Validity and Reliability of the SpaceTEC®
Aerospace Technician Core Certification Examination
Albert Koller,a David Brotemarkle,a Frank Margiotta,a and Shai Neumannb
a

b

SpaceTEC, John F. Kennedy Space Center, Florida
Brevard Community College, Melbourne Campus, Florida

ABSTRACT
This monograph documents the approaches, techniques, activities, outcomes, and accompanying
validation processes used to produce and evaluate a hands-on, operational testing program for
certifying skills and competencies of entry-level aerospace technicians nationwide. Major
changes in our nation’s civil, military, and commercial aerospace programs have drawn attention
to the importance of assuring the quality of our technical workforce for the future. In response to
this requirement, a nationwide alliance comprising representatives from industry, government,
and academia has created a formal certification program for aerospace technicians using national
skills standards based on aerospace industry needs and supported by a comprehensive
certification examination and a national infrastructure.
Described here are the methods used for developing the examination instruments utilized in the
certification program and the initial work in evaluating them for validity and reliability. The
evaluation processes included summative and normative assessments by subject matter experts,
individual question bank assessments, baseline testing, computer-based test item analyses,
statistical correlation and regression analyses, and the assessment of outcomes for individual test
performance as predictors of actual task performance in the aerospace workforce.1 The
development processes included extensive use of DACUMs for identifying and validating the
tasks, skills, attitudes and competencies that were used to develop the curriculum.2 The
development of test questions, testing methods, and hands-on practical performance exercises
used a combination of subject matter experts and group consensus processes to identify a large
number of candidate elements that were systematically assessed to remove the “non-corecompliant” areas.3 The frameworks for linking skills and proficiency levels for tasks and
competencies were derived from proven elements of widely used examinations employed in
closely related existing programs.4 All of these activities were coordinated with government and
industry stakeholders, evaluated, revised, and modified in accordance with task requirements and
workplace standards approved by key aerospace industry leaders specifically for this purpose.
In this study, the term ‘reliability’ is defined as a measure of the consistency of a test, generally
expressed as a coefficient of correlation.5 A reliable exam produces consistent results when
1

Gregory J. Cizek, 2001. "Setting Performance Standards: Concepts, Methods, and Perspectives". Mahwah, NJ:
Lawrence Erlbaum Associates, Inc.
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Center On Education And Training For Employment, The Ohio State University, www.dacumohiostate.com.
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Local and National Aerospace Technology Advisory Committees (ATAC, NATAC) results. www.natac.org.
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FAA Airframe and Powerplant Certification; www.faa.gov; and United States Air Force, www.au.af.mil/au/ccaf/.
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Robert Soltysik, 2000. “Validation of Organizational Engineering Instrumentation and Methodology” found at
http://www.oeinstitute.org/additional_articles.htm.
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administered repeatedly in similar circumstances and without intervention. The SpaceTEC exam
was administered to a population of fifty incumbent technicians twice within a single day with
no intervention and only a short break between tests. The resulting correlation coefficient was
0.923, indicating that this examination can be expected to rate among the most reliable of tests.
Validity is a measure of whether the methods used and the results obtained in an activity are
meaningful; i.e., does the test as designed and administered to a chosen population really
measure what it purports to measure? Can the results be ‘validated’ objectively against
observable facts? In this study, the number and kinds of questions were found by subject matter
experts to be appropriate for the variety and level of work being measured (face validity). The
nature and content of the questions were judged to correctly identify and discriminate for the
primary tasks required in the aerospace workplace (content validity). The relationship of the test
instruments to the actual tasks of the job in the real world from the employers’ perspective was
found to be appropriate (construct validity). The overall results of the SpaceTEC exam are being
evaluated to correlate test results with observable facts about the suitability of the candidates
being tested based on their actual capabilities as observed in the workplace (predictive validity).
Additional work remains to be done to confirm cross-validation and predictive validity of the
instrument, but initial findings provide encouraging evidence that this is a robust examination
that produces reliable results. The certification examination process will continue to be studied
and evaluated for validity and reliability as this important process evolves.

