  Engineering Problem Solving

“Foundations for meeting ABET performance criteria”
Long-term Behaviors

Professional Profile relating and supporting to ABET
A. Knowledge: Has a solid foundation of key mathematical, scientific and engineering principles that can be effectively and efficiently applied in doing engineering analysis, and when lacking can obtain the critical information and understanding to solidify this knowledge.
B. Research (experimentation): Can pose quality questions of inquiry, develop a thorough literature search of what is known, methods of experimentation, then pose an hypothesis that answers the key research question, then develops the experimental design and processes that produce results in way that addresses and answer the research question;.
C. Design: Effective in supporting an engineering design process by being able to effectively determine a client’s needs, takes care of the client(s) during process, quickly produces a prototype that meets the design specifications so all stakeholders can assess the design’s ability to meet clients and society’s needs and expectation and with thorough quality testing, the process, system or component evolves to meets specifications within the given constraints.

D. Teaming (project management):  Effective at developing a strong project plan, build an effective team that collectively buys into the goals and philosophy, consistently facilitates each persons role, needs, and performance, and constantly monitors the plan and assesses to make consensus decisions to improve performance of the team.

E. Problem Solving: Locates and identifies key problems that are define with consensus with clearly articulate issues and working assumptions, and then systematically partitions and integrates known workable solution into a validated and documented solution that has been generalized across additional opportunities.

F. Professionalism: Are known for their ability to deliver an effort on time that exceeds expectation by not over committing, taking on challenges they know they can accomplish, know what the expectations are and will not let barriers become excuses. 
G. Communication: Effective with communication by being an active listener, uses other discipline’s languages when working with clients, can easily reposition a message to connect with an audience, resulting in strong presentations and effective reports, using state-of-the-art graphics.

H. Cultural competence: Is constantly aware of themselves in their environment, and through effective cultural analysis, can assimilate effectively with traditions, customs, languages and cultural values, without losing their own values, and presents themselves in a very personable manner by appreciating diversity in others.  

I. Life-long Learner: Has develop and uses strong learning skills and annually lays out their professional development activities and efforts, that align with their long-term learning plan and leverages daily situations by balancing current productivity vs. opportunities for learning and development.

J. Contemporary : Able to grasp larger viewpoints than most by taking on a variety of perspectives to be build a strong framework of the cultural, social, organizational, economic, technology and other key influences on society while seeing trends of what will happen in future thus allowing to take on larger perceived risks 

K. Tool Mastery: Have built a strong and effective tool kit, know where to obtain resources, and are technically competent in their ability to quickly grasp and use all forms of new technology and tools, with awareness of where technology is headed and limited.

1. Modeler:  Is purposeful in thought and takes in ideas and models from a variety of people and sources, identifies key variables and relationships, makes solid connections and synthesizes them into a simple, coherent and well developed framework.

2. Ethical: Has strong integrity, with a well-developed value system in alignment with code of professional ethics, is considered trustworthy and honest, and when presented with ethical dilemmas stays true, walks the walk of their values and the code of ethics, and thus takes full responsibilities for decisions and actions.

3. Organizational/Society Member:  An effective organizational community member that clearly understand their job performance criteria, the organizational structure, processes, and systems, so that they can flexibly move between, but can remain within role function when necessary, comes across as very supportive in helping other perform their roles, have the teamwork skills to make all team endeavors enjoyable and successful.

4. Servant Leadership: Understands and walks the belief that life’s true value is how much they assist others in increasing the quality of their life vs. themselves by proactively reaching out and providing means of empowerment to assist in the development and growth of individuals and organizations who need help. 

5. Reflective Practice: Values and practices both self-assessment and reflection to help personally and professionally to improve performance and the quality of life based upon both personal and professional values, and takes these skills and helps other to improve their performance through quality peer-assessment, mentoring, and systematic continuous quality improvement.

6. Networking: Evolving an international network of professionals within and outside the discipline by building personal relationships with key individuals through professional and community collaborations, efforts to strengthen both professional and community organizations.

ENGINEER PROFILE

Roles and Holistic Behaviors of an Engineer

	Technical Roles
	Holistic Technical Behaviors

	Analyst
	When conducting engineering analysis, the engineer adeptly applies principles and tools of mathematics and science to develop understanding, explore possibilities and produce credible conclusions.

	Problem Solver
	When facing an engineering problem, the engineer produces solutions that properly address critical issues and assumptions that are conceptually and contextually valid.

	Designer
	When facing an engineering design challenge, the engineer develops designs that satisfy stakeholder needs while complying with important implementation, societal, and other constraints.

	Researcher
	When conducting applied research, the engineer designs and conducts studies that yield defensible results and answer important applicable research questions.

	Interpersonal Roles
	Holistic Interpersonal Behaviors

	Communicator
	When exchanging information with others, the engineer prepares, delivers, and receives messages that achieve desired outcomes.

	Collaborator
	When working with others in joint efforts, the engineer supports a diverse, capable team and contributes toward achievement of its collective and individual goals.

	Leader
	When providing needed leadership, the engineer promotes shared vision to individuals, teams, and organizations and empowers them to achieve their individual and collective goals.

	Professional Roles
	Holistic Professional Behaviors

	Self-Grower
	Motivated for lifelong success, the engineer plans, self-assesses, and achieves necessary personal growth in knowledge, skills, and attitudes.

	Achiever
	When given an assignment, the engineer demonstrates initiative, focus, and flexibility to deliver quality results in a timely manner.

	Practitioner
	Driven by personal and professional values, the engineer demonstrates integrity and responsibility in engineering practice and contributes engineering perspectives in addressing societal issues.





