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Prerequisite(s) (REQUIRED):

Principles of Biomedical Science (C or better)
Honors Human Body Systems (C or better)
Honors Medical Interventions (C or better)
Biology (C or better)

Chemistry (C or better)

Corequisite(s) (REQUIRED):

Any science elective of the student's choosing including but not limited to AP Biology, AP Chemistry, Honors or AP
Physics, Honors Anatomy & Physiology, Nutritional Science, Marine Biology, AP Environmental Science, and
Biosustainability.

Brief Course Description (REQUIRED):

Honors Biomedical Innovations (BI) is a full-year high school course designed to follow Honors Medical
Interventions (MI) in the Biomedical Science pathway. In this capstone course, students apply their knowledge and
skills to answer questions or solve problems related to the biomedical sciences. Students design innovative solutions
for the health challenges of the 21st century as they work through progressively challenging open-ended problems,
addressing topics such as clinical medicine, physiology, biomedical engineering, and public health. They have the
opportunity to work on an independent project and may work with a mentor or advisor from a university, hospital,
physician’s office, or industry. Throughout the course, students are expected to present their work to an adult
audience that may include representatives from the local business and healthcare community.

In the Biomedical Innovation course, students will be asked to apply what they have learned in the previous three
courses to solve unique problems in science, medicine, and healthcare. Students will work systematically through
required problems before completing optional directed problems or independent work. Each problem is staged as a
mission - a unique set of tasks the students must work through to achieve their desired objective. Students are
presented with each problem in a Mission File - a document that includes a case brief, a list of completion tasks,
links to available resources, as well as a reflection section.

Working through the missions not only exposes students to current issues in biomedical science, but it also provides
skills-based instruction in research and experimentation - tools students will use to design innovative solutions to
real-world problems. Students will use what they learn in these missions as they develop and implement their
independent project at the end of the year. A teacher may use additional resources in the community - the guidance
of other teachers in the school, the advice of scientists or biomedical professionals, or the knowledge presented in
scientific literature to help students achieve each goal.
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B. COURSE CONTENT

Course Purpose (REQUIRED):

What is the purpose of this course? Please provide a brief description of the goals and expected outcomes. Note:
More specificity than a simple recitation of the State Standards is needed.

Problem 1: Design of an Effective Emergency Room

In this problem students apply their knowledge of emergency medical careers, diagnostic testing and patient
evaluation, human body systems, and medical interventions to analyze the workings of an emergency room and
discuss inefficiencies that may hinder appropriate clinical care. Student teams will work collaboratively to design a
more efficient emergency medicine delivery system. As students work through their designs, they will review
research methods, practice effective presentation skills, and learn project management techniques.

Problem 2: Exploring Human Physiology

In this problem students build upon what they know about the research process in order to design, conduct, and
analyze an experimental study. Students will choose a question relating to one or more body systems that they are
interested in studying and will work with a team to investigate and answer that question. As students work through
the experimental process, they will review and expand what they know about experimental design, collection of
data, statistical analysis of data, and the presentation of data.

Problem 3: Designing a Medical Innovation

In this problem students review the diseases and disorders, as well as the corresponding medical interventions they
have investigated in the previous courses, and propose a new or better medical device, pharmaceutical, surgical
procedure, or genetic intervention. Students will work with a team to build a prototype, model, or schematic of the
intervention as well as develop a marketing plan for the product. As students work through this problem, they will
review the design process, complete a literature review, and further practice effective presentation skills.

Problem 4: Investigating Environmental Health

In this problem students will explore how substances or chemicals in the environment impact human health.
Students will investigate a disease cluster in a fictional family and assess the activities of the individuals for
environmental risks. Students will test water samples for the presence of contaminants that could be detrimental to
human health and use molecular biology techniques to identify specific microorganisms. Students will explore the
field of toxicology and design an experiment to test the effects of a particular chemical and doses of that chemical
on plant growth. Students will then compile a comprehensive environmental health profile and action plan for their
local area.

