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[bookmark: _Toc293574153]Introduction
Welcome to the Composites Technology certificate program developed by the National STEM (Science, Technology, Engineering, Mathematics) Consortium (NSC). The NSC is a collaborative of ten colleges in nine states funded by a U.S. Department of Labor grant to develop new training programs in five technical pathways: Composites Technology, Cyber Technology, Electric Vehicle Technology, Environmental Technology, and Mechatronics Technology. (For more information, visit the NSC website: http://www.nationalstem.org.) This guide focuses on NSC Composites Technology, and is intended to help college administrators—deans and department heads, as well as program chairs, directors, and coordinators—decide whether to adopt the program and how to adapt it to local needs.
The NSC academic model is built on four research-based strategies that, when combined, yielded an average 69% completion rate across its students nationwide. 
First, NSC instruction is outcomes-driven, delivering learning outcomes mapped to industry standards. NSC member colleges formed regional advisory boards to respond to industry needs and employer requests. This guide contains examples and recommendations from colleges whose regional economies support a range of industries, including aerospace and advanced manufacturing. 
Second, NSC programs are one-year, 30-semester-credit academic certificates. Certificates are a highly effective tool for workforce development, and are most effective when they are long enough to be rigorous yet short enough to be achievable.[endnoteRef:2] The certificate-level credential is a missing, but critical, on-ramp to career pathways for adult learners who often lack access to and awareness of high-demand careers in STEM fields. Graduates receive the greatest return on investment from certificates of one year or longer with a load of thirty-six semester credits or fewer.[endnoteRef:3] [2:  Bosworth, B. (2010). Certificates Count: An Analysis of Sub-Baccalaureate Certificates. Washington, DC: Complete College America.]  [3:  Bosworth, B. (2011). “A Summary of Evidence: Supporting a Community College Change Strategy Focusing on Built-for-Completion Program Structure.” Unpublished manuscript.  ] 

Third, NSC programs use a built-for-completion structure including a program navigator, cohort structure, block scheduling, compressed timeline, enhanced student support services, and employer partnerships. Research has shown that it is the combination of strategies, rather than any single strategy, that boosts student success.[endnoteRef:4] Specifically, a growing body of evidence argues for “strategy intervention at a more comprehensive and integrated level that aims at simultaneous change focusing around whole program design and delivery – improving the coherency of instruction and educationally relevant services that students need as they move through their program of study.”[endnoteRef:5]  [4:  Rutschow, E. et al. (2011). Turning the Tide: Five Years of Achieving the Dream in Community Colleges. New York: MDRC.  ]  [5:  Bosworth, B.. (2011). “A Summary of Evidence: Supporting a Community College Change Strategy Focusing on Built-for-Completion Program Structure.” Unpublished manuscript.] 

Last, NSC programs embed contextualized refresher instruction in mathematics, communication, and professionalism to eliminate traditional remedial courses and prepare students for success in demanding technical courses. The NSC STEM Readiness course enables students who are not fully college-ready in math to enroll and succeed in the technical curriculum, thus broadening the pool of potential students and opening STEM careers to a greater number of workers. The accompanying NSC STEM Bridge Implementation Guide provides complete information.
Colleges aiming for systemic change in their student completion and achievement levels are strongly advised to adopt the entire NSC academic model. However, NSC programs are flexible by design, allowing institutions to customize implementation to their regional economy and local conditions. For example, a college might choose to pursue implementation in stages. The goal of this Program Guide is to aid college faculty and staff in these decisions: 
Section 1 addresses the composites technology industry and labor market for entry-level technicians. 
Section 2 describes the NSC Composites Technology academic certificate and its curriculum. 
Section 3 provides recommendations for program equipment, facilities, and personnel. 
Section 4 looks at the varied roles the local business community can play before, during, and after program implementation. 
Section 5 presents student success strategies such as built-for-completion structure and a program navigator. 
Section 6 discusses ways to enhance program sustainability by strengthening the student pipeline and engaging workforce agencies. 
Each section includes recommendations, examples, and best practices to help colleges adapt the NSC model to meet their local needs.  


[bookmark: _Toc293574154]Section 1. The Composites Technology Industry 
Composites are products made with a combination of materials that maintain their individual characteristics when combined. The performance of the combined materials is superior to that of the constituent elements on their own. The origins of composite materials date to ancient times; adobe bricks, created by mixing straw with mud, are an early example. Today, many composites and their component materials are highly engineered to maximize performance, and thus are called advanced composites. Their high strength, light weight, corrosion resistance, durability, and flexibility, among other benefits, render them ideal materials for diverse products ranging from bathtubs, golf clubs, skis, and snowboards to boat hulls, racecar bodies, high-pressure-gas storage tanks, satellites, and spacecraft. 
While the aerospace and aviation industries are among the earliest and highest-profile markets for composite materials—the defense industry began using them in aircraft applications in the 1940s, while today, Boeing’s 787 Dreamliner airframe is composed of 50 percent composites—the materials’ use is well established in myriad other industries, including automotive, construction, electrical, energy, ground transportation, marine, medical devices, consumer goods, and recreation and sporting equipment. Soaring energy costs and environmental concerns are key factors driving demand for the materials, with their lighter weight and better strength-to-weight ratios than metals. The wind energy industry, for example, is using composites to build ever larger wind turbine blades, while the automotive industry—currently the largest market for composites—is working to expand application from the performance and luxury car markets to mainstream car production to meet federal fuel economy standards (54.5 MPG for all new cars and trucks by 2025); indeed, the potential exists for composites to reduce passenger car weight by 50 percent and improve fuel efficiency by about 35 percent.[endnoteRef:6] [6:  See http://energy.gov/eere/articles/lighter-and-stronger-improving-clean-energy-technologies-through-advanced-composites] 

As technologies advance and costs decrease, industries are weaving composite materials into an increasing array of products and new applications, such as medical prosthetics, skateboards, and the repair of buildings, roads, and bridges. According to the American Composites Manufacturers Association, the American composites industry is currently composed of around 3,000 companies, generating nearly $70 billion in annual revenues and employing more than a half-million people.[endnoteRef:7] The composite materials market itself was worth $7 billion in 2013.[endnoteRef:8] [7:  See the American Composites Manufacturers Association website: http://www.acmanet.org/about]  [8:  See http://www.compositesworld.com/articles/composites-industry-outlook-positive] 

[bookmark: _Toc293574155]A. Occupations
Two major areas within composites production—fabrication/layup, including assembly and repair, and machining/tooling—offer especially robust career pathways for entry-level technicians, providing them the skills to adapt to new manufacturing, fabrication, or repair techniques required by advanced composites. 
The Composites Production Process 
The composite manufacturing process involves two major stages: fabricating the composite material by molding and curing it, and then machining it to form a finished product. 
In the fabrication stage, the composite material (for instance, carbon fiber fabric and epoxy resin) is transferred to a gel-coated mold known as a tool. There, the material is formed and given shape through one of various molding methods, categorized as open or closed depending on whether the fiber/resin combination is exposed to the air during fabrication. The most basic open-molding method is hand layup, in which the technician places layers of fiber reinforcement—cut to size using hand, pneumatic, and power tools—in the mold and applies resin to form a laminate stack. A common closed-molding method is vacuum bagging, in which the material is processed in a sealed bag through the application of atmospheric pressure. Another method is injection molding, in which the technician injects the composite material into a mold cavity, where it forms and hardens. After layup, the composite material is cured, typically by heating it in an oven, applying both heat and pressure in an autoclave, or using a hot bonder.
In the machining stage, the piece, while hardened, is not in final form, and must be drilled, milled, or cut by water jet to attain precise form and meet technical specifications. This can be challenging because unlike metals, composites are formed by mixtures of materials that may require special machining techniques. Finally, finishing the product often requires assembly; adhesive bonding and further curing; or attachment of fasteners, brackets, or other fittings to the composite structure using various assembly techniques.
Composites Fabrication, Assembly, and Repair
As mentioned, the use of composite materials is spreading to multiple industries as research, development, and production costs decrease. Currently, large pockets of demand for technicians trained in the composites production lifecycle exist in specific geographic regions. For example, there is an industry cluster in Washington State, home to NSC partner colleges South Seattle College and Clover Park Technical College as well as Boeing and other leading aerospace manufacturers and suppliers. Another example is Indiana, home to a large recreation vehicle industry that uses fiberglass (a first-generation composite material) in its products. 
Major duties of the composite technician include preparing and inspecting molds; handling, mixing, and applying resins and catalysts; following a lay-up schedule; interpreting blueprints and drawings; operating hand and power tools; operating curing ovens and autoclaves; using precision measuring devices; documenting completed work; examining parts for defects; and cutting and trimming materials accurately and safely. Successful performance of such duties requires the technician to have knowledge of safety procedures and environmental factors and—given the increasing automation of the production process—proficiency in operating computer-controlled tools and machines. 
Sample job titles in this area include: 
Kitting Technician.
Composites Technician.
Assembly Technician.
Repair Technician.
Fabricator Technician.
Laminator.
Injection Molding Technician.
Manufacturing Production Technician.
Team Assembler.
See Appendix A: Resources for a list of relevant occupations and links to their O*NET descriptions.
CNC Machining and Composites Manufacturing
As the final step in the manufacturing process, machining to produce precision products generally exists wherever manufacturing is located, and thus currently has the more extensive industry demand nationwide. Although manufacturing is largely concentrated in large metropolitan areas, pockets of manufacturing exist in many smaller cities and rural areas. Moreover, even companies that do not manufacture products from the beginning of the manufacturing process may still engage in final production, and hence machining. 
With manufacturers increasingly using composites as a replacement for metal parts, machinists skilled in productions processes involving composites, polymers, and injection-molded parts are in growing demand. These workers typically set up and operate the machine tools necessary to produce the precision parts, instruments, and tools used in the manufacturing process, as well as mold or cast the metal or composite parts, applying their knowledge of machining procedures, mechanics, mathematics, and material properties.[endnoteRef:9] The majority of machinists operate computer numerically controlled (CNC) machines; knowledge of computer technology is thus essential. For machinists interested in software and computer-aided design, there are viable career paths in CNC machine programming. [9:  See http://www.onetonline.org/link/summary/51-4041.00] 

