Assessment Plan for the

USAF Academy’s Engineering Mechanics and 

Mechanical Engineering  Programs

The assessment plan used by the Department of Engineering Mechanics flows from the USAF mission, USAF/USAFA core values, the mission of USAFA, and the Dean of the Faculty Educational Outcomes.

The USAF mission:

To defend the United States through control and exploitation of air and space

USAF/USAFA core values:

Integrity first

Service before self

Excellence in all we do
The USAFA mission:

Inspire and develop outstanding young men and women to become Air Force officers with knowledge, character, and discipline; motivated to lead the world’s greatest aerospace force in service to the nation.

The Dean of the Faculty (DF) Educational Outcomes:

1. Officers who possess breadth of integrated, fundamental knowledge in the basic sciences, engineering, humanities, and social sciences; and depth of knowledge in an area of concentration of their choice.

2. Officers who are intellectually curious.

3. Officers who can communicate effectively.

4. Officers who can frame and resolve ill-defined problems.

5. Officers who can work effectively with others.

6. Officers who are independent learners.

7. Officers who can apply their knowledge and skills to the unique tasks of the military profession.

Based on the guidance above, the Department of Engineering Mechanics has developed the following Department Mission Statement:

EDUCATING ENGINEERS FOR THE MILITARY PROFESSION.

To fulfill this mission, we have established the following Department Goals:

- Academics:  Provide the best possible engineering education and instill in cadets the motivation necessary to become career Air Force officers.

- Work Environment:  Provide a work environment that fosters an effective and productive department having members with a high degree of job satisfaction.

- Cadet Involvement:  Provide opportunities for department members to become involved in aspects of cadet life other than academics.

- Professional Development:  Assist department members in becoming more effective instructors and colleagues and prepare each for increased responsibilities through the acquisition of new skills, knowledge, and professional relationships.
Program Operational Goals 

The departmental goals above plus the DF Educational Outcomes gave rise to Program Operational Goals (POGs).  Our constituency established the POGs to describe the attributes expected of USAFA Engineering Mechanics graduates during their first few years after graduation.  Since the POGs embody the intent of ABET Criterion 2 they are synonymous with what ABET refers to as Program Educational Objectives.  In addition, our constituency provides continuous evaluation of the POGs as to their applicability and degree of fulfillment by our graduates in their Air Force organizations.

The POGs for the USAFA Engineering Mechanics Program are to develop:

1. Officers who possess breadth of integrated, fundamental knowledge in engineering, the basic sciences, social sciences, and humanities; and depth of knowledge in Engineering Mechanics.

2. Officers who communicate effectively.

3. Officers who work effectively on teams and grow into team leaders

4. Officers who are independent learners, and as applicable, are successful in graduate school.

5. Officers who can apply their knowledge and skills to solve Air Force engineering problems, both well and ill defined.

6. Officers who know and practice their ethical, professional, and community responsibilities as embodied in the United States Air Force Core Values.

For the USAFA Mechanical Engineering Program, POG 1 above is replaced with:

1. Officers who possess breadth of integrated, fundamental knowledge in engineering, the basic sciences, social sciences, and humanities; and depth of knowledge in Mechanical Engineering.

Evaluating POGs (Data Collection)

To determine how well we are meeting our POGs, we will

1. Meet regularly with our Engineering Program Advisory Council (EPAC).  

2. Survey our graduates and their supervisors approximately two years after graduation.  

3. Collect anecdotal data from other external sources on the performance of our graduates in comparison to their peers.

EPAC interactions, survey questions and anecdotal data shall focus on evaluating the fulfillment of the attributes described by the POGs as well as the appropriateness of each attribute.  The following describes the specific focus of data collection by group: 

Engineering Program Advisory Panel (EPAC):

· Degree to which the EPAC feels our curriculum prepares our graduates to attain the attributes described by the POGs once they begin their duties as Air Force Engineering Officers.
· The importance of each attribute described by the POGs to their Air Force engineering organization.

· Comments and suggested changes to the curriculum program or department operations that would better support the POGs.

Our Graduates (~ 2 years after graduation):

· Degree to which they feel their program prepared them to attain the attributes described by the POGs

· The importance they feel the attributes described by the POGs hold for them in the performance of their duties

Supervisors of Our Graduates:

· Degree to which supervisors believe our graduates exhibit the attributes described by the POGs

· The importance of each attribute to their organization

External Sources:

· Data will be collected wherever available which provide additional anecdotal information as to how our well our program prepares our graduates for the profession of engineering

· Typical sources include; Fundamentals of Engineering (FE) exam results, published academic institution comparisons, graduate school performance, and initial interviews with new department members

All numerical survey data from our constituency shall be collected according to the Department of Engineering Mechanics Survey Standard.  This standard is a 4.0 scale with the following definitions:

0 – strongly disagree, 1 – disagree, 2 – neutral, 3 – agree, 4 – strongly agree

 A survey result using this standard produces a number that mimics the grade point average system and is therefore more easily understood and interpreted by academicians. 