Behavior-Based Profile of an Engineer

	Role
	Behaviors or Observable Actions

	Analyst
	a. Searches strategically to identify all conditions, phenomena, and assumptions influencing the situation

b. Identifies applicable governing principles of mathematics, natural sciences, and engineering sciences

c. Selects analysis tools consistent with governing principles, desired results, assumptions, and efficiency

d. Produces and validates results through skillful use of contemporary engineering tools and models

e. Extracts desired understanding and conclusions consistent with objectives and limitations of the analysis

	Problem Solver


	a. Examines problem setting to understand critical issues, assumptions, limitations, and solution requirements

b. Considers all relevant perspectives, solution models, and alternative solution paths

c. Selects models for obtaining solutions consistent with problem type, assumptions, and solution quality

d. Applies selected models, methods, and data to produce desired solution

e. Validates results and interprets the solution to the needs and assumptions made

	Designer


	a. Searches widely to determine stakeholder needs, existing solutions, and constraints on solutions

b. Formulates clear design goals, solution specifications (including cost, performance, manufacturability, sustainability, social impact), and constraints that must be satisfied to yield a valuable design solution

c. Thinks independently, cooperatively, and creatively to identify relevant existing ideas and generate original solution ideas

d. Synthesizes, evaluates, and defends alternatives that efficiently result in products (components, systems, processes, or plans) that satisfy established design criteria and constraints to meet stakeholder needs

e. Reviews and refines design processes for improved efficiency and product (solution) quality

	Researcher
	a. Formulates research questions that identify relevant hypotheses or other new knowledge sought

b. Plans experiments or other data gathering strategies to address questions posed and to control error

c. Conducts experiments or other procedures carefully to obtain reliable data for answering questions

d. Uses accepted data analysis procedures to infer trends, parameters, and data error

e. Interprets and validates results to offer answers to posed questions and to make useful application

	Communicator
	a. Listens, observes, and questions to assess audience background and information needs

b. Documents and mines available information and differing perspectives for understanding and application

c. Prepares a message with the content, organization, format, and quality fitting the audience and purpose

d. Delivers a message with timeliness, credibility, and engagement that achieve the desired outcomes efficiently

e. Assesses the communication process in a real-time manner to advance its effectiveness

	Collaborator
	a. Respects individuals with diverse backgrounds, perspectives, and skills important to the effort

b. Values the importance of roles and will stay within role and support others in their roles

c. Contributes to development of consensus goals and procedures for effective cooperation

d. Resolves conflicts toward enhanced buy-in, creativity, trust, and enjoyment by all

e. Contributes to and accepts feedback and change that support continuous improvement

	Leader
	a. Facilitates and articulates a shared vision valued by targeted individuals, groups, or organizations

b. Motivates others to action by crafting a compelling yet credible case for achieving desired goals

c. Provides authority and resources and removes barriers to aid others’ success

d. Supports risk-taking and growth by creating trust, providing counsel, and modeling desired attributes

e. Encourages achievement by recognizing and rewarding individual and group successes

	Self-Grower
	a. Takes ownership for one’s own personal and professional status and growth

b. Defines personal professional goals that support lifelong productivity and satisfaction

c. Regularly self-assesses personal growth and challenges to achieving personal goals

d  Achieves development planned to reach personal goals

e. Seeks out mentors to support and challenge future growth and development

	Achiever
	a. Accepts responsibility and takes ownership in assignments

b. Maintains focus to complete tasks on time amidst multiple demands

c. Takes appropriate actions and risks to overcome obstacles and achieve objectives

d. Monitors and adapts to changing conditions to ensure success

e. Seeks help when the challenge exceeds current capability in the given time constraints

	Practitioner
	a. Displays integrity, consistency, ethical, and professional demeanor in engineering practice and relationships

b. Embraces and employs appropriate professional codes, standards, and regulations

c. Engages with engineering professionals and organizations to support excellence in engineering practice

d. Demonstrates citizenship through service to society on local, national and/or global scales

e. Brings responsible engineering perspectives to global and societal issues


Profile of a Self-Grower  

Self-growers function at the highest level of learning.  In addition to being exemplars of excellent learner performance, they also model the process of personal development in general.  With strong learning and self-assessment skills, self growers have the greatest capability to develop their skills and improve their future performance.  The following attributes define a self-grower.

A self-grower…
•
has a high degree of self-confidence and emotional maturity.

•
has a strong desire to grow and develop in all aspects of his or her life.

•
uses information effectively for specific needs and processes information in an efficient manner to limit “information overload.”

•
has developed emotionally so that he or she is willing to take risks to put himself or herself in challenging environments which require an increased performance level.

•
creates his or her own challenges, but also responds to external challenges that are personally critical or important to society.

•
seeks to improve his or her own performance with every experience.

•
takes control of his or her own destiny—there are no bounds.

•
serves as a mentor to others.

•
thinks critically in different contexts so as to be efficient while producing quality results from the processes utilized.

•
self-assesses and self-mentors to facilitate his or her own growth.

•
is a strong problem solver who understands and recognizes relevant problems and can properly define them; he or she can also clarify issues and identify critical assumptions associated with problems.

Profile of Good Problem Solvers
Problem solvers:

· have a strong desire and ability to identify and define the current problems confronting a process, system, person or group.

· enjoy the problem solving process and as much as the solutions generated by the process.

· seek to improve their skills by self-assessing their use of the problem solving process.

· work to increase their ability to manage frustration so they can take on more challenging problems.

· generate activities that produce opportunities to solve more intellectual problems.