Problem 5: Combating a Public Health Issue

In this problem students draw on information they have learned in the previous courses about public health,
epidemiology, and disease diagnosis to work through one of two epidemiology studies. In each study students will
analyze data to define the outbreak, generate a hypothesis by diagnosing the patients’ symptoms and identifying the
disease pathogen, design and analyze an epidemiological study to test the hypothesis, and outline a plan for
initiating control and prevention measures. Students will then identify a local, national, or global public health crisis
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and write a mini-grant proposal, based on the National Institutes of Health grant structure, outlining a plan with
intervention strategies. As students work through this problem, they will review evidence analysis, the design
process, methodology, and analyze study data to evaluate risk.

Problem 6: Molecular Biology in Action

In this problem students will complete a multi-step, long-term molecular biology experiment. Students will design
and work through a protocol to construct and clone recombinant DNA. They will perform DNA ligation and bacterial
transformation, as well as restriction analysis of the completed plasmid. Alternatively, students will work through a
more in-depth DNA cloning and sequencing project. This laboratory investigation provides students with the
opportunity to isolate plant DNA, perform a ligation and bacterial transformation, purify a plasmid, submit DNA for
sequencing, and present all work to GenBank, the NIH genetic sequence database, for publication. As students work
through either of these projects, they will learn new laboratory skills, practice laboratory troubleshooting
techniques, and review proper protocol for research notebook documentation.

Problem 7: Forensic Autopsy

In this problem students will work as medical experts to work through mysterious death cases. First, as forensic
pathologists, students will examine a fetal pig using the same protocol as a human autopsy. Second, students will
draw on information they have learned in the previous courses about human body systems to design a fictional
death case. Students will showcase the clues left behind in the body and tell the story of how the person died
through medical documents, including an autopsy report and medical history forms. Students will finally be tasked
with solving another group's proposed case.

Problem 8: Independent Project

In this problem students will work independently to determine an area of interest in the biomedical sciences and
work on a long-term open-ended problem. Students will use skills learned in the previous courses as well as the
previous problems to help them complete their project. Student work will include completing a literature review,
writing and carrying out the methodology for their project, analyzing the results, making adjustments as needed,
and finally presenting the results of their work to an adult audience. Students may work with mentors or advisors
from a university, hospital, physician’s office, or industry partner to help guide them as they complete their work.

Course Outline (REQUIRED):

Detailed description of topics covered. All historical knowledge is expected to be empirically based, give examples.
Show examples of how the text is incorporated into the topics covered.

Lesson 1

In this lesson students will focus on biomedical problems related to clinical care. Hospitals and emergency care
centers strive to provide quality care to all who enter, but time is of the essence. Timely patient care can make
the difference between life and death. The first mission of the course is to design an emergency department

that takes efficient patient care to the next level. Using knowledge they have gleaned in the previous courses
regarding emergency medical careers, diagnostic testing and patient evaluation, human body systems, and
medical interventions, students will analyze the workings of an emergency room, discuss inefficiencies, and work
with a team to design a more efficient emergency medicine delivery system. As students work through a solution,
they will also review research techniques and proper documentation of sources, practice presentation skills, and
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discuss project management.

Problem 1: Design of an Effective Emergency Room

Use strategic and systematic design and inquiry processes to guide the development of an effective solution.
Assess online resources for credibility and accuracy.

Solve a problem using analytical and critical thinking skills.

Explain why scientists must have the courage to take a calculated risk.

Design a medical space that is conducive to patient wellness and improves patient outcomes.

Create or improve a medical innovation using a design process.

Analyze health and disease data to inform public health decisions.

Demonstrate awareness of the education and skills required for biomedical science professionals.

Use project management (Gantt charts, timelines, or other means) to successfully and efficiently complete
tasks as scheduled.

Apply professional standards as they apply to the habits and characteristics of a biomedical professional.
e Communicate effectively with a specific audience.

e Create an effective team environment to promote successful goal attainment.