BACKGROUND AND PROBLEM STATEMENT
The impetus for the SpaceTEC® aerospace technician certification program began in 1999, when
NASA Administrator Daniel Goldin first observed that “…at NASA there are twice as many
engineers over age 60 as under age 30”.6 During this same period, the Commission on the
Future of the U.S. Aerospace Industry (aka the Walker Commission), established by President
George W. Bush to promote the nation’s aerospace industry, outlined actions the United States
should take to remain at the forefront of space technology and further emphasized the importance
of technical education at the national level in preparing the nation’s aerospace workforce of the
future.7 Workforce education emerged as a major need.
These studies linked the decline of qualified aerospace workers to three key factors: (1) an aging
technical workforce with impending retirements, (2) the closing of Department of Defense
(DOD) bases and technical schools that produce well qualified technicians, and (3) the lack of
educational programs and the infrastructure to produce replacement technicians in a timely
fashion. These concerns and the results of past practices identified two crucial elements for the
future: (1) the traditional approach to qualifying technicians takes too long and costs too much,
requiring on-the-job training by senior technicians or engineers over a three-to-five year period;
and (2) each job in the aerospace industry requires extensive continuing certification to meet
government and/or industry “best practice” standards. All certifications were company-based
with no transportability or articulation, even within the same company. A new process was
needed to unify the industry and minimize or avoid government regulation in the future.
6
7

NASA Chief Deplores Drop In Engineering Degrees. Washington Business Journal, April 27, 2001.
Final Report of the Commission on the Future of the U.S. Aerospace Industry, Nov 2002, pp. xv-xvi.
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To address these issues, a consortium of colleges known as the Community Colleges for
Innovative Technology Transfer (CCITT) created SpaceTEC® in 2002 to serve as the focal point
for aerospace technical education overseeing development of a nationwide certification program
for aerospace technicians.8 SpaceTEC began with nine colleges and now comprises 14 partner
colleges in 11 states. Based at Brevard Community College (BCC) in Florida, activities include
colleges in Alabama, Arizona, California, Florida, Maryland, Mississippi, New Mexico, Ohio,
Texas, Virginia, and Washington State. SpaceTEC operations are housed in facilities at NASA’s
John F. Kennedy Space Center and the Air Force’s 45th Space Wing at Cape Canaveral Air Force
Station, with partner institutions located near major NASA or DOD aerospace facilities.
In 2002 SpaceTEC was awarded a $3M, three-year grant from the National Science Foundation’s
Advanced Technological Education (ATE) Program to develop and operate the nation’s only
National Center of Excellence for Aerospace Technical Education. This grant was renewed in
2005 for an additional $3M over four years. During the first phase of the program, curricula
were produced, distributed, and taught to students in one-year certificate programs and two-year
Associate Degree programs. Graduates and qualified incumbent workers were invited to sit for a
national certification examination. A complete national infrastructure was emplaced to support
the identification, training, and certification of SpaceTEC examiners and development and
baseline testing of a certification examination. During phase 2 of the program now underway,
the examination process will be deployed nationally and new partners will be added.

APPROACH AND METHODOLOGY
One of the keys to success for SpaceTEC has been its steadfast adherence to the principle of
industry verification of need and content. This, combined with rigorous periodic review by
representatives of the National Science Foundation and its Internal and External Evaluators and
National Visiting Committee, provide unique and diverse views of the requirements as well as
the methods suitable to achieve the intended results. For example, using both internal and
external support groups, all elements of the curricula and the resulting examination processes
have been subjected to rigorous review, comment, and revision prior to adoption. This process -begun even before the award by NSF for SpaceTEC -- has utilized some of the most powerful
and best-known methods to meld academic rigor with industry-driven skills to assure workplace
relevance. NSF overview has confirmed the effectiveness of these approaches, and each of the
methods used to establish requirements and validate their achievement has been documented.
These are described in the sections that follow and include: (1) the organizational infrastructure;
(2) the curriculum and national skills standards; (3) the evaluation process; (4) certification
examination formats and support elements; and (5) the baseline examination process.9

ORGANIZATIONAL INFRASTRUCTURE
The SpaceTEC Center of Excellence began by combining local support with national reach,
providing local college partners and their global industry counterparts eight major deliverables as
8