· adapt to and make effective use of changing technological environments.

· seek out, learn, and use technological tools to improve the quality of their use of the problem solving process and the presentation of problem solutions.

· logically identify key issues by utilizing previous problem solutions and/or outside expertise.

· seek to improve the quality of problem solutions through the selection and use of better analytical modeling and tools.

· partition a problem into a clear set of manageable subproblems.

· produce multiple problem solutions 

· effectively integrate subsolutions into a cohesive solution.

· assess the problem solution to make sure that every underlying assumption has been identified, tested, and documented

· make sure that every solution is tested for both reliability and robustness.

· produce a documented problem solution that others can accept for quality.

Table 1:  Profile of a Quality Learner
	Information processing
	· Accesses information quickly

· Distinguishes relevant from irrelevant information

· Engages all senses to access information

· Uses appropriate tools and technology

· Learns new tools and technologies to facilitate learning

· Attributes results to causation

	Values


	· Has a vision for life and can articulate goals and objectives with measurable outcomes

· Uses learning to clarify personal value system.

· Responds ethically to strong challenges

· Respects and values the difficulty and importance of learning

· Approaches tasks with confidence in ability to master new learning.

	Learning skills
	· Takes responsibility for own learning process

· Demonstrates interest, motivation, and desire to seek out new information, concepts, and challenges.

· Validates own growth and understanding, without need for outside affirmation

· Actively seeks out ways to improve learning skills

· Integrates new concepts within a general systems perspective and grasps instructions as part of a logical structure

· Develops stronger learning skills by modeling the learning process itself.

	Interpersonal skills
	· Easily interacts with other people on productive teams

· Seeks models and mentors to enhance learning.

· Understands and appreciates the values of others.

	Intrapersonal skills
	· Focuses energy on the task at hand

· Perseveres through difficult tasks, making good decisions about when to seek help

· Judiciously takes risks to advance personal growth

· Uses failure as a frequent and productive road to success

· Prioritizes tasks to effectively live a balanced life

· Assesses goals and makes appropriate changes to reach goals.

· Structures physical and social environment to facilitate goal attainment

	Thinking skills
	· Uses inquiry, questioning, and critical thinking to gain new insights 

· Clarifies, validates, and assesses understanding of concepts 

· Applies concepts to new contexts

· Transfers and synthesizes concepts to solve problems

· Continually assesses own performance

· Clarifies, validates, and assesses understanding of concepts

· Re-visions to get back on track when planned path is blocked or ineffective.


Step 2:  Course Intentions

Purpose of course

· To connect students to the engineering discipline to avoid retention issues

· To solicit students to take ownership in their own growth towards the engineering profile thus supporting ABET

· To help faculty understand how to implement quality learning experiences that grow students’ performance in engineering

· To help students to be more effective in the math, science, and engineering sciences courses during their first two years.

· To provide modules to help students and faculty to bring new educational practices into the engineering curriculum thus supporting   ABET a-k

Broad Learning Goals

1. Advance problem solving process

2. Connect math and science to engineering problem solving

3. Explore and improve performance in elevating learning to level 4 on Bloom’s

4. Reflective practice
5. Building and applying mathematical models

6. Teamwork process and skills

7. Communication skills improvement

8. Tool usage and technology growth and comfort

Step 3:  Learning Outcomes

Competencies
Students at the end of the course can:

1. Learn a new software tool and use its basic features and functions within 3 hours.

2. Produce a 5 minute presentation that explains the process and outcome of a mini-project.

3. Write a technical report that meets the pre-described specifications in form.

4. Run a team meeting to produce a set of outcomes aligning with projects goals and current efforts

5. Can analyze a mathematical model to bring meaning and do what if scenarios based upon changing variables.

6. Can produce accurate computations with basic mathematical and graphics analysis

7. Can read, interpret and produce a wide-range of functional and analytical graphs

8. Can analyze a set of methods to carry out an effective experiment with controlled error to produce expected results

9. Can use a reflective journal for consistent assessment of one’s own learning processes so that learning performance can continue to improve

10. Can analyze the external situation, to determine basic factors such as social, economic, political, or cultural considerations must be accounted for when solving a problem or designing a solution

Movements

1. Problem Solving -  Advancement in identifying, defining, clarifying issues and assumptions, partitioning, modeling, integrating, testing, generalizing, and documenting problem solving process

2. Design – Improving client needs analysis, the clarifying of constraints and specifications, prototyping, assessing while iterating, testing, and bringing to completion a process, system, or component that meets design specifications.

3. Team work – strengthen the collaborative mindset, willingness to play key roles, realize the value of compromising, improve in interpersonal skills, and willingness for others to be acknowledged for their success
4. Learning Math & Science – Identifying the schema, clarifying the key principles, obtaining and processing examples or models of the principles, knowing the underlying fundamental assumptions and  relationships, and testing understanding by contextualizing and applying to familiar and unfamiliar situations to build transfer skills
5. Modeling – defining a system, its key components, the significant variables, inputs and outputs of the system, diagramming the system, and describing the relationships both in visual and symbolic forms.
6. Self-development – through on-going reflections and self-assessment, identify key areas for growth, identify mentors, structure self-improvement projects, assess progress – strengths and accomplishments along with areas for improvement, and celebrate growth with those who have helped you along the way
Experience 