The raw and reduced data shall be presented at end of academic year Program Review and included in the Engineering Mechanics and Mechanical Engineering Program Book. As defined by this assessment plan, an Academic Year begins on 1 August and ends on 31 July. 

Evaluating POGs (Data Analysis)

For each assessment instrument used, we will assemble summary information specifically related to POG evaluation.  Numerical survey result summaries shall include average response, standard deviation of responses; sample size and other statistical information deemed necessary to adequately characterize the data.  Anecdotal data shall be accompanied by a description of the relevance to POG evaluation.  Each numerical survey instrument may also include written comments that serve to amplify the numerical evaluation.  All sources of POG evaluation shall include sufficient description of the respondent population to aid in the interpretation of the data.   The Deputy Department Head shall analyze the statistical summaries of the numerical results, written comments and other anecdotal data to detect trends that might indicate the need for program process changes.  The Deputy Department Head shall present any such program improvement suggestions with supporting data at the end of academic year Program Review for inclusion in the Engineering Mechanics and Mechanical Engineering Program Book.  

Evaluating POGs (Success Criteria)

An average score for fulfillment and relevance greater than 2.0 for of each POG attribute shall indicate that the program is successfully meeting these goals.  Anecdotal data shall not indicate any significant deficiencies in our program.  For example, our graduates are expected to pass the FE exam and not score below the national norm.  Our graduates, when in an appropriate graduate school program, are expected to have a success rate of 100 percent.

Program Curricular Outcomes

To prepare cadets to attain the POG attributes, we established a set of Program Curricular Outcomes (PCOs) for each of our programs to describe what we expect of our cadets upon graduation.  They were written so as to embrace the intent of ABET Criteria 3 and 8.  Mapping to individual Engineering Mechanics course objectives following the assessment of those objectives is the primary means of assessing PCOs. As described previously, our constituency also provides inputs with regard to the appropriateness of our PCOs as well as our program’s detailed curriculum.

According to these PCOs, our Engineering Mechanics graduates shall demonstrate satisfactory:

1. Application of the fundamental analysis concepts of engineering mechanics to solve engineering problems (reflects EC 2000 Criterion 3a & 8).

2. Modeling, design, and fabrication techniques of systems with solid and fluid components under real-world conditions (reflects EC 2000 Criteria 3b, 3c and 8).

3. Use of contemporary engineering mechanics analysis, design, and test tools (reflects EC 2000 Criterion 3k).

Our Mechanical Engineering graduates shall demonstrate satisfactory:

1. Application of the fundamental analysis concepts of mechanical engineering to solve engineering problems (reflects EC 2000 Criteria 3a & 8).

2. Modeling, design, and fabrication techniques of thermal and mechanical systems under real-world conditions (reflects EC 2000 Criteria 3b, 3c & 8).

3. Use of contemporary mechanical engineering analysis, design, and test tools (reflects EC 2000 Criterion 3k).

Additionally, the graduates of both the Engineering Mechanics and Mechanical Engineering programs shall demonstrate satisfactory:

4. Experimental techniques to include test design, execution, data analysis and interpretation (reflects EC 2000 Criterion 3b).
5. Written and oral communications skills (reflects EC 2000 Criterion 3g).

6. Knowledge of ethical and professional responsibilities (reflects EC 2000 Criterion 3f).

7. Breadth and depth of engineering knowledge and skills to effectively identify and solve the types of complex, interdisciplinary problems they will encounter as Air Force engineers (reflects EC 2000 Criterion 3e).

8. Ability to be effective interdisciplinary team members and leaders (reflects EC 2000 Criterion 3d).

9. Skills to be independent life-long learners while knowing when to seek help (reflects EC 2000 Criterion 3i).

10. Knowledge of contemporary social, political, military, and engineering issues, as well as the role of Air Force engineering officers and citizens in our global society (reflects EC 2000 Criteria 3h & 3j).  