SpaceTEC is a subsidiary of Community Colleges for Innovative Technology Transfer, Inc., a consortium founded
in 1994 and funded by the National Science Foundation ATE program. See http://www.ccitt.info.
9
Championing Tomorrow’s U.S. Technical Workforce: A National Priority for Future Success. www.spacetec.org.
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shown below. During the first three years all eight areas achieved the goals established for each.
For Phase 2, which began in August 2005, the primary focus is on the two shaded areas.
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ATACs
To identify and support the needs of their communities, SpaceTEC partner colleges use advisory
committees called ATACs (Aerospace Technology Advisory Committees) to identify
workforce skills and competencies, as well as determining the training activities and
infrastructure required in each locale. A typical ATAC includes members from government,
industry, and academic groups that provide workforce needs assessments, curriculum
development, and expert industry input to define and guide development of courses leading to
one-year certificates and/or a two-year Associate’s Degree in Aerospace Technology.
Each ATAC provides support ranging from funding for operations and scholarships to subject
matter experts, tuition reimbursement for incumbent employees, surplus equipment and
materials, facility space, access to workshops and labs, curricular materials, training aids, and
executive time for review activities. In providing such comprehensive support, the ATACs are
the primary sources for face and content validity for the certification examinations. Using what
are called “murder boards” and subcommittees of experts to review and comment on tasks,
curricula, techniques, equipment, test methods, questions and answers to assure relevance, these
organizations provide the highest possible correlations between actual workplace competencies
and their technical education implementations. Formal reviews assure that expectations are
reflected in actual classroom and lab/shop operations, and the ATACs have assisted in staffing
© SpaceTEC, 2006, All rights reserved
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the baseline examinations and evaluating their results. The Florida ATAC shown below has
incorporated as a not-for-profit corporation, and ATAC leadership roles are industry-based, not
staffed by college personnel.
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NATAC
To develop a national infrastructure, SpaceTEC asked its college partners to identify industry
representatives from each ATAC to serve on the National Aerospace Technology Advisory
Committee (NATAC), combining local and national groups. SpaceTEC also partnered with the
American Technical Education Association (ATEA), the nation’s longest-tenured professional
association of technical faculty, to link business and industry with academia and the workforce
nationally. In addition to advisory functions linking SpaceTEC with its partner colleges and
their faculty groups, the NATAC includes a new member-based organization, the National
Association of Aerospace Technicians (NAAT), to provide professional development activities,
outreach activities, and career enhancement support similar to that provided for engineers: e.g.,
national databases for job banks; identification of emerging technology issues; newsletters and
journals; a national conference; and a website through which to develop networks of technicians
with common interests and like-minded individuals seeking to expand their educational horizons
through lifelong learning initiatives.10

10
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The NATAC includes local and national organizations that interact for communication, oversight
and advice; funding of approved activities; mutual support for information exchanges and
clearinghouse functions; recruitment and retention; refresher training and certification
examinations; and professional development activities. It serves as one of the primary elements
for assuring construct validity, meeting semi-annually at one of the partner college sites, usually
in conjunction with the annual review by the National Science Foundation’s National Visiting
Committee, to receive inputs on the outcomes, achievements, issues, and decision needs of the
project. These two evaluative elements of the project receive inputs from internal and external
evaluators who assess all aspects of the project to provide summative and normative evaluations
and recommendations that are weighed and modified to reflect industry-wide, national standards
for acceptable practices and appropriate levels of proficiency.

The national alliance of SpaceTEC partners has become quite active and very useful in
dissemination of information, sharing of resources, and combining efforts to solve problems and
forge new capabilities. A map depicting the locations of the key players is shown below, with
the partner colleges, the NASA and DOD locations, and the industry partners identified. One
area in need of greater strength is the relationship of organized labor, and there are major
initiatives underway to strengthen this element by adding new partners during the next year.

© SpaceTEC, 2006, All rights reserved
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CURRICULUM AND NATIONAL SKILLS STANDARDS
A primary focus for the initial SpaceTEC work was the formation of a system to identify and
manage a common core curriculum and skills standards for its participants. This was a major
undertaking, initially aimed at developing formal articulation agreements with each college.
Early in the development process it became clear that each state had its own process for
approving curriculum, and this was not conducive to coordinating a national program with
common course numbering systems and linked competencies, so that approach was quickly
abandoned. In its place the partners developed a detailed catalog of competencies, skills
standards, and an inventory matrix that could be completed by each partner in assessing which
competencies were taught at every college. Through this mechanism the core curriculum was
formally developed and staffed through every ATAC for approval at the national level, infusing
the system with content validity from its inception. A common curricular base is the
fundamental element that ties the SpaceTEC colleges together. This core curriculum was
developed using the processes outlined below and includes (1) DACUMs for both core and
concentration subject matter; (2) technical competencies that define the boundaries between
common knowledge areas and specialized areas of concentration, and (3) skill standards and
student proficiency levels sufficient to qualify them for entry level positions upon graduation.