Students will be given challenging learning situations that require both collaboration and cooperation to meet a set of performance criteria in a public arena, where the performance is interdependent on others’ performance. You then will be given an increasingly more difficult set of problems to solve individually as well as in teams. These problems will be assessed and improved upon through peer-assessment. Additionally, you will be able to leverage experiences from designing different processes, systems, or products because of assessing these design efforts. The results of your efforts will always be public with the opportunity for assessment that can be integrated into future plans for growth. Through these challenges, you will feel many ups and downs that are fairly significant and gives you opportunity to grow your emotional maturity and affective skill set. The learning processes and the environment created will expect you to be professional consistently, coming to activities well-prepared, seeking to be at peek performance, and reflecting on practice to help yourself and others to improve daily performance. The enriched learning environment will constantly challenge you to seek higher levels of learning and developing action plans for improvement and growth.
You will have many opportunities to analyze the values, opportunities, requirements, ethical code, daily functions, activities, credentials and rewards of the engineering related professions. In order to understand and appreciate a profession, you will create a life vision portfolio that will require you to research your past accomplishments, academic achievements, friends, family, disappoints or failures, mentors, and critical past history. In addition you will explore a life legacy, vision future conditions, family, career, and educational plan. From contrasting past to future, you will then analyze who you are by taking a series of self-analysis instruments, doing a value analysis, and clarifying who you are and where you want to go. You will also explore the college that you are a community member to determine your role, expectations, systems, and resources that are available for your successful transition into higher education. This self-awareness will allow you to clearly understand your passion for the engineering profession and how to constantly reflect on your plan to update as you develop in life. 
Accomplishments

There will be opportunities for external validation of four key engineering performance areas.

Problem Solving Contest – A campus engineering problem will be given to teams of 4 or 5 who volunteer to assist the college in solving a particular issue or concern to help the college to perform its mission better. A review panel from the college administration will be the clients and the reviewers for the competition.

Design competition - A campus engineering design project will be given to teams of 4 or 5 who volunteer to assist the college in developing an effective prototype for a process area, a system area, or a product, with a given set of specifications, to help the college to perform its mission better. A review panel from the college administration will be the clients and the reviewers for the competition. 

Service Learning Project – Identify a community need that you can effectively help by using your skills to transfer these abilities into the community. Identify and define a project through a proposal that gets funded with co sponsorship of an outside agency and internal agency. The results of the project are then presented with a poster session and 15 minutes presentation. The top 5 projects will be rewarded and acknowledged

National Design Competition

Integrated Performance

Learning:

Independently tackles a new area of knowledge with purpose and direction by

1) identifying the learning outcomes

2) the schema for the discipline and the knowledge

3) clarifies the key knowledge items, their type and levels of learning that expected to meet learning outcomes

4) are proficient readers to gain independent meaning through strong inquiry questions

5) know how to use models and examples to contextualize and transfer knowledge

6) integrates new and past knowledge through applying this knowledge into difficult problem solving situations

7) secures knowledge by validating learning through by differentiating thinking you know (Clouds) from knowing you know (Bricks)
Engineering Practice

The fundamentals of engineering practice are connected by tackling a new client needs by:

1) Identifying and analyzing the wishes from the essentials and clarify constraints of the project

2) Developing a set of specifications to reach consensus before investing critical resources

3) Develop a prototype to clarify for all what the potential solution will look like

4) Assess the prototype and its evolutions in an iterative fashion gaining feedback from all the key stakeholders

5) Continually test the performance of the design to test boundaries and potential issues to increase its quality so that it exceeds expectations

6) Documents the process with a journal that captures process and evolution so improvements can be made

7) Assures that team members are taken care of, challenged, and rewarded during the process.

8) Obtains final satisfaction from the client as the delivery of the final project is done in a timely and professional manner

Step 4:  Knowledge Table 

functions

graphs

tools:  spreadsheet, word processor, power point, mathematical modeling tool, engineering calculator

Computational skills

Problem solving methodology
Communication methodology

teamwork methodology and phenomenon

Learning methodology

Design methodology

Profiles:  self-grower, engineer, problem solver, systems thinker, mathematical thinker, quality learner

Assessment methodology

scientific methodology

Scientific principles – table of the top scientific principles from each discipline (top 10) math, physics (Marie Baehr), chemistry(Dave Hanson), biology (Joan Mysiaki), statistics (Dan), psychology (Cy Leise)
Theory

Laboratory process

Professionalism

Ethical reasoning

Self-assessment/reflection

Reading process

Writing process

Transitioning 
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	Step 1:  Long-term Behaviors

A. Knowledge: Has a solid foundation of key mathematical, scientific and engineering principles that can be effectively and efficiently applied in doing engineering analysis, and when lacking can obtain the critical information and understanding to solidify this knowledge.

B. Research (experimentation): Can pose quality questions of inquiry, develop a thorough literature search of what is known, methods of experimentation, then pose an hypothesis that answers the key research question, then develops the experimental design and processes that produce results in way that addresses and answer the research question;.

C. Design: Effective in supporting an engineering design process by being able to effectively determine a client’s needs, takes care of the client(s) during process, quickly produces a prototype that meets the design specifications so all stakeholders can assess the design’s ability to meet clients and society’s needs and expectation and with thorough quality testing, the process, system or component evolves to meets specifications within the given constraints.

D. Teaming (project management):  Effective at developing a strong project plan, build an effective team that collectively buys into the goals and philosophy, consistently facilitates each persons role, needs, and performance, and constantly monitors the plan and assesses to make consensus decisions to improve performance of the team.

E. Problem Solving: Locates and identifies key problems that are define with consensus with clearly articulate issues and working assumptions, and then systematically partitions and integrates known workable solution into a validated and documented solution that has been generalized across additional opportunities.

F. Professionalism: Are known for their ability to deliver an effort on time that exceeds expectation by not over committing, taking on challenges they know they can accomplish, know what the expectations are and will not let barriers become excuses. 