Problem 1 Labs: N/A

Lesson 2

Whether trying to learn more about the functioning of the human body and the cause of disease, investigating
new diagnostic procedures, or testing new or better treatment options, the biomedical sciences rely on scientific
research. Scientific research is the systematic method of finding answers to testable questions and making
observations for the purpose of learning new facts or testing the application of theories.

In this mission students will learn about the variety of research study designs available and how to set up and
conduct valid and reliable studies. Students will investigate the various ways in which data can be manipulated,
explore what to look for when evaluating data presented by others, critique scientific data presented in popular
media, and compare such data with scientific data presented in scientific journals. Students will learn one process
that scientists use to statistically analyze data and then use this process to analyze the results of a scientific
investigation. Finally, students will use everything they have learned in order to design, conduct, and analyze an
experimental study relating to one or multiple body systems that they are interested in studying.

Problem 2: Exploring Human Physiology

e Identify how scientists design research studies to find the most accurate answer to a question they are
asking.

Use statistical analyses to draw meaningful conclusions from experimental results.

Design an experiment that investigates a research question.

Select and use appropriate tools and technology for experimental and clinical data collection and analysis.
Collect and analyze data to draw a conclusion.

Use statistics to solve biomedical science problems.

Problem 2 Labs: 2.1 Human Physiology Lab (self-designed by students)

Page 5 of 14




Lesson 3

Whether it is creating a product from scratch or improving a current design, biomedical professionals work to
create specialized products that save lives and make patients safer and more comfortable. In this lesson

students will work through a design process to create or improve a medical innovation. Students will investigate
the evolution of various biomedical products, brainstorm ideas for a new biomedical product or for a way to
improve an existing product, and evaluate solutions of the past and present. Students will explore possible design
solutions, select the best approach, and develop a design proposal. Finally, students will showcase their designs
with a model, prototype, or schematic and create a marketing plan to pitch their product to potential investors.

Problem 3: Designing a Medical Innovation

Describe advances in biomedical science that have significantly improved the quality and longevity of life.
Describe how the design process is used to develop a new product or system.

Solve a problem using analytical and critical thinking skills.

Create an effective team environment to promote successful goal attainment.

Maintain a detailed repeatable account of the experiment in a physical or digital laboratory notebook.
Display data appropriately and accurately in multiple formats (graphs, tables, diagrams).

Explain how breaking a large project into many smaller tasks allows modifications to be made as necessary
and serves as a means to monitor progress toward completion of the project.

Problem 3 Labs: N/A

Lesson 4

Pollution or contamination in the environment can impact the incidence of disease and affect overall quality of

life. In this lesson students will investigate various aspects of environmental health. They will be presented with a
fictional family who are all showing gastrointestinal symptoms caused by something in their environment. Through
this case students will identify environmental health concerns and toxins and identify potential exposures in their
own daily lives. Students will test a local water sample as well as simulated well water from the case for the
presence of coliforms and E. coli. Students will then isolate DNA from three different bacterial cultures and perform
PCR in order to detect which bacterial strain present in the water is making the family sick.

Students will study the relationship between exposure and illness using a case study involving lead poisoning.
They will design an experiment to test the effects of a particular chemical and doses of that chemical on plant
growth. They will use their results to produce a dose-response curve and relate this graph to the overall effect of
the selected chemical. In the final problem, students will compile a comprehensive environmental health profile
for their local area. They will use publicly available databases, as well as personal contacts and visits, to uncover
possible sources of environmental contamination in the community and to assess risk and level of exposure to
people, wildlife, and environmental resources. Students will use their compiled information to design an action
plan to increase awareness, monitor resources or individuals in the community, improve conditions, and ensure
a clean and safe environment.
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Problem 4: Investigating Environmental Health

e Describe how substances in the environment affect human health.

e Identify factors that help determine how a person will respond to toxins.

e Analyze how the study of trends in health in a particular community can identify potential environmental
contaminants.

e Evaluate the impact of environmental factors on human health.

e Use proper techniques to identify strains of bacteria.

e Describe the impact that biomedical science research & interventions have on disease prevention and
treatment.