© SpaceTEC, 2006, All rights reserved
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DACUMS
To verify curriculum suitability and ensure local technical programs were consistent with
industry needs (content validity), SpaceTEC sponsored several Designing a Curriculum
(DACUM) workshops with industry representatives at partner schools to identify desired student
outcomes from aerospace technology programs.11 These outcomes included the: 1) duties and
tasks, 2) knowledge and skills, 3) tools and equipment, and 4) traits and attitudes students should
possess or be familiar with prior to entering the workforce. The DACUM results provided strong
face and content validity verification and confirmed that the previously identified core
curriculum was consistent with industry needs. These early efforts provided the initial basis for
face validity for the curriculum frameworks, core competencies, and the structure of the program
including the sequence and schedule of courses. Industry support and approval of the technical
curriculum were strong; acceptance and adoption of a core curriculum by partner schools proved
both challenging and time consuming, but results have been outstanding.

SKILL STANDARDS AND STUDENT PROFICIENCIES
The SpaceTEC national aerospace technician certification program standardizes and validates the
competencies identified by industry as necessary for an entry-level aerospace technician to
succeed in the workplace.12 This is the basis for the content and construct validity of the exam,
providing traceability for every element of the curriculum, its testing modes and questions, and
the desired outcomes and levels of performance expected for each area of the work. The project
has created and follows a well-defined and structured development process that unites industrybased needs and relevant workplace competencies with demonstrated knowledge and skills that
permit a valid certification.
11

The DACUM process is a formal approach to developing curriculum pioneered by Ohio State University.
See http://www.dacumohiostate.com/. SpaceTEC DACUM reports are available on request.
12
Gregory J. Cizek, 2001. "Setting Performance Standards: Concepts, Methods, and Perspectives". Mahwah, NJ:
Lawrence Erlbaum Associates, Inc.
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From the beginning of the SpaceTEC program, subject matter experts have provided direct
review and comment on all aspects of the curriculum, with special emphasis on competencies
and proficiency levels. Industry-driven inputs have dominated the development process. Two
specific guidelines were approved unanimously and have been followed in every phase of the
work:
1) The core program is designed to prepare and certify entry-level technicians in
broad-based technical areas essential to aerospace activities for the future.
2) Work ethic – the attitudes and values that motivate dependable employees who do
what is right – is the single most important element in any workforce education.
The areas to be tested are defined by the Core Student Performance Standards outlined in stateapproved curriculum frameworks and operationally defined by a combination of three
proficiency code keys that indicate the desired minimum level of knowledge and performance
for each task.13 The SpaceTEC proficiency code keys are similar to those used by the United
States Air Force On-the-Job Training Program.14 Examples are shown below.

Proficiency Codes

13
14

SUBJECT

1

Can identify basic facts and terms about the subject. (FACTS)

KNOWLEDGE

2

Can identify relationship of basic facts and state general principles about the subject. (PRINCIPLES)

LEVELS

3

Can analyze facts and principles and draw conclusions about the subject. (ANALYSIS)

SK

4

Can evaluate conditions and make proper decisions about the subject. (EVALUATION)

TASK

1

Can name parts, tools, and simple facts about the task. (NOMENCLATURE)

KNOWLEDGE

2

Can determine step by step procedures for doing the task. (PROCEDURES)

LEVELS

3

Can identify why and when the task must be done and why each step is needed. (OPERATING
PROCEDURES)

TK

4

Can predict, isolate, and resolve problems about the task. (ADVANCED THEORY)

TASK

1

Can do part of the task. Needs to be supervised doing most of the task. (LIMITED)

PERFORMANCE

2

Can do most of the task. Needs help only on hardest parts. (PARTIALLY PROFICIENT)

LEVELS

3

Can do all part of the task. Needs only a spot check of completed work. (COMPETENT)

TP

4

Can do the complete task quickly and accurately. Can tell or show others how to do the task.
(HIGHLY PROFICIENT)

SK4,TK3,TP3

Tether tools and personal items

SK1, TK1, TP1

Complete a repair project per drawing and specifications

A list of the basic Core topics is contained in Appendix A.
See www.au.af.mil/au/ccaf/.
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Proficiency
Codes

Student Competencies
DEMONSTRATE UNDERSTANDING OF SAFE, EFFICIENT,
PROFESSIONAL WORK PRACTICES
Š The student will be able to:

SK2, TK2, TP2
SK3, TK3, TP2
SK3, TK3,TP3
SK2, TK2, TP1
SK3, TK2, TP2
SK3, TK3, TP3
SK2, TK2, TP2
SK3, TK3, TP3
SK3, TK2, TP1
SK2, TK2, TP2
SK3, TK1
SK2, TK2
SK2, TK2