G. Communication: Effective with communication by being an active listener, uses other discipline’s languages when working with clients, can easily reposition a message to connect with an audience, resulting in strong presentations and effective reports, using state-of-the-art graphics.

H. Cultural competence: Is constantly aware of themselves in their environment, and through effective cultural analysis, can assimilate effectively with traditions, customs, languages and cultural values, without losing their own values, and presents themselves in a very personable manner by appreciating diversity in others.  

I. Life-long Learner: Has develop and uses strong learning skills and annually lays out their professional development activities and efforts, that align with their long-term learning plan and leverages daily situations by balancing current productivity vs. opportunities for learning and development.

J. Contemporary : Able to grasp larger viewpoints than most by taking on a variety of perspectives to be build a strong framework of the cultural, social, organizational, economic, technology and other key influences on society while seeing trends of what will happen in future thus allowing to take on larger perceived risks 

K. Tool Mastery: Have built a strong and effective tool kit, know where to obtain resources, and are technically competent in their ability to quickly grasp and use all forms of new technology and tools, with awareness of where technology is headed and limited.

Supporting Behaviors

1. Modeler:  Is purposeful in thought and takes in ideas and models from a variety of people and sources, identifies key variables and relationships, makes solid connections and synthesizes them into a simple, coherent and well developed framework.

2. Ethical: Has strong integrity, with a well-developed value system in alignment with code of professional ethics, is considered trustworthy and honest, and when presented with ethical dilemmas stays true, walks the walk of their values and the code of ethics, and thus takes full responsibilities for decisions and actions.

3. Organizational/Society Member:  An effective organizational community member that clearly understand their job performance criteria, the organizational structure, processes, and systems, so that they can flexibly move between, but can remain within role function when necessary, comes across as very supportive in helping other perform their roles, have the teamwork skills to make all team endeavors enjoyable and successful.

4. Servant Leadership: Understands and walks the belief that life’s true value is how much they assist others in increasing the quality of their life vs. themselves by proactively reaching out and providing means of empowerment to assist in the development and growth of individuals and organizations who need help. 

5. Reflective Practice: Values and practices both self-assessment and reflection to help personally and professionally to improve performance and the quality of life based upon both personal and professional values, and takes these skills and helps other to improve their performance through quality peer-assessment, mentoring, and systematic continuous quality improvement.

6. Networking: Evolving an international network of professionals within and outside the discipline by building personal relationships with key individuals through professional and community collaborations, efforts to strengthen both professional and community organizations.




	Step 2:  Course Intentions

· To connect students to the engineering discipline to avoid retention issues

· To solicit students to take ownership in their own growth towards the engineering profile thus supporting ABET

· To help faculty understand how to implement quality learning experiences that grow students’ performance in engineering

· To help students to be more effective in the math, science, and engineering sciences courses during their first two years.

· To provide modules to help students and faculty to bring new educational practices into the engineering curriculum thus supporting   ABET a-k
	Broad Learning Goals

· Advance problem solving process

· Connect math and science to engineering problem solving

· Explore and improve performance in elevating learning to level 4 on Bloom’s

· Reflective practice

· Building and applying mathematical models

· Teamwork process and skills

· Communication skills improvement

· Tool usage and technology growth and comfort




	Step 3:  Learning Outcomes



	Competencies
	Movement
	Accomplishment
	Experience
	Integrated Performance

	Students at the end of the course can:

· Learn a new software tool and use its basic features and functions within 3 hours.

· Produce a 5 minute presentation that explains the process and outcome of a mini-project.

· Write a technical report that meets the pre-described specifications in form.

· Run a team meeting to produce a set of outcomes aligning with projects goals and current efforts

· Can analyze a mathematical model to bring meaning and do what if scenarios based upon changing variables.

· Can produce accurate computations with basic mathematical and graphics analysis

· Can read, interpret and produce a wide-range of functional and analytical graphs

· Can analyze a set of methods to carry out an effective experiment with controlled error to produce expected results

· Can use a reflective journal for consistent assessment of one’s own learning processes so that learning performance can continue to improve

· Can analyze the external situation, to determine basic factors such as social, economic, political, or cultural considerations must be accounted for when solving a problem or designing a solution


	· Problem Solving -  Advancement in identifying, defining, clarifying issues and assumptions, partitioning, modeling, integrating, testing, generalizing, and documenting problem solving process

· Design – Improving client needs analysis, the clarifying of constraints and specifications, prototyping, assessing while iterating, testing, and bringing to completion a process, system, or component that meets design specifications.

· Team work – strengthen the collaborative mindset, willingness to play key roles, realize the value of compromising, improve in interpersonal skills, and willingness for others to be acknowledged for their success

· Learning Math & Science – Identifying the schema, clarifying the key principles, obtaining and processing examples or models of the principles, knowing the underlying fundamental assumptions and  relationships, and testing understanding by contextualizing and applying to familiar and unfamiliar situations to build transfer skills

· Modeling – defining a system, its key components, the significant variables, inputs and outputs of the system, diagramming the system, and describing the relationships both in visual and symbolic forms.

· Self-development – through on-going reflections and self-assessment, identify key areas for growth, identify mentors, structure self-improvement projects, assess progress – strengths and accomplishments along with areas for improvement, and celebrate growth with those who have helped you along the way


	There will be opportunities for external validation of four key engineering performance areas.

Problem Solving Contest – A campus engineering problem will be given to teams of 4 or 5 who volunteer to assist the college in solving a particular issue or concern to help the college to perform its mission better. A review panel from the college administration will be the clients and the reviewers for the competition.