Sample job titles in this area include: 
Machinists.
Tool and Die Makers.
Molding, Coremaking, and Casting Machine Setters, Operators, and Tenders, Metal and Plastic.
Computer-Controlled Machine Tool Operators, Metal and Plastic*.    
Computer Numerically Controlled Machine Tool Programmers, Metal and Plastic.
*These positions require specialized training in CNC machining prior to specialization for composites tooling.
See Appendix A: Resources for a list of relevant occupations and links to their O*NET descriptions.
[bookmark: _Toc293574156]B. Jobs Outlook
Employment and wage data from the U.S. Bureau of Labor Statistics (BLS) suggest that the job outlook for occupations in the composites fabrication and machining fields is bright. For instance, the annual medium wages for the occupations of Manufacturing Production Technicians, Machinists, and Fiberglass Laminators and Fabricators were approximately $60,000, $40,000, and $28,000, respectively, in 2013. A number of related occupations are expected to grow rapidly in the next several years or have a large number of job openings. For example, the occupation of Computer-Controlled Machine Tool Operators, Metal and Plastic, has faster than average projected growth (up to 21 percent) from 2012 to 2022. Projected job openings for the Team Assemblers occupation is nearly 213,000 over that same period. BLS considers job opportunities for machinists and tool and die makers to be excellent.[endnoteRef:10] Moreover, while wages tend to be highest in the unionized sectors of the aviation and manufacturing industries, the potential exists for the wages of entry-level workers in non-union sectors to rise substantially after just a few years on the job, especially for apprentices. [10:  See http://www.bls.gov/ooh/production/machinists-and-tool-and-die-makers.htm#tab-6] 

[bookmark: _Toc293574157]Section 2. The NSC Composites Technology Certificate
In response to industry demand for technicians trained in the composites production process, the National STEM Consortium created the Composites Technology certificate. It is a stackable academic certificate built on a one-year, 30-semester-credit model that combines rigorous academic experiences with hands-on projects. Its coursework partially prepares students for industry-standard certification exams.   
[bookmark: _Toc293574158]A. Academic Curriculum: One Certificate, Two Tracks
The NSC Composites Technology certificate program is one of the first in the United States to combine the study of composites with that of CNC machining. The curriculum instructs in several different, yet complementary industrial processes: composites fabrication/layup, composites assembly/repair, manual machining, CNC machining, and injection molding; two additional sub-areas of instruction are CNC programming and form-building. 
The certificate features two tracks: Composites Fabrication, Assembly, and Repair (FAR); and CNC Machining and Composites Manufacturing (CNC Machining). Students take three core courses, then proceed to specialized courses in their track. The combination of core and track-specific courses allows adopting colleges to support their local employers by reconfiguring the curriculum to meet the needs of the regional economy. For more information, see the accompanying folder NSC Composites Example Delivery Models. 
Core courses include:
Applied Math.
Drawings and Prints.
Semi-Precision and Precision Measurement.

Fabrication, Assembly, and Repair
The FAR track teaches students to work with the materials that create composites structures, such as carbon fiber fabric and epoxy resins, in order to learn how to design, manufacture, assemble, and repair composites structures. Instruction focuses on the fundamentals of metals, alloys, plastics, and composites, and the ways in which these materials interact with one another in the process of mixed-materials fabrication, assembly, and repair. FAR track courses include: 
· Applied Physics.
· Safety.
· Introduction to Composites.
· Fabrication and Assembly.
· Composites Repair.
· Composites Laboratory A.
· Composites Laboratory B.
· Professionalism.
CNC Machining and Composites Manufacturing
The CNC Machining track trains students to operate the machines, such as CNC or injection molding equipment, that create the complex shapes, tooling, or molds necessary for composites manufacturing. The program prepares students for a career in manufacturing, with an emphasis on composites, polymers, injection molding, machining, and computer numerical control (CNC) machining. CNC Machining track courses include:
· Machine Tool Theory.
· CNC Machining.
· Injection Molding.
Machine Operations Lab.
NSC programs are flexible, enabling adopting colleges across the country to adapt them to regional and local conditions. An adopting college may decide to focus initially on instructing in the more basic industrial processes, adding the more complex processes into the curriculum at a later date; or it may choose to combine all levels of instruction at once. For example, a college choosing the FAR track with no experience in the composites area could build the initial curriculum around composites layup, then expand the curriculum to encompass the more advanced subject of composites repair. Similarly, a college choosing the CNC Machining track could establish its program based on the manual machining curriculum. Once the program acquired the requisite subject matter expertise and procured the necessary equipment (see Section 3. Program Infrastructure below), the college could incorporate CNC machining and/or injection molding into the curriculum.
[bookmark: _Toc293574159]B. Instructional Materials 
Each course includes a downloadable Teaching Toolkit and accompanying Online Modules. 
Teaching Toolkits 
NSC Teaching Toolkits feature a Course Introduction (READ ME FIRST) for instructors that explains the outcomes-driven instruction approach as well as any specific considerations for that course; a student Syllabus that may be customized by instructors; and instructor-focused Lesson Plans that provide a starting point for planning and delivering class sessions. 
Accessing NSC Teaching Toolkits
NSC materials are located in Platform+ by OLI, the Open Learning Initiative at Carnegie-Mellon University. To access NSC materials: 
1. Navigate to the NSC Composites Technology section of the OLI course library at http://oli.cmu.edu/learn-with-oli/see-our-free-open-courses/.
2. Explore courses and online modules as a guest. 
3. Apply for an Instructor account to access Instructor Resources (i.e., the Teaching Toolkit) for a particular course. 
Online Modules
NSC Online Modules help prepare students for face-to-face instruction. They provide mini-lessons and interactive drills to help students through common sticking points: 
Solving for Weight, Mass, and Gravity.
Applying Gas Laws and Gas Law Formulas.
Reading an English Depth Micrometer.
Reading an English Outside Micrometer.
Identifying Basic Components of an Injection Mold.
Interpreting Dimensional Codes of External Screw Threads on Drawings.
Calculating the RPM for Milling Machines.
Calculating the Feed Rate for Milling Machines.
Calculating Tapers in Blueprints and Drawings.
Defining Ply Orientation.
Describing Composites Cure Cycles.
Defining Viscosity and Darcy’s Law.
Understanding Vacuum Bagging and Pressure.
Defining Fiber Technology, Woven Fabrics, Non-Woven Fabrics, and Multi-Axial Fabric.
Differentiating Between Thermoplastics and Thermosetting.
Defining Glass Transition Temperature.