04.01 Observe work area rules and regulations.
04.02 Tether tools and personal items.
04.03 Log tools (ingress/egress).
04.04 Follow clean room/controlled environment procedures.
04.05 Conduct pre-shift/post-shift tool, materials, equipment, and
supplies inventory.
04.06 Follow proper foreign object debris (FOD) procedures.
04.07 Inspect for foreign object debris (FOD). (FOD is anything left
anywhere that does not belong. Source contract specifies policies and
procedures)
04.08 Demonstrate good housekeeping practices.
04.09 Demonstrate knowledge of static electricity hazards.
04.10 Demonstrate professional work ethics.
04.11 Demonstrate knowledge of ISO 9000.
04.12 Demonstrate knowledgeof quality assurance sciences.
04.13 Demonstrate knowledge of computer generated quality
management tools. (schedules, flow diagrams, spreadsheets)

Examples:
Tether tools and personal items. SK4, TK3, TP3. Applicants should be able to evaluate and
make proper decisions about tethering tools and personal items. They should be able to identify
why and when the tethering must be done and why each step is needed. Applicants should be
able to do all parts of the tasks and need only a spot check on completed work.
Complete a repair project per drawing and specifications. SK1, TK1, TP1 Applicants should
identify basic facts and terms and name parts, tools and simple facts about the repair project.
Applicants should be able to do simple parts of the repair and work with supervision.

EVALUATIONS
The National Science Foundation’s grant activity guidelines require that each participating
institution provide substantial evaluative assessments. These have been systematically reviewed
and codified into a SpaceTEC program management system that is implemented by each
partnering college. It should be noted that the SpaceTEC system exceeds the requirements of
NSF, not only because the SpaceTEC program is larger and more complex than many of the
© SpaceTEC, 2006, All rights reserved
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smaller NSF project grants, but also because of the importance, complexity, and sensitivity of the
certification process to the overall success of the Center. Evaluations include: (1) SpaceTEC
appointed internal and external evaluators; (2) a SpaceTEC partner-appointed National
Aerospace Technology Advisory Committee (NATAC); (3) an NSF-appointed National Visiting
Committee of experts; (4) an annual NSF evaluation survey; (5) internal assessments by ATACs
on a case-basis; (6) formal reviews of all curriculum on a periodic basis; (7) operational audits of
examinations and supporting kits and supplies at least bi-annually; and (8) statistical analyses of
results. In addition to these requirements, SpaceTEC has imposed its own reporting on
deliverables status using a custom-designed web-based relational database that allows for real
time input by each participating institution and produces customized reports on demand.
The results of evaluations listed in (1) (2) and (3) are contained in formal written reports that are
available on request and are not duplicated here. However, one of the most important elements
of evaluation for SpaceTEC is the input from its national advisory committee (Item 2). This
group meets semi-annually, with one face-to-face meeting at a SpaceTEC partner college site
and a second meeting by telecom. The NATAC assures suitability of the examination process
and consistency of its application on a national level, providing a strong element of construct
validity. An example of their assessment of SpaceTEC actions to provide the highest possible
levels of operational validity is shown in the following excerpt from their meeting minutes:
“Chairman Marshall Heard provided a summary of his assessment of the program,
indicating that SpaceTEC had met and exceeded every goal and that he was extremely
pleased with the progress of all elements of the program. He noted that the progress
over the past three years has been incredible; that several models had been assessed
and none matched the SpaceTEC approach because almost all other certification
systems had no hands-on assessments at all. He also noted that SpaceTEC had adopted
the perfect blend of book learning and practical experience, and that separating the
core and specialty areas of the curriculum was absolutely the correct approach. The
baseline test will permit SpaceTEC staff to refine the system prior to national roll out,
and a refresher manual and preparatory course for those preparing to take the exam
were logical next steps. He also stated that SpaceTEC had made steady progress,
never waiting too long to proceed but taking the issues one at a time as they required
resolution. The website is an outstanding resource, and the kit provided in support of
the practical examination is very impressive. In short, what’s been done has been as
good as anything provided by anyone in this arena, and the NATAC is pleased to be a
part of the program.”15
The surveys for item (4) are captured by the NSF and made available through their offices by
direct request; SpaceTEC has consistently ranked among the top performers. Items (5) and (6)
are managed by the individual partner colleges and made available to SpaceTEC staff for review
upon request. Items (7) and (8) produce reports that are maintained at SpaceTEC HQ. The
statistical results from the baseline examination for item (8) are included in the Baseline
Examination Process section of this report.