Design competition - A campus engineering design project will be given to teams of 4 or 5 who volunteer to assist the college in developing an effective prototype for a process area, a system area, or a product, with a given set of specifications, to help the college to perform its mission better. A review panel from the college administration will be the clients and the reviewers for the competition. 

Service Learning Project – Identify a community need that you can effectively help by using your skills to transfer these abilities into the community. Identify and define a project through a proposal that gets funded with co sponsorship of an outside agency and internal agency. The results of the project are then presented with a poster session and 15 minutes presentation. The top 5 projects will be rewarded and acknowledged

National Design Competition


	Students will be given challenging learning situations that require both collaboration and cooperation to meet a set of performance criteria in a public arena, where the performance is interdependent on others’ performance. You then will be given an increasingly more difficult set of problems to solve individually as well as in teams. These problems will be assessed and improved upon through peer-assessment. Additionally, you will be able to leverage experiences from designing different processes, systems, or products because of assessing these design efforts. The results of your efforts will always be public with the opportunity for assessment that can be integrated into future plans for growth. Through these challenges, you will feel many ups and downs that are fairly significant and gives you opportunity to grow your emotional maturity and affective skill set. The learning processes and the environment created will expect you to be professional consistently, coming to activities well-prepared, seeking to be at peek performance, and reflecting on practice to help yourself and others to improve daily performance. The enriched learning environment will constantly challenge you to seek higher levels of learning and developing action plans for improvement and growth.

You will have many opportunities to analyze the values, opportunities, requirements, ethical code, daily functions, activities, credentials and rewards of the engineering related professions. In order to understand and appreciate a profession, you will create a life vision portfolio that will require you to research your past accomplishments, academic achievements, friends, family, disappoints or failures, mentors, and critical past history. In addition you will explore a life legacy, vision future conditions, family, career, and educational plan. From contrasting past to future, you will then analyze who you are by taking a series of self-analysis instruments, doing a value analysis, and clarifying who you are and where you want to go. You will also explore the college that you are a community member to determine your role, expectations, systems, and resources that are available for your successful transition into higher education. This self-awareness will allow you to clearly understand your passion for the engineering profession and how to constantly reflect on your plan to update as you develop in life. 


	Learning:

Independently tackles a new area of knowledge with purpose and direction by

· identifying the learning outcomes

· the schema for the discipline and the knowledge

· clarifies the key knowledge items, their type and levels of learning that expected to meet learning outcomes

· are proficient readers to gain independent meaning through strong inquiry questions

· know how to use models and examples to contextualize and transfer knowledge

· integrates new and past knowledge through applying this knowledge into difficult problem solving situations

· secures knowledge by validating learning through by differentiating thinking you know (Clouds) from knowing you know (Bricks)

Engineering Practice

The fundamentals of engineering practice are connected by tackling a new client needs by:

· Identifying and analyzing the wishes from the essentials and clarify constraints of the project

· Developing a set of specifications to reach consensus before investing critical resources

· Develop a prototype to clarify for all what the potential solution will look like

· Assess the prototype and its evolutions in an iterative fashion gaining feedback from all the key stakeholders

· Continually test the performance of the design to test boundaries and potential issues to increase its quality so that it exceeds expectations

· Documents the process with a journal that captures process and evolution so improvements can be made




	Step 4:  Knowledge Table



	Concepts
	Processes
	Tools
	Context
	Way of Being

	
	
	
	
	

	functions
	Problem solving methodology
	graphical analysis
	Electrical
	engineer 

	Team development
	Communication methodology
	spreadsheet
	Civil
	mathematical thinker

	Life Vision
	teamwork methodology
	word processor
	Mechanical
	quality learner

	Scientific principles
	Learning Process methodology
	power point
	Chemical
	systems thinker

	Theory
	Design methodology
	mathematical modeling software
	Industrial
	problem solver

	Ethics
	Assessment methodology
	Computational skills
	Role of Social Science
	self-grower

	Transitioning
	scientific methodology
	engineering calculator
	
	Professionalism

	Iteration
	Laboratory process
	Data Analysis
	
	

	Branching
	Self-assessment/reflection
	Profession Development Template
	
	

	Rate of Change & area and their relationship
	Reading process
	
	
	

	Validation
	Writing process
	
	
	

	Classification of Learning Skills
	Interpreting Word Problems
	
	
	

	Bloom’s Levels of Learning
	Diagramming a System, process, or model
	
	
	

	Interpreting a Math model
	Information Processing Methodology
	
	
	

	
	Drawing a Free-body diagram
	
	
	

	

	Step 5:  Themes for the Course

Problem Solving

Design of processes, systems, and components
Learning to Learn Science, Math, and Engineering content, models and tools

Teamwork and Communication

Experimental and Research Process

Professional Development leading to Professionalism and ethical behavior
Self-growth, self-assessment, and CQI

Cultural competence and way of the world


	Step 6:  Methodologies
Problem Solving

Learning Process

Assessment

Communication

Reading

Writing

Teaming

Information Processing

Drawing a Free Body Diagram

Mentoring

Personal Development

Laboratory Analysis

Research

Design

Learning a new Tool

Professional Development

Ethical Reasoning

Interpreting a word problem

Programming a module

Planning methodology

Project planning



	Step 8:  Learning Skills

Documenting

Identifying issues

Identifying assumptions

Persisting

Time management

Collaborating

Role playing

Analyzing differences

Deconstructing

Simplifying

Listening

estimating

Inquiring

Articulating an Idea

Taking on perspectives of others



	Step 17:  Performance Criteria

· Given a learning challenge, problem to solve, or design effort, recognize which scientific principles are required by analyzing the issues, visualize its meaning, and verify the use was valid.