Problem 4 Labs: 4.1.2 Water Quality Lab [, II, ITI; 4.1.3 Qualitative Intro to Water Pollution

Lesson 5

Students will play the role of epidemiologists, dedicated medical professionals at the heart of the public health
field, as they monitor the health of populations and search for patterns in disease. Students will investigate one

of two mystery illnesses. They will evaluate patient diagnostic test results to identify the mystery illness, assess
evidence to deduce the source of the illness, design and analyze an epidemiological study to test the proposed
source, and plan control and prevention efforts to limit future cases of the mystery illness. In this problem students
will investigate major health issues in their local area, across the United States, and around the globe. They will
evaluate what types of interventions would address these health issues and begin to identify where they feel a

a comprehensive public health plan will have the greatest impact. The proposed intervention plan could target an
infectious disease, a chronic illness, a specific injury or set of injuries, a mental illness, or any other pressing health
concern and will focus on the treatment, prevention, research, or education efforts surrounding the chosen health
issue. Students will present the plan in the form of a grant proposal.

Problem 5: Combating a Public Health Issue

e Describe how epidemiologists investigate a potential disease outbreak.

e Identify factors that determine when to use a case-control versus a cohort study.

Explain how the distribution of infectious disease and chronic illnesses in a given area relate to lifestyle,
culture, and access to medical care.

Collect and analyze data to draw a conclusion.

Explain the value of diverse perspectives in the problem-solving process.

Create or improve a medical innovation using a design process.

Analyze health and disease data to inform public health decisions.

Analyze data from epidemiological studies to investigate the symptoms, pathogen, and transmission pattern
of a mystery illness.

Identify medical interventions that can address global health issues.

e Demonstrate awareness of the societal impacts of biomedical science professionals.

Problem 5 Labs: N/A
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Lesson 6

In the previous BMS courses, students have investigated and practiced many of the laboratory techniques of
biotechnology and molecular biology. In this problem students have a chance to build upon these skills as they
complete one of two long-term projects. Both projects allow students to assemble a recombinant plasmid as they
ligate, or link, DNA from two different sources. Students will then analyze the results of this ligation through both
transformation and restriction analysis.

The second project, described in Problem 6.1.3, asks students to take the process one step further. They will purify
the plasmid, sequence the gene of interest, analyze gene data using bioinformatics databases, and submit final work
to GenBank, the NIH genetic sequence database, for publication. Before beginning either wet lab portion of the
problem, students will review what they have learned about restriction enzymes. They will complete preliminary
logic puzzles to explore the process of ligation and demonstrate how digestion with restriction enzymes, and
subsequent gel electrophoresis of the digestion results, can identify specific ligation products. As students work
through either laboratory project, they will learn new skills, practice laboratory troubleshooting techniques, and
review proper protocol for research notebook documentation.

Problem 6: Molecular Biology in Action

Use plasmids in a lab to clone a gene.

Identify ways in which molecular biology will shape the future of pharmacology and medicine.

Design an experiment that investigates a research question.

Collaborate with a mentor who is an expert in their field.

Describe why experimental design is a continual process.

Outline how iterative processes inform biomedical science decisions, improve solutions, inspire new ideas.

Problem 6 Labs: 6.1.2 Construction and Cloning of a DNA Recombinant

Lesson 7

In this lesson students will assume the role of a forensic pathologist to perform an autopsy on a fetal pig, an animal
whose anatomy, both internal and external, is very similar to human anatomy. They will examine the fetal pig and
note any abnormalities using the same protocol as a human autopsy, including examination of the tissues, organs,
systems, and body fluids. Student will then create a fictitious death scenario and showcase the clues left behind

in the body to tell the story of how the fictional person died through an autopsy report, medical history forms, and
other documents of their choosing. Student groups will then exchange scenarios and be tasked with solving each
other’s mysteries.

Problem 7: Forensic Autopsy

e Identify anatomical structures and functions.

e Use proper dissection techniques to expose and analyze the anatomical structures of a fetal pig.

e Use medical background information, clues left with a body, and anatomical observations to determine how
a person died.

