and the physical and chemical
parameters that affect enzymatic reactions
(e.g., food, cellulosic bioenergy, etc.).

BS.03.02.02.b. Analyze processes by which
enzymes are produced through biotechnolo-
ay.

BS.03.02.02.c. Conduct studies using scien-
tific techniques to improve or discover en-
zymes for use in biotechnology (e.g., microbi-
al strain selection).

BS.03.02.03.a. Identify and categorize foods
produced through the use of biotechnology
(e.g., fermentation, etc.) to change the chemi-
cal properties of food for an intended pur-
pose (e.g., create desirable nutritional profile,
preservation, flavor, etc.)

BS.03.02.03.b. Compare and contrast the ef-
fectiveness, purpose, and outcomes associat-
ed with biotechnology as well as conventional
processes used in food processing.

BS.03.02.03.c. Process food using biotech-
nology to achieve an intended purpose (e.g.,
preservation, flavor enhancement, etc.).
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BS.03.03. Apply biotechnology principles, techniques and processes to protect the
environment and maximize use of natural resources (e.g., biomass, bioprospecting, industrial
biotechnology, etc.).

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills

related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.03.03.01.a. Examine the consequences of
agricultural practices on natural populations.

BS.03.03.01.b. Analyze how biotechnology
can be used to monitor the effects of agricul-
tural practices on natural populations.

BS.03.03.01.c. Evaluate the impact of modi-
fied organisms on the natural environment.

BS.03.03.02.a. Define and summarize in-
dustrial biotechnology and categorize the
benefits and risks associated with its use in
manufacturing (e.g., fabrics, plastics, etc.).

BS.03.03.02.b. Apply the processes used in
the production of molecules for use in indus-
trial applications.

BS.03.03.02.c. Monitor and evaluate process-
es used in the synthesis of a molecule.

BS.03.03.03.a. Research and summarize the
potential applications of bioprospecting in
biotechnology and agriculture.

BS.03.03.03.b. Assess and document the
pros and cons of bioprospecting to achieve a
research or product development objective.

BS.03.03.03.c. Propose opportunities to use
bioprospecting after weighing the short-term
and long-term impacts on the environment.

BS.03.04. Apply biotechnology principles, techniques and processes to enhance plant and
animal care and production (e.g., selective breeding, pharmaceuticals, biodiversity, etc.).

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.03.04.01.a. Research and describe the
aims and techniques involved in selective
plant-breeding process.

BS.03.04.01.b. Choose techniques and iden-
tify tools used to monitor and direct plant
breeding.

BS.03.04.01.b. Perform plant-breeding tech-
niques (e.g., plant tissue culture, etc.).

BS.03.04.02.a. Examine and classify biotech-
nology processes applicable to animal health
(e.g., genetic testing, etc.).

BS.03.04.02.b. Assess the benefits, risks and
opportunities associated with using biotech-
nology to promote animal health.

BS.03.04.02.c. Design animal-care protocols
to ethically monitor and promote animal sys-
tems associated with biotechnology.

BS.03.04.03.a. Research and categorize the
types of pharmaceuticals developed for ani-
mals and humans through biotechnology.

BS.03.04.03.b. Distinguish the difference
between plant-based and animal-based
pharmaceuticals and describe their role in
agriculture.

BS.03.04.03.c. Evaluate the process used to
produce pharmaceuticals from transgenic
organisms (e.g., hormones for animals, etc.).

BS.03.04.04.a. Summarize the need for glob-
al biodiversity and applications of biotechnol-
ogy to reduce threats to biodiversity.

BS.03.04.04.b. Assess whether current
threats to biodiversity will have an unsustain-
able impact on human populations.

BS.03.04.04.c. Select and utilize techniques
to measure biodiversity in a population.
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BS.03.05. Apply biotechnology principles, techniques and processes to produce biofuels (e.g.,
fermentation, transesterification, methanogenesis, etc.).

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills
related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.03.05.01.a. Examine and synthesize the
need for biofuels (e.g., cellulosic bioenergy,
etc.).

BS.03.05.01.b. Analyze the impact of the
production and use of biofuels on the envi-
ronment.

BS.03.05.01.c. Evaluate and support how bio-
fuels could solve a global issue (e.g., environ-
mental, agricultural, etc.).

BS.03.05.02.a. Differentiate between bio-
mass and sources of biomass.

BS.03.05.02.b. Assess the characteristics
of biomass that make it useful for biofuels
production.

BS.03.05.02.c. Conduct a review of the
technologies used to create biofuels from
biomass and weigh the pros and cons of each
method.

BS.03.05.03.a. Research and explain the
process of fermentation and its potential
applications.

BS.03.05.03.b. Correlate the relationship
between fermentation and the process used
to produce alcohol from biomass.

BS.03.05.03.c. Produce alcohol and co-prod-
ucts from biomass.

BS.03.05.04.a. Define and summarize the
process of transesterification and its potential
applications.

BS.03.05.04.b. Analyze and document the
process used to produce biodiesel from bio-
mass.

BS.03.05.04.c. Produce biodiesel and
co-products from biomass.

BS.03.05.05.a. Examine the process of meth-
anogenesis and its potential applications.

BS.03.05.05.b. Analyze and describe the pro-
cess used to produce methane from biomass.

BS.03.05.05.c. Produce methane and
co-products from biomass.

BS.03.06. Apply biotechnology principles, techniques and processes to improve waste
management (e.g., genetically modified organisms, bioremediation, etc.).

Sample Measurement: The following sample measurement strands are provided to guide the development of
measurable activities (at different levels of proficiency) to assess students’ attainment of knowledge and skills

related to the above performance indicator. The topics represented by each strand are not all-encompassing.

BS.03.06.01.a. Compare and contrast the use
of natural organisms and genetically-engi-
neered organisms in the treatment of wastes.

BS.03.06.01.b. Analyze the process by which
organisms are genetically engineered for
waste treatment.

BS.03.06.01.c. Conduct studies to evaluate
the treatment of a waste product using a
genetically engineered organism.

BS.03.06.02.a. Summarize the purpose of
microorganisms in biological waste manage-
ment.

BS.03.06.02.b. Assess and describe the pro-
cesses involved in biotreatment of biological
wastes.

BS.03.06.02.c. Monitor and evaluate the
treatment of biological wastes with microor-
ganisms.
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BS.03.06.03.a. Analyze the role of microor-
ganisms in industrial chemical waste treat-
ment.

BS.03.06.03.b. Evaluate and describe the
processes involved in biotreatment of indus-
trial chemical wastes.

BS.03.06.03.c. Monitor and review the
treatment of industrial chemical wastes with
microorganisms.

BS.03.06.04.a. Provide examples of instances
in which bioremediation can be applied to
clean up environmental contaminants.

BS.03.06.04.b. Analyze and summarize the
risks and benefits of using biotechnology for
bioremediation.

BS.03.06.04.c. Design a bioremediation proj-
ect including plans to evaluate the effective-
ness of the effort.
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