15

Marshall Heard. Statement of the NATAC Chairman,. Minutes, Lompoc, CA, September 2004.
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To provide a record of the methods used to determine content validity, examples have been
documented of key elements of the evaluation process as it has been implemented during the first
three years of the program. The data are arranged chronologically for clarity and included as
Appendix B. Following is an overview of some of the key events in a schedule of activities for
development of the core certification examination. The timeline was not met completely, but the
sequence of events is illustrative of the kinds of activities and the depth of development
accomplished for this part of the program.










SpaceTEC Evaluation Program Schedule – Core
Core Proficiency Codes and Skill Standards Completed – 1/15/04
Core job knowledge data base of questions –ETC 3/31/04
SpaceTEC Evaluator (STE) selection criteria and training course complete – 2/29/04
STE Selection/identification process initiated 3/2/04 – ETC 3/31/04
Performance test development on schedule –STEs will complete in training
Complete STE Kit composition and purchase for distribution – 3/16/04
Conduct core test evaluation and field verification – 4/15/04 to 5/15/04
Train STEs and distribute STE Kits/test computers – 4/15/04 to 5/15/04
Demonstrate Core Evaluation Program to ATACs and NATAC when complete – 5/15/04

CERTIFICATION EXAMINATION FORMATS AND SUPPORT ELEMENTS
A key goal of the SpaceTEC Center was to establish a national certification process for
aerospace technicians. At the time of program inception, no nationally recognized certification
existed for aerospace technicians. Industry and government entities had separate certification
criteria, and individuals required re-credentialing when moving from company to company and,
in many instances, even when transferring within a company. This variation in credentialing
requirements resulted in inefficient use of resources, duplication of efforts, and a complete lack
of consistency for career development activities. In addition to the need for consistency, there
are a number of justifications for establishing a standardized national aerospace technician
certification:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Provides an objective performance ability index for the individual and company
Rewards individual initiative
Encourages skills development beyond current job
Identifies and strengthens professional work ethics and attitude
“Professionalizes” the technical career
Strengthens industry-based performance standards
Reduces/eliminates the need for regulatory oversight
Improves worker transportability and workforce qualifications
Provides pathways for a “Legacy of Excellence” in career development

Based on a review of existing national certifications, it was determined that a three-part
certification examination would be most appropriate to test and verify an individual’s knowledge
and competency level. The three parts of the certification include a written knowledge-based
exam, an oral exam and a hands-on practical exam. This format is similar to the Federal
Aviation Administration’s (FAA) Airframe and Powerplant Certification, required of all aviation
© SpaceTEC, 2006, All rights reserved
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technicians who work on public passenger aircraft. Where appropriate, elements of the FAA
A&P examination process have been incorporated into the SpaceTEC exams, strengthening the
validity of the SpaceTEC test instrument through adoption of very widely-accepted industry
practices and a thoroughly field-tested examination program that has been used in aviation and
aeronautics throughout the nation and much of the world for the past 50 years.16
The content for the SpaceTEC certification exam was driven by the DACUM results and
corresponding curriculum development.17 The DACUM verified the “core” skill set requirement
regardless of location and further specific skill set requirements for regional or local workforce
needs. The following flow chart depicts this process. The results were reviewed and approved
by aerospace industry representatives serving as subject matter experts in their respective fields.

The SpaceTEC Aerospace Technician Certification Program standardizes and validates the
competencies identified by industry as necessary for an entry-level aerospace technician to
succeed in the workplace. The purpose of the core examination is to provide employers and
cooperating educational institutions with verification that the holder of the certificate has met the
minimum core level knowledge and skills for aerospace technical jobs or is prepared to continue
to advanced aerospace studies.
16
17