Problem 7 Labs: 7.1.1 Fetal Pig Dissection
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Lesson 8

This lesson provides students the opportunity to complete an independent project of their choice. Students will be
challenged to apply the skills and knowledge they have learned throughout their biomedical science coursework,
especially their time and project management skills. Projects could include a series of experiments to answer a
question, planning a community event related to biomedical science, prototyping a medical or healthcare device,
drawing blueprints for a new hospital or doctor’s office design, or completing an internship. Each project will result
in the creation of a product. The choice of project will determine the product. For example, if a student chooses to
do a series of experiments, the product could be a laboratory report or a research poster. A student who completes
an internship may make a multimedia presentation of the experience. A community event might be the product of a
student who wants to inform people about healthy living habits or about a specific illness. Just as the choice of the
project is up to you and the student, so is the choice of the product.

Students will review the mission reflections they wrote for the previous lessons, brainstorm topics, and do
background research about a topic they choose. They will use their research to write a formal proposal for their
project. These will be submitted to you for approval. You and the student will agree on intermediate milestones
and products that will be submitted to you. This will allow you to monitor the student’s progress on the project.
Upon completion of the project, the student will submit a completed product, a written report, a portfolio, and
present an oral report to a professional audience.

Problem 8: Independent Project

Design an experiment that investigates a research question.

Collaborate with a mentor who is an expert in their field.

Write a proposal for an independent project.

Collect and analyze data to draw a conclusion.

Select and use appropriate tools and technology for experimental and clinical data collection and analysis.
Research and compile information about a chosen topic.

Communicate effectively with a specific audience.

Follow acceptable formats for writing assignments and professional presentations.

Evaluate the reliability and credibility of sources when gathering information.

Properly cite references for all reports in an accepted format.

Problem 8 Labs: N/A

Writing Assignments (REQUIRED):

Give examples of the writing assignments and the use of critical analysis within the writing assignments.

Students will maintain a formal laboratory notebook.

Students will maintain a career journal.

Technical writing will consist of formal lab reports and case reports. Reports will include background
research with properly cited primary sources, analyzed experimental data, discussion, and a conclusion.
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INSTRUCTIONAL MATERIALS (REQUIRED)

Textbook #1: N/A

Title: Edition:

Author: ISBN:

Publisher: Publication Date:
Usage:

[(J Primary Text
[J Read in entirety or near

Textbook #2: N/A

Title: Edition:

Author: ISBN:

Publisher: Publication Date:
Usage:

[J Primary Text
[J Read in entirety or near

Supplemental Instructional Materials Please include online, and open source resources if any.

e UC Santa Cruz University Library: http://library.ucsc.edu/help/howto/write-a-literature-review

e United States Patent Search: https://ppubs.uspto.gov/pubwebapp/static/pages/ppubsbasic.html
e PubMed.gov / U.S. National Library of Medicine - http://www.ncbi.nlm.nih.gov/pubmed/

e Nature Magazine: http://www.nature.com/

e Science Magazine: http://www.sciencemag.org/
e New England Journal of Medicine: http://content.nejm.org/

e The Journal of the American Medical Association: http://jama.ama-assn.org/

Estimated costs for classroom materials and supplies (REQUIRED). Please describe in detail.
If more space is needed than what is provided, please attach a backup as applicable.

Cost for a class set of textbooks: $ Description of Additional Costs:

Additional costs: $5000 Lab and activity supplies

Total cost per class set of instructional materials: | $5000-

Page 10 of 14


http://library.ucsc.edu/help/howto/write-a-literature-review
https://ppubs.uspto.gov/pubwebapp/static/pages/ppubsbasic.html
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.nature.com/
http://www.sciencemag.org/
http://content.nejm.org/
http://jama.ama-assn.org/

Key Assignments (REQUIRED):

Please provide a detailed description of the Key Assignments including tests, and quizzes, which should
incorporate not only short answers but essay questions also. How do assignments incorporate topics? Include all
major assessments that students will be required to complete.