Using NSC Online Modules for Instruction
NSC online modules are listed in Platform+ with courses they support. Many Composites online modules support, and are listed with, more than one course.
Platform+ integrates with common learning management systems so students only have to log in once. Adopting instructors should contact their college instructional technologist to enable single sign-on and set up Platform+ for use at their institution. 
To use NSC online modules for instruction: 
1. Read the OLI instructions at https://oli.cmu.edu/teach-with-oli/find-educator-resources/creating-a-customized-course/.
2. Follow the instructions to choose online modules to use, create a customized course, enroll students, and track their progress on the Instructor Dashboard.
3. Contact OLI with technical support questions.
Licensing 
[bookmark: _GoBack]All NSC instructional materials are licensed under a Creative Commons Attribution 4.0 International License (see http://creativecommons.org/licenses/by/4.0/) as described in the About These Materials section. The CC-BY 4.0 license allows adopting colleges and instructors to reuse, revise, remix, and redistribute materials by following the guidelines provided. 
[bookmark: _Toc285369239][bookmark: _Toc286675480][bookmark: _Toc293574160]C. Pedagogical Innovation
The NSC academic model is based on best practices drawn from the literature and the real-world experiences of the NSC Composites Technology team:
South Seattle College, Seattle, Washington (lead).
Cuyahoga Community College, Cleveland, Ohio.
Clover Park Technical College, Lakewood, Washington.
Roane State Community College, Oak Ridge, Tennessee. 
NSC programs are employer-centered and student-centered, focusing on the knowledge, skills, and attributes students will need to perform on the job.
[bookmark: _Toc405933083][bookmark: _Toc406354322]Outcomes-Driven Instruction
Outcomes-driven instruction forms the heart of NSC pedagogy. NSC programmatic learning outcomes are mapped to industry standards. Adopting colleges are encouraged to convene advisory boards including regional and local employers who can verify and adapt learning outcomes to local needs. See Section 4. The Role of the Local Business Community.
[bookmark: _Toc401141865][bookmark: _Toc405933087][bookmark: _Toc406354326]The NSC Composites Technology certificate program has learning outcomes in the categories of Critical Thinking and Problem Solving; Materials, Techniques, and Processes; Professionalism; Safety; Technical Documentation; and Tools and Equipment. These outcomes are broad themes of the program, achieved in one or more of its courses:
Apply mathematics and physics to solve industrial/manufacturing problems.
Assemble what is learned and apply in novel circumstances to solve problems, developing and using critical thinking.
Demonstrate knowledge and mastery of techniques of industrial composites fabrication, assembly, and repair, including uses of tooling.
Appropriately select materials and processes for specific applications.
Demonstrate knowledge and understanding of the uses, strengths, limitations, and other characteristics of metals, alloys, non-metals, and composite materials.
Attach fasteners, metal components, brackets, and fittings to composite and/or metal materials with precision and proper care.
Implement appropriate techniques to inspect structures.
Select and implement appropriate repair techniques.
Follow protocols created in support of LEAN practices.
Demonstrate professional behavior by working with a team and following standard operating procedures (SOPs).
Develop and prepare to execute a career plan.
Seek clarification from colleagues, supervisors, and customers in an appropriate manner.
Adhere to safety requirements relating to personal, consumer, environmental, regulating agency, and employer concerns.
Execute and understand documentation of work/project orders, material use, equipment, and tooling.
Read and interpret drawings and prints typical in manufacturing, fabrication, assembly, and repair environments.
Properly identify and safely operate tools and equipment to industry standards.
Set up and operate machine tools including, but not limited, to manual machines, CNC machines, and injection molding stations.
Correctly inspect finished and unfinished machined parts.
Set up machine speeds and feeds properly.
NSC learning outcomes are student-centered and measurable. They are established by, for, and with industry at the program level, then mapped in increasing granularity through the course and lesson levels. The learning outcomes map that accompanies this Guide links program to course learning outcomes and initiates an outcomes-driven framework in which each learning outcome is established, taught, and assessed. 
Hands-on Learning
NSC instruction in Composites Technology emphasizes skills transfer to the workplace. Technical classes are rich in hands-on laboratory work. STEM Readiness instruction, incorporated into the Applied Math and Professionalism courses, focuses on real-world contexts and case studies (see Embedded Remedial Instruction section below).
[bookmark: _Toc405933084][bookmark: _Toc406354323]Industry-Standard Certifications
At this time, there is no widely accepted, industry-recognized certification associated with either the FAR or CNC Machining track. South Seattle College (SSC), the NSC Composites Technology team lead, is working with various certifying bodies to embed preparation for several national certification exams in the NSC certificate curriculum. These include the American Composites Manufacturers Association (ACMA)’s Vacuum Infusion Process (VIP) certification and the SpaceTEC® Certification. The SpaceTEC® Certification is associated with the National Science Foundation’s National Resource Center for Aerospace Technical Education. An additional certificate, CertTec®, is also offered for non-aerospace industries. Both SpaceTEC® and CertTec® require written, oral, and practical exams and are ICAC, ISO 17024 accredited. 
[bookmark: _Toc401141864][bookmark: _Toc405933086][bookmark: _Toc406354325]Embedded Remedial Instruction	
NSC programs feature embedded remedial instruction in the form of STEM Readiness, an online, interactive refresher course offering three one-credit units: Mathematics, Critical Thinking and Workplace Communications, and Professionalism. STEM Readiness enables students who are not fully college-ready in math to enroll and succeed in the technical curriculum. Specifically, STEM Readiness targets students who score at or above the highest developmental level on college math placement tests. For students scoring below that level, NSC STEM Foundations provides more intensive math and communication remediation. STEM Readiness and STEM Foundations were developed by the NSC STEM Bridge team: see the accompanying NSC STEM Bridge Implementation Guide for complete information.
[bookmark: _Ref419282256][bookmark: _Toc293574161]Section 3. Program Infrastructure
[bookmark: _Toc395609983]The following sections discuss the essential infrastructure—related to equipment, classroom and laboratory space, and personnel—that a college needs to launch a certificate program.
[bookmark: _Toc293574162]A. Facilities
Before launching a Composite Technology program, an adopting college must ensure appropriate laboratory facilities. The reason is electricity: much of the equipment requires 220 volt, three-phase power. Key safety and technical requirements will shape the design and size of the laboratory. For instance, machines must be separated from each other by a specified distance defined by federal, state, and/or local code. Typically, flammable storage, eye wash stations, and emergency showers are also required. Separate room(s) located in the lab are necessary to store supplies and issue tools. A lab should have at least 2,500 square feet of space; the ideal size is 5,000 square feet.
The laboratory should be locked, with only composites technology students granted access to the space. In addition to the lab, the program requires classroom space for lectures and the computer lab; ideally, the classroom will be located directly off the lab floor, rather than down a hallway. At a minimum, one classroom could serve as both lecture room and computer lab, particularly if the program is running only one cohort at a time. Ideally two classrooms should be located adjacent to the laboratory floor, one designed for lecture format and equipped with a teaching station, document scanner, and projector, and the second equipped as a computer lab. Classrooms are designed to accommodate 20-25 students.
FAR Track
As well as specialized electrical requirements, the FAR track requires central vacuum and pneumatic systems, and carefully designed ventilation systems. Care should be taken to reduce the decibel level by housing systems external to the laboratory if at all possible. The type of ventilation system that a program must install will depend on existing ventilation, the layup processes and resins that are taught (based on local industry demand), and the recommendation of industrial safety engineers. Fumes from resins, adhesives, and solvents generally sink to the floor and circulate at low levels, potentially requiring a large ventilation system that draws the fumes up from the floor and out of the building. A program that focuses on wet layup or works with ester resins will likely need this extensive whole-lab ventilation system to ensure that EPA emissions standards, OSHA safety standards, and any other state or local standards are met. A program teaching gel coating or spraying techniques requires self-contained paint booths or specialty labs (modified automotive facilities). For programs primarily employing vacuum bagging techniques, epoxies, and prepreg materials, spot ventilation and hoods, coupled with a dedicated ventilation system, may prove to be a less expensive alternative, provided that this arrangement meets safety requirements as determined by an industrial safety engineer.
Another key requirement for setting up a FAR training facility involves separating the lab into “clean” and ”dirty” sides, with composites layup occurring in the former and the machining of tooling, molds, assembly, fixtures, and created components taking place in the latter. Industry recommendations and cost, among other factors, will dictate the degree and scope of the labs’ separation (e.g., whether tools and consumables also must be separated). Often both sides are housed in one large lab separated by partitions with windows. This allows monitoring of student activity.
The ”dirty” side has high electrical demand associated with machining equipment, as well as upright drill, mills,  saws (vertical and horizontal), grinders, sanders, and possibly curing equipment. Since heavy sanding is frequently required, the majority of composites training labs will have a sanding booth and/or downdraft table(s). If not separately housed, the curing oven or autoclave are housed on the dirty side. Individual workstations require pneumatic and vacuum drops to power hand-held tools and collect dust. Ideally, each student will have his or her own workstation. Otherwise, two students per station on both dirty and clean sides is sufficient, since students switch between labs as a project is in progress. 
The “clean” side houses individual layup workstations. Worktables are equipped with self-healing cutting mats or high density polyethylene sheets (HDPE, 3/4”-thick sheets cut to size).  Anti-fatigue mats, to assist students who may have to stand for long periods on hard surfaces, are recommended. If hot bonders are planned, the workstations are equipped with electrical and pneumatic drops. An external walk-in freezer with temperature monitoring and an inventory control system is ideal. Chest freezers housed on the clean side are minimally adequate. Moveable racks for various fabrics and films and a prep station for kitting are recommended. 
Other needed lab features include reconfigurable, industrial-style electrical, pneumatic, and vacuum tracks that allow adding or moving drops to accommodate new equipment and technologies. A combination of shadow boxes, student kits, and rolling tool workstations for hand tools and consumables also is recommended. Such an arrangement reflects various industry approaches to effective inventory control and safe and efficient work practices, as well as the application of LEAN practices on the shop floor. As such, this recommended lab design is considered a highly-desired learning outcome.
For detailed information on the key elements of a composites lab facility, see the Training Resources document in the accompanying folder NSC Composites Technology Example Equipment.
CNC Machining Track
As noted, 220-volt, three-phase power is necessary for manual machining and CNC machining. Amatrol trainers also require high voltage and have motors requiring a special current. The manual, CNC, and Amatrol training machines must be separated from each other by a specified distance. The manual machines and CNC machines should be positioned in different areas of the lab. To meet such requirements, a CNC Machining-track lab should have at least 2,500, and ideally 5,000, square feet of space. With 20 manual machines and peripherals, the machining lab at NSC partner school, Cuyahoga Community College, occupies 10,000 square feet. Connected to this lab are both a lecture classroom and a computer laboratory. Cuyahoga can hold the manual machining classes during the first term (when students do not work on computers) and the math and blueprint classes during the second term in the computer lab. This also allows for multiple cohorts.  
[bookmark: _Toc293574163]B. Equipment
[bookmark: _Toc401524472]FAR Track	
On both the clean and dirty sides (i.e., composite layup and machining), the program requires a variety of hand, power, pneumatic, and precision measurement tools, instructional aids, and consumables. 
Molds and Tooling: To introduce students to the concepts of metal molds and tooling, a work area may be set up with a manual mill, and other metal working equipment such as a step sheer and brake. Additional woodworking tools allow creating molds and tooling from non-metal materials. Often the same machine will serve both metal and non-metal applications depending upon the choice of wheel, bit, or blade.  
Curing: While an autoclave is desirable, the initial cost of its purchase, installation, and ongoing annual maintenance and inspection make it an investment to consider very carefully. Even very small autoclaves are quite expensive (tens of thousands of dollars). If choosing between a curing oven and an autoclave, a curing oven is recommended; it should include vacuum ports and temperature programming and recording. Since it can cure multiple student projects simultaneously, the oven should be as large as the program’s budget allows. This also is an expensive item (tens of thousands of dollars). 
Downdraft tables are available in a variety of sizes and prices (e.g., a 4’ x 8’ costs approximately $10,000). Always consider decibel rating and opt for casters to allow for reconfiguration of laboratory space. Programs may choose to use a combination of individual hand-held tool dust shrouds and/or a sanding booth rather than a downdraft table.
Consortia Bartering System for Equipment, Materials, and Supplies
Given the high costs of advanced composites materials and supplies, colleges routinely solicit in-kind donations from employers, many of whom welcome the opportunity to donate materials nearing their expiration date or outmoded items. As the Composites Technology Program Manager at South Seattle College (SSC) explained: “In the aerospace industry, these materials are rotated out well ahead of the expiration date. Also, companies may no longer be using certain tooling or material, or generate ‘waste’ in large production runs that is suitable for small projects at schools.” 
A challenge lies in the fact that some colleges receiving donations lack sufficient storage (particularly freezer) capacity or their projects may not consume all the materials in a timely fashion. To ensure that donations are distributed efficiently within the education community, Composites Washington, a consortium of community and technical colleges in Washington State, including NSC partner colleges Clover Park Technical College and South Seattle College, has developed an innovative bartering system in which faculty share lists of materials that they do not need or would like to acquire. Exchanges often take place at meetings and training events, where faculty and administrators who own trucks deliver the materials. “These exchanges can save thousands of dollars per program over the course of a year,” noted the SSC Program Manager. For example, one member passed to another member approximately $15,000 worth of carbon fiber prepreg material, donated by Boeing, that it no longer could store. In addition, member schools often cross-train faculty and sometimes “loan” equipment to other programs, a system of sharing and resource maximization that has encouraged industry to make even larger donations of new equipment to consortium members.       
Hot bonders: Hot bonders (dual zone bonders cost approximately $20,000 with parts) are associated with repair work and are relatively portable and designed to be used in the field. Thermocouples and heating blankets create a controlled curing environment and an integrated vacuum venturi pump (requiring external compressed air source) supports vacuum bagging. Required annual servicing costs approximately $800. 
Non-destructive testing (NDT) equipment: As industry adopts relatively less expensive, portable NDT equipment, one-year composites programs are tending to equip their laboratories with more sophisticated NDT equipment (and extension of the one-year program could include additional NDT instruction). Equipment for demonstration and hands-on experience could include: tap test (a coin or special small tap hammer), an ultrasonic tap and depth instrument (costing ~$1,500), ultrasonic go/no-go meters (~$3,200), handheld ultrasonic thickness gage (~$4,000), or multichannel ultrasonic scanners with screen display (~$32,000). Note that sales representatives or NDT training programs are often willing to demonstrate more expensive technologies.
CNC Machining Track 
Manual machines. To learn the fundamental techniques of machining, students work on manual machines during the program’s first semester—specifically, the milling machine, lathe, and surface grinder (which, before the advent of computers, made almost every product). The recommended number of machines is one of each type of machine per student, while the minimum number is two per type for a class size of six to ten students (thus requiring students to take turns using the machines). For safety reasons, it is advised that only one student work on a manual machine at a time (i.e., only the person who is operating the machine should be responsible for turning it on and off).
While it is possible to purchase less expensive imported tools, American-made tools are reasonably priced (about $8,000 to $12,000 each) and have a lifespan of fifteen to twenty years. Also, for safety reasons, programs are advised to purchase new rather than used tools and to eschew donated equipment, which may have defective safety features.   
Injection Molding Machines. These machines make a shape of the mold and manufacture plastic or composite parts through an injection molding process. Although referred to as trainers, the machines used in the lab are actually the same (light-duty) machines that industry uses. Their primary function in the program is to demonstrate the entire production process, from initial design to machining to molding, rather than to train students specifically in injection molding. Hence, it is sufficient for a program to purchase two machines for a class size of six to eight students.    
Peripheral tools. Each machine requires a complement of different tools, such as cutters and inspection tools to check the parts. These tools tend to be expensive, contributing to the relatively large up-front costs of starting a machining program. To defray a portion of these costs, some programs charge students a lab or materials fee.  
CNC Machines. A CNC (computer numerical control) is essentially a manual machine with a computer attached, enabling the operator to avoid physically handling the machine. The minimum required number of CNCs is two: one for the milling machine and one for the lathe. Because the CNC teaches students how to set up the manual machines, eight to ten rotating students may work on the machines at once.  
Because the CNCs are expensive (approximately $35,000 to $40,000 each), a program is also advised to purchase the far less expensive (approximately $1,500) CNC trainer control panel. This device mimics the actual CNC control panel, allowing students to practice pushing the appropriate buttons. It is feasible to put two students on the real CNC and two on the control trainer.  After the first three or four weeks of instruction, however, students tend to lose interest in using the trainer panel and are eager to use the actual CNC machine.  
[bookmark: _Toc293574164]C. Personnel 
FAR Track
For the technical training lecture, classes may be as large as 24. The FAR track curriculum separates lecture and lab into separate classes to allow flexibility in the delivery model. Ideally, faculty will have industry experience and specialized advanced composites training. Professional development for instructional skills and mentorship are recommended for industry trainers entering the college environment. 
In the laboratory, in addition to faculty, a staffed tool room and laboratory assistant are recommended for ten or more students. The tool room or laboratory assistant also helps to kit projects for use in the lab and perform small repairs. Experience with advanced composites is highly desirable and hard to find. South Seattle College reports success hiring recent graduates while they transition to full-time employment or continue their education. 
Finally, NSC certificate programs also benefit from having a program coordinator or Navigator to facilitate program delivery, from recruitment and enrollment to student support and job placement. Section 5. Student Success Strategies, includes a detailed description of this role.
CNC Machining Track
At a minimum, a class size of 12 to 14 students requires one full-time instructor and at least three part-time laboratory technicians. For instructors, a machinist, not a mechanical engineer, is best. Ideally, the machinist will be a journeyman, i.e., a person who has completed an apprenticeship and/or holds a license certifying that he or she has completed the requisite hours of field- and classroom-training, and who possesses broad-ranging experience in the field. 
For lab technicians, a program is advised to hire only individuals with substantial (i.e., at least ten years) industry experience. While such a technician will command twice as much in wages as someone lacking such experience, investing in this position (often called an adjunct lab instructor) is crucial for safety as well as for pedagogical reasons. Other key duties that a lab technician performs include troubleshooting and repairing malfunctioning equipment, maintaining the inventory (including student tool boxes), ordering parts as needed, and keeping the lab running smoothly. When the machines break and the tools wear out, as they inevitably do—especially when the class size grows and the lab runs all day, year round—it is far more cost effective for the lab technician, rather than an outside repair person, to respond.        
[bookmark: _Ref292736295][bookmark: _Toc293574165]Section 4. The Role of the Local Business Community 
It is essential for adopting colleges to cultivate strong ties with an array of partners to ensure success in developing, launching, and sustaining a program that connects students to the workforce. Such partnerships ensure that the program has a deep understanding of the target occupation. Even when a college chooses to adopt the NSC curriculum in its entirety, assembling a program advisory committee is still highly recommended. Such a committee is ideally composed of eight to ten employers and others from the local business community. The role of the committee is to offer advice regarding the initial development of the curriculum as well as ongoing program delivery and eventually job placement of graduates.
[bookmark: _Toc293574166]A. Locally-Responsive Curriculum
Together with program faculty and staff, the advisory committee should assess the curriculum’s relevance to local skills needs, identify any gaps in the curriculum, guide the program’s choices regarding electives and national certification(s), and advise on the types and brands of equipment that the program should purchase. 
Verifying local and regional labor market demand for technicians trained in the CNC Machining or FAR tracks is a crucial first step in deciding whether to adopt a Composites Technology program. Sometimes, an employer or consortia of employers approaches a college to request training opportunities for incumbent and respective workers in the composite materials or CNC machining fields. The NSC partner colleges located in Washington State, for instance, benefited from such industry-initiated program development, as described in Appendix B: Case Study – Creating and Delivering an Industry-Driven Program.
In cases where employers have not approached an adopting college to request training opportunities, the adopting college should reach out to companies directly for their input. Such employer information, as well as labor market analyses from government agencies or industry groups, can form the basis for the types of needs assessment that colleges typically must conduct to gain local and state administrative approval of new programs.  Colleges should note that there are composites jobs that do not require extensive training and do not provide wages justifying investment in a composites technician program by either the student or the institution. Hence, careful labor market research is necessary.
[bookmark: _Toc285369246][bookmark: _Toc286675487][bookmark: _Toc405827714][bookmark: _Toc405827977][bookmark: _Toc293574167]B. Ongoing Program Delivery 
Involving employers promotes crucial buy-in, motivating members to champion the program among their peers and engage in activities that strengthen program delivery. For example, employer partners may:
Provide updates on the local economy and projected areas of employment growth.
Serve as guest speakers to introduce students to their organizations, identify and discuss in-demand skills sets, outline their expectations as employers, and describe the hiring process. 
Host tours of company facilities for faculty, staff, and students.   
Donate specialized lab equipment and supplies and help with equipment upgrades. For example, a South Seattle College advisory board member arranged for the donation of large body sections of a Delta 747 airplane to be used during instruction, and Boeing organized a faculty “wish list” for community colleges offering Composites Technician programs.
Assist in program marketing.
Serve as adjunct instructors.
Provide job-shadowing opportunities and serve as mentors to students.
Offer internships to students.
[bookmark: _Toc285369247][bookmark: _Toc286675488][bookmark: _Toc293574168]C. Internships and Apprenticeships
In addition to providing students with critical hands-on, industry-relevant experience, internships serve as a useful recruitment tool for companies, help certificate programs engage with employers, and generate key feedback loops between the programs and employers, which can heighten the program’s demand responsiveness. Internships are thus a highly recommended program component, albeit one that can be challenging to implement. 
Apprenticeships combine on-the-job training with occupation-focused classroom instruction, typically under the supervision of a craft person or trade professional, and sponsored by joint employer and labor groups, individual employers, and/or employer associations.[endnoteRef:11] The FAR track curriculum prepares students to apply for apprenticeships, including the IAM/Boeing Joint Apprenticeship programs. South Seattle College’s  and Clover Park Technical College’s Aviation Composites Certificate program meets the vocational training requirements for Boeing’s Blue Streak Mechanic and Composite Manufacturing Technician apprenticeship programs.[endnoteRef:12]  Cuyahoga Community College also has extensive connections to apprenticeship training programs. [11:  For more information, see the US Department of Labor’s Registered Apprenticeship program: http://www.doleta.gov/oa/]  [12:  For more information see http://www.iam-boeing-apprenticeship.com/apply.html.] 