FAA Airframe and Powerplant Certification; www.faa.gov; and United States Air Force, www.au.af.mil/au/ccaf/.
Center On Education And Training For Employment, The Ohio State University, www.dacumohiostate.com.
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The SpaceTEC certification program was designed to incorporate the elements of job knowledge
and hands-on performance skills from the outset.
It required the development and
documentation of a national infrastructure to support standardized testing nationwide. Critical
elements in the development of the certification program and its national infrastructure included:
1. Development of an internet-based proctored written exam including facility and proctor
minimum requirements.
2. Development of a procedure to uniformly identify, select, train and compensate SpaceTEC
Examiners (STE’s) to administer the oral and practical elements of the exam.
3. Development of standardized performance-based test kits including the mechanisms for the
replenishment of kit consumables and bi-annual audits.
4. Development of standardized procedures, inventory checklists, manuals, and audits for test
site locations, proctors and STE’s.
Qualified individuals must pass the core student performance standards and proficiency levels
during their knowledge and skills competency tests. Every standard may not be tested on each
exam, but each exam will contain questions from each subject area. The “core” of the Certified
Aerospace Technician exam consists of the following sections: Introduction to Aerospace,
Aerospace Safety, Basic Electricity, Applied Mechanics, Materials & Processes, and Tests &
Measurements.
The examination parameters of the three test elements are:
• Written Exam: 70 questions randomly pulled from a test bank of 415 questions (can
define how many questions are pulled from each specific subject area)
• Oral Exam: 18 questions selected by STE (based in part on applicant’s written results)
from a test bank of 88 questions.
• Practical Exam: 10 tasks selected by STE (based in part on applicant’s written results)
from a test bank of 48 tasks.
The successful applicant must have achieved a minimum score of 70% on the written, oral and
practical examinations. Prior to taking the oral and practical exam, the applicant must first pass
the written portion of the examination.
The written exam is a timed test with a maximum of 90 minutes allocated. The written exam is a
secure Internet-based exam requiring qualified proctors. SpaceTEC has contracted with RWD
Technologies to produce and service the examination as a high-stakes test with tight security, a
formal system for maintaining test configuration with complete tracking of all modifications, and
an archiving system with backup protection to safeguard student transcripts. RWD Technologies
is a worldwide business solutions company with numerous Fortune 500 companies as clients.
Among their clients for similar testing are the Cisco certification examinations and AutoDesk;
both major international companies with impeccable credentialing systems.
The oral and practical elements of the exam are administered by trained SpaceTEC Examiners
(STEs). These examiners must meet minimum educational and work experience requirements
and are selectively chosen. Upon successful completion (70%) in both the oral and practical
sections the applicant will be awarded the SpaceTEC Certified Aerospace Technician Certificate.
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The questions in the certification exam include tasks such as reading scales, tools and measuring
devices and measuring the tolerance(s) on horizontal and vertical surfaces using millimeters,
centimeters, feet and inches; including metric-to-standard conversions and interpolations. In the
areas of math, science and electricity, for example, questions involve concepts such as ratio,
proportion and percentages; determining volume, weight, area, and circumference; perimeter
measurements for various geometric shapes; electrical circuits; and properties of materials.
As noted earlier, the deployment of this element of the program required establishment of a
complete national infrastructure, including the three-part examination; the proctors and certified
examiners to oversee the exam implementation; and the supporting materials, equipment and
supplies to support standardized approaches at every location. The photograph below shows a
SpaceTEC core kit with the contents for providing complete support of the written, oral, and
practical elements of the examination at any location where trained examiners are available.

17 Trained

STEs in 5 states

BASELINE EXAMINATION PROCESS
In addition to exhaustive industry review and documentation, SpaceTEC initiated additional
precautions to ensure reliability of all aspects of the Certified Aerospace Technician Program by
conducting a baseline examination process targeting a population of more than 200 individuals
located in five states across the nation. The initial phase of the baseline for which statistical
analyses were performed took place between December 1, 2004 and May 30, 2005.
During this time, over 240 individuals took the written element of the examination. Because the
program has been active for only three years, the majority of test candidates were incumbent
technicians from contractor operations with between 5 and 15 years expertise working in the
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industry. Aerospace program graduates and a few NASA and Air Force technicians were
included when they were available. Although they work as aerospace technicians, many of the
individuals who participated in the baseline did not prepare beforehand and as a result, only 32%
of participants scored 70% or greater. This is attributed to several factors known in advance and
confirmed by this examination process: (1) Incumbent employees are narrowly trained and work
in very specific areas of expertise (e.g., electrical or mechanical) with no experience in the
broader aspects of systems thinking. (2) Many incumbent workers have had little or no update
training. (3) Most incumbent workers are not familiar with computer testing techniques, having
not been required to use computer generated random testing in the workplace. (4) Recent
graduates do better in written examinations but not as well in hands-on performance due to lack
of experience. All of these findings are consistent with the validity measures established during
development of the competencies, curriculum, questions, and exercises feeding into the
certification examination.
The testing for the oral and practical examinations in the baseline period was limited to those
who first passed the written examination. Results show almost 100% pass rates for these
candidates, confirming that the performance portion of the test is suited to the working
population for which it was designed (content and construct validity).