· Articulates meaning in a message that meets published guidelines for the medium by carefully listening to the audience, realizing which aspects of disciplinary language should be used and which should be translated into laymen language so that people comprehend and connect to the message.
· Consistently seeks to know more about related ideas as well as in greater depth by formulating strong inquiry questions, experimenting and asking “what if” and by acquiring additional resources and connections to experts.

· Very busy and involved in many other activities in their educational experience to expand personal network, collaborate on meeting shared needs, enrich learning through effective study groups and campus clubs, and become a valued member of the community.

· Sought out mentors and role models in a variety of engineering disciplines so the  visual model constructed illustrates similarities and differences in “ways of being”, skill sets, practices, and values

· easily grasps new mathematical concepts, manipulates and analyzes data effectively, models scientific and engineering phenomena mathematically, as well as graphically, by using careful, precise and logical thought 

· Whether is formal teams or small groups, values others, their perspectives and contributions, will play the roles designated and leaves others wanting to engage more in the future for the value added to the experience
· Can see, identify and define shared problems, motivate others and through consensus, take a problem apart by identifying issues and assumptions, use past solutions or creative new solutions, integrate, and finally test solutions so that the meet stakeholder approval

· Produce a basic set of specifications based upon interpreting a clients’ needs, build a prototype illustrating the basic essence has been captured, through testing and iterating, evolve the design until the specifications and clients sign-off, and professionally package the design with documentation so that others can use it.
· Is comfortable in a variety of engineering environments, grasping the features and functions of new tools, values the expert use of the tool for craftsmanship, and knows the limits of the tools for gaining the precision desired, and keeps accurate and detailed observations in an engineering notebook
· weekly analyzes performance in learning, problem solving and design to understand strengths obtained and feasible action plans for short term and long term growth and uses mentors and peers to assist in the individual and community journey for growth and development

	Step 18:  Performance Measures

1. Use of prior knowledge effectively – Bloom’s table for guidebook

2. effectiveness of formal and informal communication – oral communication rubric, writing is disciplinary context

3. self-directed learning – levels of learners (Faculty guidebook)

4. being connected – 

5. buy-in to becoming a professional engineer

6. quantitative mastery

7. Teaming

8. Problem solving skill – we have

9. Design skill  - we have

10. tool usage

11. self-growth – faculty guidebook



	Step 20:  Evaluation System = Grading System

Performance tasks

1. Live Vision Portfolio includes career planning (10%)

2. Learning Assessment Journal and self-growth paper (10%)

3. Design Project  (15%)

4. Problem solving competition (5%)

5. Team learning portfolio (group activities, group quizzes, problem solving exercises, mini-design projects,peer-assessment) (10%)

6. Individual Portfolio (homework, reading assignments, individual quizzes, ) (10%)

7. Two level 2/3 exams (20%)

8. Group problem solving project for the campus – self-solicited (20%)


– table of the top scientific principles from each discipline (top 10) math(Robin), physics (Marie Baehr), chemistry(Dave Hanson), biology (Joan Mysiaki), statistics (Dan), psychology (Cy Leise)

	
	PC1 
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8 (20%)
	PC9
	PC10
	PC11

	LVP
	
	15
	X
	
	X
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


	Wk
	ACTIVITY NAME*
	KNOWLEDGE TABLE ITEM
	THEME
	ACTIVITY TYPE
	LEARNING SKILLS
	IN and/or OUT
	TIME
	PURPOSE

	1
	Discovering what is an Engineer
	Engineer Profile
	Professionalism
	Case Study
	Identify Assumptions
Taking on the perspectives of others

Inquiring
	In
	1
	Gain overview of the direction of learning and growth for the engineering student

	1
	Specific Engineering Disciplines
	Electrical

Mechanical

Civil

Chemical


	Professionalism
	Reading
	Analyzing Differences

Taking on perspectives of others

Identifying issues
	Out
	1
	Identify a potential/favorite engineering discipline of interest

	1
	Profile of a Quality Learner
	quality learner
	Learning
	Self-assessment
	documenting

inquiring

analyzing differences
	Out
	2
	Determining your personal strengths as an engineering student and what areas of professional development and personal growth to become a successful student

	1
	Team Design Competition
	Design methodology
	Design
	Gaming
	collaborating

time management

identifying assumptions
	In
	1
	Discover the joy, challenge, and issues about design, teamwork, problem solving, and communication

	1
	Understanding the reading process and use of the reading log
	Reading Process


	Learning
	Reading
	documenting

inquiring 

simplifying 
	Out
	1
	Introduce the process and tool for reading and documenting the reading performance

	1
	Overview of Learning Process
	Learning Process Methodology
	Learning
	Reading
	deconstructing

articulating an idea

identifying issues
	Out
	2
	To gain the basics of methodologies and how methodology for learning becomes a guide and an assessment instrument – using a reading log

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	2
	Specific Engineering Disciplines
	Electrical

Mechanical

Civil

Chemical


	Professionalism
	Reading
	Analyzing Differences

Taking on perspectives of others

Identifying issues
	Out
	1
	Identify a related engineering discipline of interest and contrast this discipline to your current favorite discipline

	2
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	3
	Specific Engineering Disciplines
	Electrical

Mechanical

Civil

Chemical


	Professionalism
	Reading
	Analyzing Differences

Taking on perspectives of others

Identifying issues
	Out
	1
	Identify a second related engineering discipline of interest and contrast this discipline to your current favorite discipline