[bookmark: _Toc293574169]D. Job Placement
Multiple organizations must collaborate for certificate programs to succeed in placing graduates in positions within the target sector. The workforce system, college career development staff, and industry partners all play important roles in providing job search and placement assistance, ranging from helping students prepare resumes to connecting them to internships and full-time employment.   
Assembling a strong network of employer partners who rely on the program to supply their entry-level technicians is critical to successfully placing graduates. It is especially important to engage with local industry associations, economic development organizations, and regional membership organizations, such as the Chamber of Commerce and Small Business Association, to raise awareness of the program and recruit members to join its advisory board. Ideally, a program would fund a full-time job developer to work closely with local employers to identify job opportunities and build the trust necessary to convince them that program graduates are good candidates for the positions. Otherwise, the program could task a staff member, such as the program coordinator or Navigator, with building ties to the business community.    
To read more about helping students secure employment, see Appendix C: Job Placement Best Practices.
[bookmark: _Toc285369248][bookmark: _Toc286675489][bookmark: _Ref419234320][bookmark: _Toc293574170]Section 5. Student Success Strategies 
[bookmark: _Toc285369249][bookmark: _Toc286675490]NSC programs improve student persistence by creating a built-for-completion program structure that guides students toward graduation and career entry in an accelerated time frame. While it is best to implement all of the following student success elements in concert, NSC certificates are designed to be nationally portable and locally customizable. Accordingly, adopting colleges are encouraged to work closely with their internal and external partners to develop a certificate program that best meets their college and local labor market needs.
[bookmark: _Toc293574171][bookmark: _Toc401141879]A. Built-for-Completion Structure
[bookmark: _Toc402439039]Cohort Model
A hallmark of NSC programs is their unified cohort structure, in which students are recruited and enrolled as a cohort, taking all courses together in sequence. The cohort structure can be a selling point during recruitment, as it offers a community atmosphere and an opportunity for students to build relationships with other students, faculty, and staff. Students hold one another accountable, can develop study groups, and support each other.
Of course, instructor and room availability impact not only the amount of equipment and number of students that a program can accommodate, but also the number of cohorts that it can operate simultaneously. Where possible, running simultaneous cohorts maximizes the use of facilities, although it does increase the number of instructors needed. A program with only one classroom reserved for its exclusive use would find it challenging—though not impossible—to teach more than two cohorts simultaneously, particularly under a block scheduling system. 
[bookmark: _Toc401141880][bookmark: _Toc402439040]Block Scheduling and Compressed Schedule
NSC has designed a recommended course sequence to enable students to complete all required courses in one year. The one-year timeframe is based on a block-scheduling scheme that has both advantages and disadvantages. Benefits include convenience for students who take all courses at the same time each day. Students with a part-time job or family care responsibilities often prefer block scheduling due to its consistency. Recruiting adjunct faculty in a block scheduling system may be challenging, however, as it can limit an instructor’s flexibility and hence availability. 
[bookmark: _Toc402439049][bookmark: _Toc285369250][bookmark: _Toc286675491][bookmark: _Toc401141881][bookmark: _Toc293574172]B. Recruitment Strategies
Particularly when a college uses a cohort structure, recruiting students committed to completing the full program year is critical for their success. Employers and workforce agencies can be effective recruitment partners, as can campus staff, faculty, and even students.[endnoteRef:13] A best practice is to identify target groups of potential students (e.g., veterans), and then create a marketing plan specifying outreach activities for each group. Outreach activities comprise materials, methods, and venues. Materials could include print (brochures, fliers, postcards, banners, posters), multimedia (website, videos, slide presentations), and social media (LinkedIn, Facebook, Twitter, Pinterest). Methods could include advertising, earned media (issuing a press release that leads to free or “earned” media coverage), calling, emailing, meeting, posting, and/or presenting.[endnoteRef:14] Venues could include campus, libraries, community organizations, workforce agencies, veterans’ offices, places of worship, local retailers, restaurants, coffee shops, thrift stores, and high schools.  [13:  For example, for three months prior to the start of its first cohort, the program manager at Cuyahoga Community College provided information about the program at the college’s bi-monthly “Info Nights” sessions, which are open to the community.]  [14:  For example, the PBS program “Need to Know” filmed South Seattle College students and aired “Certifiably Employable,” which highlighted a student in the program’s aviation technology program. See: http://www.pbs.org/wnet/need-to-know/economy/need-to-know-may-3-2013-certifiably-employable/16860/] 