Assessing PCOs (Data Collection)

We use multiple assessment vehicles in order to best ensure that our Engineering Mechanics program provides cadets with the learning environment necessary to meet the PCOs.  These avenues include:

1. Assessment of Engineering Mechanics course objectives and their subsequent mapping to PCOs (this is our primary method)

2. USAFA Dean of Faculty Standardized Course Critique

3. Assessment of performance on capstone design projects

4. Surveys of cadets just prior to graduation

5. Performance on Fundamentals of Engineering (FE) exam

Course Objectives:

The objectives of each Engineering Mechanics course are published on the course’s Front Page.  This document is so named because it serves as the cover sheet to the handouts distributed to our cadets on the very first day of class.  We consider it vital to share our program’s curriculum process with the primary user, our cadets.  To that end, the Front Page for any given course summarizes how that course contributes to their program.  Front Page elements are: catalog description, course director and additional instructor, textbook, course goals, course objectives, how those objectives are assessed, and the course position within the curriculum.  

With the aid of the course instructors and Division Chief, the Course Director collects assessment data for each objective.  Possible sources of objective data include cadet scores on skills reviews or gateway exams, homework, laboratory exercises, presentations, papers, quizzes, block exams and comprehensive final exams.  The Course Director also collects various types of subjective data to include surveys of cadets and instructors involved in the course.  

USAFA Dean of Faculty Standardized Course Critique:

In addition to surveys that specifically address the course objectives, the Course Director also receives the results from a standardized course critique.  This critique is another survey, administered every semester to all USAFA courses, which addresses cadet perceptions of instructor performance and course effectiveness. 

Capstone Design Project Performance:

Since our capstone design course is one of the end users of our program’s curriculum, we collect largely anecdotal data on the performance of our cadets during their capstone design project experiences.  Data is gathered by the Course Director and anyone else involved with the capstone project.

Graduating Cadets Surveys:

Our cadets participate in Engr Mech 405, Engineering Seminar during their last semester.  While this seminar has the published goal of “…smoothing the transition from U.S. Air Force Academy engineering cadet to Air Force engineering officer,” we also use it to exit survey our soon-to-graduate cadets.  In this exit survey, we ask them to assess how well the program prepared them for the attributes described by the PCOs.  We further ask for their assessment of the relevance of each PCO to their program.

FE Exam:

We strongly encourage all of our Engineering Mechanics cadets to take the FE exam.  Approximately 3 months after graduation, the National Council of Examiners for Engineering and Surveying  (NCEES) provides us with the results.  The FE exam data is categorized by USAFA academic major, individual subject score averages, and national score norms.

Assessing PCOs (Data Analysis)

Based on both objective and subjective data, the Course Director determines an overall assessment of the course objectives.  Assessment is reported based on the same 5-point scale used for evaluating the POGs.  These assessed objectives are then mapped into the appropriate PCO to indicate their degree of support to the entire program.  The summation of each individual course-wise contribution to the PCOs provides the primary means of assessing them.  For example, the course objectives for Engr Mech 330, Static Analysis of Structures, which is taken by all Engineering Mechanics majors, are:

Cadets shall demonstrate an ability to:

1.  Calculate support reactions and internal forces and moments in static structures
2.  Calculate normal stress and shear stress in a beam in bending
3.  Determine slope and deflection of a beam in bending given any loading condition
4.  Determine stresses and strains at any orientation in static structures under combined loading

5.  Determine stresses and strains of a static structure using material-property relationships

6.  Apply buckling theory to analyze ideal columns in compression
7.  Determine the effect of stress concentrations in members under axial loading
8.  Apply energy methods to determine truss deflections
These course objectives map directly to PCOs 1 and 7, and are, therefore, contributors to the overall assessment of those outcomes.  

The Course Director documents course objective to PCO mapping in the Course Review Package (CRP).  The CRP contains the following sections; detailed course description, course assessment summary and recommended changes.  The Course Director will also include the results of the Standardized Course Critique, along with the results from previous offerings of the same course in the CRP.  The Course Director also reports in the CRP their assessment of trends in the Standardized Course Critique data indicated by comparison with the results of previous years.  The CRP is distributed as a read-ahead to a formal Course Review (CR), which is presented to the Department of Engineering Mechanics Curriculum Committee once each academic year.  Templates have been developed for both the CRP and the CR presentation.  The Deputy for Curriculum and the Program Coordinator shall present a summary of all course objectives assessment, the mapping of these objectives to the PCOs and Course Director’s recommendations at the Program Review for inclusion in the Engineering Mechanics and Mechanical Engineering Program Book.
Course Review Packages for capstone design courses also include a subjective assessment of cadet performance on those capstone design experiences.  The Course Director and the Curriculum Committee shall analyze this subjective assessment to determine if there are indications of specific program deficiencies.  The Deputy for Curriculum and the Program Coordinator shall also present this analysis at the Program Review for inclusion in the Engineering Mechanics and Mechanical Engineering Program Book.