Group presentations
Case study analysis
Graphic organizers
Lab notebooks

Lab practicum
Projects

Lab or case reports
Lesson quizzes

Unit exams

Instructional Methods and/or Strategies (REQUIRED):

Please list specific instructional methods that will be used.

Collaborative groups work
Hands-on laboratory experiments
Virtual simulations
Experimental design
Modeling

Role playing

Graphing

Direct interactive instruction
Note taking

Issue-based inquiry

Group discussions

Debate

Group presentations

Assessment Methods and/or Tools (REQUIRED):

Please list different methods of assessments that will be used.

Group presentations
Individual and group projects
Lab notebooks

Lab practicum

Lab or case study reports
Lesson quizzes

Unit exams

Cumulative final project
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COURSE PACING GUIDE AND OBJECTIVES (REQUIRED)

Day(s) | Objective Standard(s) Chapter(s) Reference
20 Problem 1: Designing an Effective Emergency N/A N/A N/A
Room
23 Problem 2: Exploring Human Physiology N/A N/A N/A
16 Problem 3: Designing a Medical Innovation N/A N/A N/A
25 Problem 4: Investigating Environmental Health N/A N/A N/A
18 Problem 5: Combating a Public Health Issue N/A N/A N/A
19 Problem 6: Molecular Biology in Action N/A N/A N/A
12 Problem 7: Forensic Autopsy N/A N/A N/A
15 Problem 8: Independent Project N/A N/A N/A

C. HONORS COURSES ONLY

Indicate how much this honors course is different from the standard course.

The honors course includes a cumulative final project that incorporates knowledge from all four courses in the
Biomedical Science Pathway. The independent project is an open-ended problem that allows students to explore
an area of biomedical science that is of individual interest. A student may participate in an internship, a clinical
experience, a mentored research experience at a university, complete an independent design for a medical
intervention, do research within the classroom, or participate in any other learning experience that the teacher and
the student agree is appropriate.

Regardless of the type of project that is developed the student will be required to work independently or with
collaborative partners to create and deliver an oral presentation with appropriate visual aids. The visual aids could
be a research poster, a research paper, a multimedia production, a new or improved product, or any other tangible
product that showcases the learning and the work the student did on the project.

D. BACKGROUND INFORMATION

Context for course (optional)

The following outlines the skills and content knowledge students are expected to obtain in the Honors Biomedical
Innovation course. It includes computational and analytical skills as well as technical skills that come from
experience with tools, software, lab work, and engineering design. This detailed list of skills and knowledge
illustrates the immediate, applicable contributions that BI students can make within a workplace.
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Laboratory Skills

Aseptic technique

Bacterial plating

Micropipetting

Restriction enzyme digestion

DNA gel electrophoresis

Multiplex Polymerase Chain Reaction (PCR)
DNA ligation

Bacterial transformation

Restriction analysis of plasmids

Equipment and Software Proficiencies

Productivity software (Google Docs, Sheets, Slides)
Vernier probes and sensors

Data Acquisition Software (Vernier Logger Pro)
Microscope

Thermal cycler

Scientific Experimentation Skills

Design and conduct reliable scientific experiments

Analyze and interpret laboratory data

Statistics analysis of data, including t-tests

Construct graphs (by hand and using graphing software)

Interpolate and extrapolate data from a graph

Draw conclusions based on experimental data

Thoroughly and clearly communicate results and conclusions both orally and in writing

Professional Skills

Group collaboration

Planning and organizing

Time management
Problem-solving

Technical writing

Verbal and written communication
Decision-making

Creative thinking

Course Knowledge

Homeostasis

Biomedical science careers

Design process

Emergency room efficiency

Scientific research

Design and marketing of a medical innovation
Literature review
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Environmental health and environmental contamination
Water quality testing

Dose-response of chemicals or medications
Epidemiologic studies

Grant proposals

Public health planning and policy

Construction and cloning of recombinant DNA

Autopsy and determination of cause of death

History of Course Development (optional)

This course was first written in 2016. In 2021, it was revised to include the Honors designation and update the
course prerequisites and corequisites. The purpose of the current revision is to update the title and make the
course more accessible to students throughout the district.
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