[bookmark: _Toc285369251][bookmark: _Toc286675492][bookmark: _Toc293574173]C. Screening and Guided Enrollment 
Colleges may use a variety of screening techniques to ensure that prospective students are capable of—and committed to—completing the one-year program and succeeding on the job. The ideal candidates for Composites Technology training are individuals who have a keen interest in working with their hands, enjoy problem solving, are comfortable with basic mathematical skills, and want to grow with an innovative technology. Candidates also should have the personal circumstances, including family support if needed, to devote an entire year to completing the program. 
It is ideal to assign student screening and enrollment to a specific staff member, whether a dedicated Navigator (as described in the next section) or other personnel. Under this guided enrollment approach, the staff member meets with each applicant to communicate the program’s requirements, learning environment, expectations, and rigors.
Selective Program Enrollment
South Seattle College’s Composites Technology program instituted a rigorous enrollment process requiring prospective students to attend an orientation for worker retraining at the college and an Aerospace Composite Technician open house event, achieve sufficient CASAS test scores, meet with the program Navigator, write an essay describing why they wish to enroll in the program and communicate via email with the program assistant, sending requested attachments and information during the course of the application and enrollment process. The team lead noted that the last requirement is “a screen to evaluate basic computer skills and professional communication skills.”
[bookmark: _Toc286675493][bookmark: _Toc293574174]D. Navigator Responsibilities
A key best practice for helping students succeed is employing a Navigator, whose role is to coordinate local student support services from initial contact as part of the marketing and recruitment process, through program completion and eventual job placement. Given the range of academic and personal challenges confronting many community college students, having a personal advocate can boost students’ level of commitment and chances of success. 
Typically, colleges offer students an array of services, distributed over multiple offices and departments, such as health care, counseling, tutoring, and veterans’ support. The innovation embodied in the Navigator position is to offer each student a single point of contact to whom s/he can turn for anything. Specifically, the Navigator helps assemble each program cohort by recruiting students and assisting them in the admission, enrollment, and financial aid processes. Once the program begins, the Navigator connects students with academic and any other support services needed to help them complete the program. A program that does not fund a Navigator should nevertheless assign the key activities that a Navigator performs to various staff members. The sections below outline key responsibilities; see Appendix D: Case Study – Navigating Student Success to read about Navigator services in depth.
[bookmark: _Toc401141884][bookmark: _Toc402439043]Academic Support Services
Working with other student support staff, Navigators can arrange for tutoring assistance with the help of student academic support or teaching and learning centers; obtain accommodation for students with learning or physical disabilities in conjunction with the college’s disability services office; offer academic advising services to students; and develop relationships with program instructors to learn about student progress.
For example, to catch potential problems early, a Navigator might ask program instructors at the beginning of each course to inform him/her if a student is having any difficulty. Follow-up with instructors throughout the course can reveal whether a student is on track, staying focused, putting forth sufficient effort, and maintaining his/her grades. Regular, one-on-one meetings with students can allow the Navigator to ascertain the cause of a student’s struggles and suggest appropriate measures, such as joining a study group, working with a tutor, or simply finding someone who can help him/her figure out when to undertake assignments amid life’s daily demands.   
[bookmark: _Toc401141885][bookmark: _Toc402439044]Financial Assistance
Navigators and other student support staff can help students obtain financial assistance, including third-party/workforce agency funding, state-level funding, unemployment insurance, and college financial aid. 
[bookmark: _Toc401141886][bookmark: _Toc402439045]Social Services
[bookmark: _Toc402439046]Navigators and other student support staff can connect students with the full scope of social services, including housing, food, clothing, transportation, and medical services. For an elaboration of this holistic approach to student support, see Appendix D: Case Study – Navigating Student Success.
Career Planning
Navigators and other student support staff can help students articulate their career goals. For instance, they might talk with students about whether they are willing to relocate, how far they are willing to commute, whether they have any targeted companies, and their minimum salary. Navigators also can probe whether the students seek further certifications or degrees and the role that the college may play in meeting these goals. 
[bookmark: _Toc402439047]Job Preparation 
Many community college students benefit from job preparation assistance that goes beyond traditional career services offerings, such as help identifying prospective employers and generic resume and interviewing advice. Instead, the Navigator or other support staff can offer more tailored assistance, such as instruction in job search protocols and industry conventions; help conducting job search using social media; and, particularly for students enrolled in STEM programs, help translating technical skills from the programs to their resumes. 
To read more about helping students secure employment, see Appendix C: Job Placement Best Practices.
[bookmark: _Toc401141890][bookmark: _Toc406354349][bookmark: _Toc286675494][bookmark: _Toc293574175]Section 6. Enhancing Program Sustainability
An essential approach to ensuring program continuation involves successful outreach to prospective students and the intensive support of students once enrolled. In addition, it is important to engage workforce agencies, and broaden program appeal. 
[bookmark: _Toc401141896][bookmark: _Toc285369254][bookmark: _Toc286675495][bookmark: _Toc293574176]A. Strengthen Student Pipelines
To build a pipeline of students prepared to enter a Composites Technology certificate program, an adopting college might make connections with local technical high schools offering manufacturing, machining, or related programs. A particularly useful strategy is to establish a dual-credit program with high schools, particularly when the community college certificate program does not require cohort enrollment. 
Partnering with other postsecondary education and training providers also holds promise for enlarging the potential student pool, as well as increasing the availability of shared resources. For example, certificates related or complementary to the Composites Technology certificate—offered at an adopting or nearby college—could stack with the existing certificate. Pre-apprenticeship and workforce readiness programs are also logical sources of new students. Moreover, graduates of programs such as Aviation Maintenance Technology or machining could add industry-valued skills by taking select classes from the FAR pathway. Because the tracks are complementary, FAR pathway students might wish to transfer to machining.
In this and other ways, the college can build awareness of the program among candidates, recruit them to apply and facilitate their enrollment. Of course, successfully retaining students through program completion and placing them in high-demand jobs will both enhance program sustainability and strengthen the student pipeline.
[bookmark: _Toc285369255][bookmark: _Toc286675496][bookmark: _Toc293574177]B. Engage Workforce Agencies
State and local workforce systems are key partners in colleges’ efforts to sustain certificate programs due to their ability to assist in all phases of program delivery. With their links to organizations responsible for analyzing labor market information, workforce staff can provide the program with ongoing labor-market data, as well as information on prospective candidates for training. With their close ties to economic development organizations, agency staff can help programs identify key industry employers. Finally, as the entity that oversees and provides the full spectrum of employment and training services, the agency can assist colleges across the program continuum, from recruitment to retention to job placement.[endnoteRef:15]    [15:  For example, the Composites Technology program at South Seattle College stations a staff member in the local workforce One-Stop that is co-located on campus; the staff member works with her workforce colleagues to conduct ongoing needs assessment and develop job opportunities for program students at regional companies.] 