Other Program Assessment Tools:

The results of both level of preparation and relevance from the graduating cadet surveys are averaged and compared to the results from previous years.  The FE exam results are analyzed by comparing our graduate’s scores to that of other USAFA engineering programs and to overall national norms as reported by NCEES.  Comparisons are made for both individual subjects as well as overall score.  The annual sample size along with any unique sample population distinctions shall be included with the assessment summary.  The Department Head shall examine all results to discern any trends that could indicate the need for program improvement.  This analysis shall also consider whether any trends indicate a correlation, positive or negative, between cadet performance and previous program changes.  The assessment summaries, trend analysis and program improvement indications are also presented at the Program Review for inclusion in the Engineering Mechanics and Mechanical Engineering Program Book.  

Assessing PCOs (Success Criteria)

All PCOs shall be supported by at least one course objective in any cadet’s Engineering Mechanics program.  An average score of greater than 2.0 for the supporting course objective, which maps to a particular PCO, shall indicate that the objective successfully contributes to meeting the outcome.  A PCO is considered fully attained if most supporting course objectives and the applicable survey questions score greater than 2.0.  Anecdotal data shall not indicate any significant deficiencies in our program.  Our graduates are expected to pass the FE exam with a score that is at or above the national norm as reported by NCEES.

Program Review and Continuous Improvement Processes

The Program Review and the assembly of the Engineering Mechanics and Mechanical Engineering Program Book is a once per academic year occurrence, which summarizes both the Engineering Mechanics and Mechanical Engineering programs.  The review is conducted by the DFEM Program Assessment Team and chaired by the Department Head. Its primary purpose is to ensure our programs serve the USAFA mission, the DF Educational Outcomes, and the eight ABET criteria.  As illustrated in Figure 1, each member of the Program Assessment Team is assigned a role as Officer of Primary Responsibility (OPR) for one or more of the eight ABET criteria.  


[image: image1]
Figure 1:  Department of Engineering Mechanics (DFEM) Program Assessment Team

Previous sections of this plan specify how we address the ABET Criteria 2, 3, 4, and 8 in our programs through the evaluation of Program Operational Goals and the assessment of Program Curricular Outcomes.  ABET Criteria 1, 5, 6, and 7 concentrate on additional elements which support the implementation of our engineering programs.  Each of the OPRs present the assessment of their Criteria relative to each of our programs.  Data sources for the Students (Criterion 1), presented by the Advisor-In-Charge, include the Registrars office, the DF Grad Check system, and summaries of graduates. The Faculty Development Officer gathers information to assess Faculty (Criteria 5) from such sources as the personnel officer, the New Instructor Orientation and Teacher Training officer, the long range needs of the curriculum, cadet enrollment figures in the major, the results of the USAFA Standardized Course Critique, the Organizational Climate Survey, faculty professional development portfolios, the USAFA manning algorithm, and the Center for Educational Excellence (CEE) programs. The Lab Director assesses the needs of our courses and ongoing research when presenting Facilities (Criterion 6).  Data sources for Facilities include the Course Director’s course resources assessment documented in Section 1.7 of the CRP.  Course resources assessment includes the scheduling of equipment, performance of that equipment, availability of supplies and needs/desires for the future.  The Lab Director may also consult with the Research Director to determine potential needs of planned research programs.   The Deputy for Operations presents an assessment of Institutional Support and Financial Resources (Criterion 7) as it applies to both of our engineering programs. 

Each presentation during the end of academic year Program Review will indicate any changes that are required or desired to improve the program.  All suggested changes shall include justification, supporting data, and the desired outcome.  Furthermore, during each academic year’s Program Review, the Program Assessment Team will address the outcome of changes implemented based on the previous academic year’s Program Review.  All Program Review discussions, presentations by the various members of the Program Assessment Team, and a summary of recommended program improvement changes shall be included in Engineering Mechanics and Mechanical Engineering Program Book.
Changes that may be recommended as a result of the assessment processes fall into three categories:

· Within the authority of the person making the recommendation.  Examples of these changes might be a change in a textbook, the method used to assess course objectives, or a change to a course syllabus regarding the order of topics

· Requiring the approval of the Department Curriculum Committee.  Examples might be a change to course goal, change to a course objective, or a change to a controlled assessment document such as this plan.

· Requiring Dean of Faculty Curriculum Committee approval.  Examples might be the addition or deletion of a course from the major, a change to a course description in the Curriculum Handbook and USAFA Catalog, or a change to a course prerequisite.

The review shall be conducted shortly after the conclusion of the academic year.  The Engineering Mechanics and Mechanical Engineering Program Book shall be available to the department early in the fall semester.

All department members are encouraged to identify improvements to this plan and any of the documents associated with it.  These suggestions should be brought to the attention of the Department Head, the senior staff or any other member of the Program Assessment Team.  
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