	
	
	
	
	
	
	
	
	

	4
	Specific Engineering Disciplines
	Electrical

Mechanical

Civil

Chemical


	Professionalism
	Reading
	Analyzing Differences

Taking on perspectives of others

Identifying issues
	Out
	1
	Identify an engineering discipline that you don’t want to become and analyze why not
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Engineering Profile ,Link and summary of the writings about 2020, ABET overview



Licensing process and levels of credentialing, Constructing you LVP 


Chapter 2:
Exploring the Disciplines of Engineering



Profile of Blank engineer – 1 page profile and 3 pages of discussion for 7 of the disciplines (rest on CD)
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Profile of a Problem Solver, Problem solving methodology, assessment tool for problem solving, 

Chapter 5:
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Profile of a systems thinker, Flow charting, algorithms, iteration, branching, free body diagrams, modeling conventions,
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Design Methodology, testing, deconstructing, prototyping, 

Chapter 7:
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Laboratory process methodology



Measurement methodology

Chapter 8:
Engineering Tools



Methodology for learning a new tool, engineering calculator, measurement tools,



Spreadsheet, Word processor, mathematical software, presentation software, 

engineering notebook, 

Chapter 9:
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Profile of a mathematical thinker, unit analysis, precision and accuracy,
Chapter 10:
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Profile of a Team player, teamwork methodology
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Communication methodology



Writing methodology



Preparing a presentation
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Profile of a self-grower, self-growth reports, Personal development methodology, 

profile of a quality assessor, assessment methodology

Chapter 17:
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Bloom’s table vs. knowledge type



Levels of Learner, Levels of self-growth



Performance levels of assessors



the holistic rubrics for the key 15 learning skills
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Chapter flow

Storytelling of a person or context to introduce the area (1 page) concrete or contextualized
Profile which is the generalization

Assessment tool for using to improve performance towards the profile (either imbedded or sited)

key methodologies for that performance area

supporting tools for that area

Connecting this performance area to ABET philosophy

connecting to your LVP

Script for the course

Week 1:   Laying the foundation – engineering, reading, and learning

Week 2:   What is problem solving and what is design – how they support each other

Week 3:   What is experimentation and how does research relate to design and problem solving

Performance Criteria

Applying scientific principles across context


recognizing need


Characterize the requirements

choosing appropriate principles


visualize the meaning behind the principle

validating correct usage

Given a learning challenge, problem to solve, or design effort, recognize which scientific principles are required by analyzing the issues, visualize its meaning, and verify the use was valid.

Communication


Use of disciplinary language


translating disciplinary language to laymen 


articulating meaning


matching specifications of the format


Listening

Articulates meaning in a message that meets published guidelines for the medium by carefully listening to the audience, realizing which aspects of disciplinary language should be used and which should be translated into laymen language so that people comprehend and connect to the message.

Inquisitive


Open-minded 


Asks good questions


Experiments


Initiates exploration


Desires to know more at greater depths

Consistently seeks to know more about related ideas as well as in greater depth by formulating strong inquiry questions, experimenting and asking “what if” and by acquiring additional resources and connections to experts.
Highly connected


involved in multiple areas/activities


extensive network


formed many social/support groups


utilizing multiple resources/agencies


expanding the educational experience with other activities

Very busy and involved in many other activities in their educational experience to expand personal network, collaborate on meeting shared needs, enrich learning through effective study groups and campus clubs, and become a valued member of the community.

Knowing the engineering professions


key skills


ways of being


code of ethics


differences among the engineering disciplines


benefits of being an engineer
sought out mentors and role models in a variety of engineering disciplines so the  visual model constructed illustrates similarities and differences in “ways of being”, skill sets, practices, and values


Analytical

math modeler


data analyst


computational skills


graphically oriented


logical reasoning

easily grasps new mathematical concepts, manipulates and analyzes data effectively, models scientific and engineering phenomena mathematically, as well as graphically, by using careful, precise and logical thought 

Interpersonal

Relates easily


Taking on others’ perspectives


Plays roles within teams


collaborates by giving more than 50%


Values others contributions

Whether is formal teams or small groups, values others, their perspectives and contributions, will play the roles designated and leaves others wanting to engage more in the future for the value added to the experience

Problem Solving


identifies problems


generates collective desire for solving the problem


Build consensus on the defined problem


Collects issues and assumptions


Integrates effectively past solutions to partitioned subcomponents

Validates the solution for the given stakeholders

Can see, identify and define shared problems, motivate others and through consensus, take a problem apart by identifying issues and assumptions, use past solutions or creative new solutions, integrate, and finally test solutions so that the meet stakeholder approval

Design


identifying and defining client needs through clear specs


Identifying set of constraints to maximize design effectiveness


Brainstorm and seek out possible alternatives


prototype the essence of the design


Assess and iterate until the design meets clients’ satisfaction


Document and communicate the design for others to understand

Produce a basic set of specifications based upon interpreting a clients’ needs, build a prototype illustrating the basic essence has been captured, through testing and iterating, evolve the design until the specifications and clients sign-off, and professionally package the design with documentation so that others can use it.

Proficient in Learning and Apply Engineering Tools


learning software and basic experimentation tools


Measuring accurately and with appropriate precision


use a engineering notebook


selection of appropriate tools for a given need


effective psychomotor use of the tools in mastery

Is comfortable in a variety of engineering environments, grasping the features and functions of new tools, values the expert use of the tool for craftsmanship, and knows the limits of the tools for gaining the precision desired, and keeps accurate and detailed observations in an engineering notebook