[bookmark: _Toc402439055][bookmark: _Toc285369256][bookmark: _Toc286675497][bookmark: _Toc293574178]C. Broaden Program Appeal 
To enhance program sustainability, programs are advised to undertake more systemic and, often, longer-term job development strategies. These go beyond offering certificate training to include efforts to meet the full range of employers’ education and training needs, as well as to connect the college’s workforce development efforts with broader economic development activities. 
[bookmark: _Toc402439056][bookmark: _Toc285369257][bookmark: _Toc286675498][bookmark: _Toc293574179]Conclusion 
[bookmark: _Toc401229125][bookmark: _Toc401241074][bookmark: _Toc401229126][bookmark: _Toc401241075][bookmark: _Toc401229127][bookmark: _Toc401241076][bookmark: _Toc401229128][bookmark: _Toc401241077][bookmark: _Toc401229129][bookmark: _Toc401241078][bookmark: _Toc401229130][bookmark: _Toc401241079][bookmark: _Toc401229131][bookmark: _Toc401241080]The National STEM Consortium has a key aim of redesigning community college program structure to encourage student completion. Its innovative change strategy was based on the hypothesis that interventions that are comprehensive and integrated build the most effective pathways to credential attainment and positive labor market outcomes. Conversely, as a growing body of evidence demonstrates, reform initiatives that are limited in scope and scale produce limited outcomes. For example, interventions reaching a small fraction of targeted students or focusing solely on discrete aspects of their college experience—e.g., entry, tutoring, and developmental education—do not improve performance. 
The NSC’s effort to restructure the entire student experience is grounded in four research-based strategies. First, NSC instruction is outcomes-driven, delivering learning outcomes mapped to industry standards. Second, NSC programs are one-year, 30-semester-credit academic certificates. Graduates receive the greatest return on investment from certificates of one year or longer with a load of thirty-six semester credits or fewer. Third, NSC programs use a built-for-completion structure including a program navigator, cohort structure, block scheduling, compressed timeline, enhanced student support services, and employer partnerships. Research has shown that it is the combination of strategies, rather than any single strategy, that boosts student success.  Last, NSC programs embed contextualized refresher instruction in mathematics, communication, and professionalism to eliminate traditional remedial courses and prepare students for success in demanding technical courses. The NSC STEM Readiness course enables students who are not fully college-ready in math to enroll and succeed in the technical curriculum, thus broadening the pool of potential students and opening STEM careers to a greater number of workers. 
By adopting as many of these strategies as possible, and adapting them for local needs in consultation with employers, colleges may see impressive results in student engagement, completion, and satisfaction, leading to success on the job and a healthy, sustainable program.
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[bookmark: _Toc293574182]Appendix A: Resources
Occupations relevant to the Composites Fabrication, Assembly, and Repair track, listed by Standard Occupational Classification (SOC) codes, include:
SOC 17-3029.09 - Manufacturing Production Technicians
SOC 51-2099.00 - Assemblers and Fabricators
SOC 11-3051.00 - Industrial Production Managers
SOC 51-2092.00 - Team Assemblers 
SOC 51-2091.00 - Fiberglass Laminators & Fabricators 
Occupations relevant to the CNC Machining and Composites Manufacturing track include:
SOC 51-4041.00 - Machinists
SOC 51-4011.00 - Computer-Controlled Machine Tool Operators, Metal and Plastic
SOC 51-4012.00 - Computer Numerically Controlled Machine Tool Programmers, Metal and Plastic
SOC 51-4111.00 - Tool and Die Makers
SOC 51-4072.00 - Molding, Coremaking, and Casting Machine Setters, Operators, and Tenders, Metal and Plastic
For U.S. Department of Labor summary reports on each of these occupations, see the Occupational Information Network (O*NET) database at http://www.onetonline.org. Several are categorized as “Bright Outlook” occupations, in that they are “expected to grow rapidly in the next several years, will have large numbers of job openings, or are new and emerging occupations.” See http://www.onetonline.org/help/bright/.
 


[bookmark: _Ref419234468][bookmark: _Toc293574183]Appendix B: Case Study – Creating and Delivering an Industry-Driven Program 
Industry demand and employer involvement are hallmarks of the NSC Composites Technology Certificate program. The following case study highlights the key roles that industry has played at each major stage of program development, from the initial decision to adopt the program, through curriculum design and development, to ongoing program delivery.   
Adopting the Program
The NSC Composites Technology certificate program (FAR track) grew out of direct industry demand. In 2004, the Boeing Company (Boeing) approached Clover Park Technical College (CPTC) to develop a certificate program that would address the company’s workforce training needs at one of its nearby plants. CPTC created two short-term stackable training certificates, called, in combination, Aerospace Composite Technician. Seeking additional training, Boeing approached South Seattle College (SSC) in early 2011 to update the original certificates, building on CPTC’s existing certificates. Upon the formation of the National STEM Consortium in late 2011, Cuyahoga Community College, CPTC and SSC combined forces and substantially expanded and modified the two certificates to produce an updated and open-source Aerospace Composite Technician program (the current NSC Fabrication, Assembly, and Repair (FAR) track) as well as the CNC Machining track. 
Determining Curricular Parameters 
The NSC team’s first major pedagogical task was to negotiate the new program’s curricular focus, specifically the proposed expansion of the curriculum beyond aviation to the areas of machining and possibly carbon fiber manufacturing. A challenge was the potential elimination of the FAR track’s aviation focus, including all aviation-specific terminology that had been specifically requested by one of the industry partners of the grant, Boeing, to be included in the curriculum. SSC’s Aeronautical Technology industry advisory board also opposed this plan in light of the aviation industry’s importance to the regional economy. After extensive deliberation with industry partners, SSC concluded that, despite machining’s value to local industry, the rigorous standards of the aviation industry that guided the program formed its signature strength; indeed, program graduates were in high-demand across industries, while the aviation context lent itself well to the program’s study of applied math and physics. Consequently, the NSC team agreed to use many of the aviation examples for the FAR track, with a CNC machining focus constituting the second track. 
Identifying Overlap: Challenges and Innovation
Once the NSC team determined the certificate’s main areas of instruction, the next challenge involved developing a core curriculum. (The overarching process of developing curriculum that meets industry standards and needs is discussed in the next section.) To find potential curricular overlap in aviation composites technology and machining, the team conducted a series of labor market gap analyses. Describing the resulting gaps as “pieces of the composites training puzzle,” the team pushed hard to develop a shared core, driven by the goal of broadening the fields of instruction and strengthening their foundations. For instance, given the cyclical nature of demand for skilled aerospace workers, the partner colleges located in Washington State sought to offer training that would allow students to enter a range of industries beyond aviation. Indeed, the labor market analyses showed that students crossing from composites technician to machinists tended to earn higher salaries. Consequently, the team identified those skills also key in machining, such as precision measurement, print reading and drawing, to include in the core’s instruction. Likewise, the machining program in Ohio wanted to broaden its composites and polymer curriculum to meet the evolving and specialized needs of area employers who were using advanced composite materials
Interestingly, the NSC Composites Technology team discovered during the design phase that broadening the curriculum to non-aviation-related concepts and techniques improved the illustration of various fundamental composites concepts. Even the SSC’s advisory board endorsed such curricular changes. Meanwhile, recent advances in manufacturing and the growing dialogue among the diverse sectors using composite materials have strengthened the ties binding the two NSC tracks. 
Conducting a DACUM
A DACUM (Developing A CurriculUM) is an occupational analysis method used to develop training curriculum that closely matches industry needs. Usually lasting one or two days, the DACUM process involves members of industry with specific job expertise participating in storyboarding (or graphic representation) to identify the major duties, tasks, knowledge, skills, and traits included in an occupation. To build the NSC Composites Technology certificate curriculum, South Seattle College participated in DACUM conferences co-sponsored by two Washington State Centers of Excellence (COEs): the Northwest COE of Excellence for Marine Manufacturing and Technology and the COE for Aerospace and Advanced Manufacturing. (Created by the Washington State Board of Community and Technical Colleges, COEs are industry-led institutions that build in-demand education and training programs targeted to strategic industries driving the state’s economy.) 
The first DACUM workshop, which focused on the occupation of composite technician, convened panel participants from the aviation, shipbuilding, marine, materials research, medical supply, and recreational products industries. Companies included the Boeing Company, Janicki Industries, Ingalls Shipbuilding, and Mervin Manufacturing. Among workshop observers were representatives from the two COEs, the Air Washington consortium (see textbox, below), high schools, eight Washington State community colleges, and community members. This DACUM mapped the expected work profile of a typical Composite Technologies Technician. The second DACUM, hosted by SSC, focused on the Composite Repair Technician, whose skill set is additive to the Composite Technician. The CCC Composite Technology program lead, along with faculty and staff from CPTC and SSC attended this workshop and close relationships among faculty and staff of Air Washington and NSC developed. The DACUM Workshop Reports may be accessed at http://www.marinecenterofexcellence.com. Following the DACUMs, the colleges from the NSC grant and Air Washington TAACCCT grant involved in machining and composites programs began to meet at national meetings and visit each other’s programs.
Eight colleges from Air Washington who had or were developing composites programs (including CPTC and SSC) built upon these relationships to form Composites Washington. With the assistance of the two Centers of Excellence described above, they have pooled resources to provide faculty and staff training, cross-promote program offerings and apply for state grants.  Industry is very positive about this development as it leads to adoption of common training standards and a single point of contact for communication of industry training needs. The organization has gained state attention as a mechanism to recruit employers to locate to a region with a well-trained composite technology workforce.
Industry Engagement in Program Delivery 
Instrumental to the NSC program’s ability to provide in-demand training and successfully place students in career pathway opportunities are ongoing contributions of staff time, expertise, and resources from an array of employer partners. The following description highlights the efforts of two employer partners who are actively involved in the FAR program.    
Hexcel, a global manufacturer of composite materials and products for such industries as aerospace and wind energy, has worked with NSC partner colleges from the program’s inception. For instance, the company undertook a comprehensive review of the FAR track and offered to help South Seattle College (SSC) acquire and develop needed training props. (The Boeing Company also assisted in this regard.) Hexcel hosted Clover Park Technical College and South Seattle College program staff on a tour of its local composite manufacturing facility, sharing its plans for future growth and the hiring of composite technicians. The company invited the SSC program manager and lead instructor to review industry Standard Operating Procedures and learn more about laser-guided layup at its facility. It also assigned an HR supervisor and Senior Production Supervisor to work with the SSC program to coordinate tours and periodically review the curriculum to detect gaps in graduates’ training. 
Finally, the company has signaled its ongoing support of the program by agreeing to interview all graduates who apply and by hiring a number of program graduates. Finding that SSC program hires were outperforming their peers, the company dropped the math placement test for SSC applicants, and asked SSC to consult on its incumbent worker training. This relationship not only provides the program faculty member assigned to this role with valuable industry experience, but also gives the SSC program “unprecedented access to the company’s shop floor, engineers, and HR department.”
Similarly, Boeing’s Human Resources Department and CPTC and SSC made a special arrangement regarding online review of the program’s student applications. In particular, when students pass the final quarter, the programs forwards their email addresses to the company, which then retrieves the applications from its online application system for review.
As a result of the collaboration between CPTC, SSC and six other colleges of the Air Washington Consortium, a team of Boeing engineers from across the country, and Boeing training administrators reviewed all eight school’s composites program (curriculum, faculty and staff) and is helping Composites Washington members develop additional lab projects and training materials.  South Seattle College refers to this as FAR Composite Technician Program 2.0., viewing the arrangement as proof that a pool of projects with aligned learning outcomes will allow consistency of training and regional flexibility to meet industry needs.
The opportunity to define consistent education and training standards across the state and other industry clusters around the country associated with Boeing led to this major investment. 


[bookmark: _Toc275992725][bookmark: _Ref419234862][bookmark: _Ref419235195][bookmark: _Toc293574184]Appendix C: Job Placement Best Practices
The National STEM Consortium’s ten partner colleges have generated a wealth of best practices at every stage along the program continuum, from program design and development to student job placement. The following examples of innovative and effective job placement strategies and activities are from three partner schools within different NSC pathways.  
Reverse Interviews
The South Seattle College (SCC) NSC program has created an effective strategy for sharpening its understanding of local employers’ workforce needs and expanding its employer base, while fostering continuous improvement. In a nutshell, program staff remain in contact with program alumni through a system of periodic interviews, not only with alumni, but also the hiring or Human Resources staff at their respective employers. On a monthly basis, program staff contact alumni and conduct a short survey, asking such questions as whether the company currently is hiring and, in light of the graduate’s current job duties, whether the program’s curriculum omitted any important learning outcomes. Indeed, the information flowing from these contacts has led instructors to make relevant curricular changes, such as adding new embedded safety and applied math topics into the curriculum and expanding the focus on metrology, semi-precision and precision measurement, and prints and drawing, among other topics. 
This “scheduled system of call backs” with alumni also helps the program cultivate relationships with HR staff, which often generates useful information for the program, such as alumni retention rates and career paths within particular companies. Moreover, these relationship-building efforts have encouraged many alumni to contact the program when jobs at their companies open up, while some even personally deliver students’ resumes to HR staff. As the SSC team lead summed up: “Our students are our ambassadors. They give us an inside knowledge of job postings, provide feedback on skills they are lacking, and connect us to production managers and HR.”
[bookmark: _Toc266061166][bookmark: _Toc396842064][bookmark: _Toc401524500]Placing Graduates through Speed Interviewing
The NSC Cyber Technology and Mechatronics programs held a joint speed interviewing event at Anne Arundel Community College in which 25 local companies interviewed graduating students for actual job openings. Similar to speed dating, this technique allows for a quick assessment of the potential match between applicant and hiring company. With program staff keeping time, students rotated to a different employer every six to eight minutes. Staff provided each employer with a bound book of student resumes, arranged alphabetically (the order in which students interviewed). The event took place at the college’s CyberCenter, using every classroom and office in the building. In the lounge, where staff provided refreshments for participants, huge screens projected employer contact information, which substituted for employer introductions and thus economized on time. In addition to providing students with valuable interviewing experience and the opportunity to compare a large set of employers, the event showcased the students’ technical expertise and professionalism to a range of new employers, who thereby became more vested in the program.   
Using Social Media
The Electric Vehicle Development Technology (EVDT) Certificate program at Macomb Community College (MCC) in Detroit, Michigan has made extensive use of Facebook and LinkedIn as recruiting/marketing, instructional, and job placement tools. The EVDT program Navigator launched the program’s Facebook page in close collaboration with MCC’s Marketing Department, which approved the graphics and content and included it on the college’s own Facebook page to ensure maximum visibility. Several times weekly, the Navigator updates the program’s page with industry news, job opportunities, information sessions, and special class events, such as a recent trip to the Chevrolet Volt plant. On average, 200 people view such posts on the EVDT program’s Facebook page, while 9,000 or more view them on MCC’s Facebook page. 
Discovering that cold calling and emailing industry contacts to discuss the program tended to yield minimal response from employers, the Navigator also created an EVDT program LinkedIn group. Within days, several employers who had ignored previous outreach attempts agreed to meet with program staff to discuss student internships and employment opportunities. The Navigator provides training to students to maximize use of both Facebook and LinkedIn, and encourages students to post frequently on the program’s pages. Active discussion has ensued on both sites, revolving around recently posted articles, class materials, and upcoming events. Such engagement facilitates interaction with employers, who in turn view students more seriously as potential future hires. This job search strategy can be especially fruitful given that EVDT program alumni—many of whom themselves are in positions to hire—are often frequent participants in the LinkedIn group’s online discussions. The Navigator also encourages students to extend their networking within the industry by joining related LinkedIn groups, such as Green, EHV, Automotive, and Alternative Energy. The EVDT program itself has been able to use the site to extend its recruiting reach to a much wider constituency by connecting with workforce agencies, industry associations, and other relevant groups. 

[bookmark: AppendixE][bookmark: AppendixF][bookmark: _Ref419235123][bookmark: _Ref266050367][bookmark: _Toc293574185]Appendix D: Case Study – Navigating Student Success
Embedded student support services are a linchpin in the National STEM Consortium’s effort to promote high rates of program completion, credential attainments, and employment. Each NSC partner college had flexibility to design such services to meet their local needs. Some programs combined all support functions in a single position, typically called a Navigator, while others divided them among several positions, such as student outreach coordinator and internship coordinator. The key was to offer students intensive support and ongoing personal connection throughout the student lifecycle, from initial program recruitment to job placement.  
This case study illustrates the work of one Navigator, located at Anne Arundel Community College, in Arnold, Maryland. Responsible for student recruitment, screening, enrollment, retention, and job placement, the Navigator seeks to build a systematic relationship with students through regular one-on-one meetings and an Individual Employment Plan (IEP) assessment tool, which she adapted to meet the needs of her student body. 
The IEP addresses personal information, including employment status, any disability, and any criminal background and/or current or previous legal issues; career and educational goals; academics and study strategies; resource needs, including housing, medical, food, clothing, child/family care, credit, and transportation; and activities and services needed. By eliciting this array of information, the Navigator aims to paint a full picture of her students, who are in vastly different positions in their lives: one student makes $10 an hour while another makes twice that amount; one student has a closet full of suits, the other has only a single pair of khakis; one student aspires to attain a master’s degree, another needs a place to live.
The Navigator and the student complete the half-hour assessment four times throughout the program: once during each of the program’s three terms and the last at program completion. Because much in a student’s life can change over the course of a year, she designed four versions of the IEP, each of which corresponds to a different stage of the program. While some questions vary across forms, others remain the same so that she can track student progress from a baseline set of data. See the accompanying folder NSC Mechatronics Example Job Placement for the full set of IEP tools. 
At the start of each meeting, the Navigator explains that the form is confidential—shared only with program staff, not instructors—and that students may provide as much or as little information as they feel comfortable doing. She observed that no student has ever declined to answer a question, even those probing basic resource needs: “Sometimes they’re dying to talk about these issues. They’ll say the next day that they feel so much better having talked about the issue, and now they can focus on school.”
Using this tool, the Navigator may learn that a student “couldn’t focus in class because they hadn’t eaten, or did not do their homework because they did the graveyard shift the previous night. Their house may have been foreclosed on, they have a newborn and can’t afford formula, or they had major surgery. You wouldn’t recognize this in a regular academic environment; no one asks: ‘Did you have dinner last night?’” As a result, she spends much of her time connecting students to a variety of county- and state-level social services and low-cost support options, including food pantries, medical care, mental health counseling, child care, substance or domestic abuse recovery groups, public transportation, veteran resources, unemployment benefits, and emergency and/or temporary housing. Experience in community outreach is thus an important qualification for the position. 
Identifying problems at the program’s beginning greatly assists students on the employment end. For example, one student came to her concerned that the one suit that he owned no longer fit him properly, which meant that he lacked business attire for an interview scheduled for the following day. As a result, the IEP now asks whether the student has needs related to interview preparation, in part to connect students early on with suitable professional attire.
The Navigator identifies students who are struggling in order to intervene before they veer too far off track. By asking how each course is progressing, she can ascertain whether the problem lies in the speed of the class or the student’s study habits. If the latter, she can connect the student with tutoring services or help the student find a study group to join. The assessment also solicits student feedback on each class, allowing the instructor to adjust the curriculum as needed and conveying to students that the program truly does value their opinions and suggestions, not just at program completion, but at its beginning. 
The IEP tool prompts students to think about their career and educational goals. A student may express an interest in creating a business, in which case the Navigator might suggest possible entrepreneurship training opportunities or services. The question whether the student wishes to pursue further certification or degrees may lead to a discussion about additional educational options. For instance, the Navigator may help a student who holds only a GED to determine the classes required to complete an associate’s degree. She noted that holding a conversation around what the college can offer students if they enroll in future programs is “good for student retention, as well as for the college.”
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