STATISTICAL RELIABILITY
As a part of the baseline activity, 50 Lockheed Martin technicians agreed to take the examination
twice in one day with only a few minutes and no study or collaboration between attempts. This
activity provided the data for statistical analysis of reliability as follows. An independent
statistician was hired to evaluate the data and make conclusions and recommendations. His
findings are as follows:
Methodology
Test-Retest was employed on 50 individuals for the purpose of assessing the reliability and
stability of the test randomization mechanism, the most significant component of the testing
process. Correlation and regression analysis performed indicated a high level of reliability.
Item analysis based on 212 administrations of the baseline version of the test was performed on
each one of the test bank items. (>400). Each item had been used between 20 to 50 times based
on the current structure of a 70-item test randomly selected from particular subsets of the test
bank. Random selection from subtests was designed to insure coverage of all competencies. The
binomial distribution was used to detect results that turned out to be significantly worse than
what would have been expected under a pure guessing strategy. Such analysis led to the
identification of 26 items that merited further review regarding the content, intent, and wording.
Consistency of performance in such items against other items of the same subtest was also
checked. Content experts and authors of test items were invited to examine identified items and
possible revision strategies were considered. The overall scope of possible revisions was small
enough (less than 7%) so that the integrity of the test instrument to perform as originally planned
should not be questioned. With content and wording improvements, it is expected that reliability
of the test would go higher. As a result, the newly revised test bank can be used in the production
phase of the project.
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A survey instrument containing 8 items was used to gauge test takers’ perceptions about the
written test. Test takers’ expectations as well as identifications of areas of difficulties were found
to be consistent with actual results. In particular, it may be important to note the lack of
preparation for the test as an explanation for the overall low mean score on the written test.
These results confirm good face and content validity as indicated by test takers.
Baseline Results
Correlation and regression analyses were used in the context of establishing the reliability of the
new SpaceTEC test. Reliability was measured in terms of the stability of the test instrument to
provide similar results when different forms of it were used. Since test items are randomly
generated from a test bank, multiple administrations of the test to the same individuals were used
in a situation where little or no new learning could practically take place between testing
sessions.
The findings relate to the reliability of the SpaceTEC test administered between December 2004
and May 2005. In this Baseline Test phase, each of the 50 individuals whose scores were
examined took the test twice in the same day without intervention. The correlation between the
two sets of scores was 0.923, and the mean and standard deviation of the absolute differences
between administrations were 0.05 and 0.0355 respectively. These results suggest that the
randomization process will not become a significant issue in that individuals will be likely to get
similar results (plus or minus a few percentage points) on any test form generated.
The passing grade on this test was set at 70%. Fluctuations on the test results would cause some
individuals to move from a status of passing to a status of failing the test. In the sample of 50
individuals repeating the test, such a scenario was found in the case of 13 individuals (26%).
Because the low mean score on the test (66% for the high scores of the test-retest group) is
mainly attributable to the lack of preparation and the fact the test did not occur following the
training program, it is anticipated that the mean score of those students completing the training
program would be significantly higher. Such a situation should significantly reduce the rate of
those who may shift from passing to failing status as a result of the randomization process.
Regression analysis on the test-retest data resulted in a regression line used to predict the high
score when the low score is given: y=.908x+.104. In practice, this regression line for such a
range of values is not significantly different from the desired equation y=x.
Statistical Conclusions
Based on the high level of test-retest reliability, the use of item analysis leading to an improved
test bank, and student response to the test, the administration of the project should feel
comfortable in moving from the baseline phase to the production phase as soon as practical.

FOLLOW ON ACTIVITIES
At completion of the main baseline testing phase in May 2005 and in response to participant
suggestions and comments, SpaceTEC developed and administered a 16-hour “readiness” course
covering the six exam topics (Introduction to Aerospace, Aerospace Safety, Applied Mechanics,
Basic Electricity, Materials and Processes, and Tests and Measurements). The 16-hour refresher
course was offered to individuals who did not initially pass the written exam and was taught in
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three and four hour blocks during several weekday evenings or on two consecutive weekends.
Individuals who took the readiness course were then given the opportunity to retake the exam
and achieved a pass rate of approximately 80%. This improvement was judged sufficiently
significant to proceed with final changes and formal release of the examination for use. Those
who passed the written were also offered the opportunity to take the oral and practical elements
of the exam, and those who passed all three elements were awarded the SpaceTEC certification.

RESULTS AND CONCLUSIONS
Conducting a baseline certification examination served several beneficial purposes.
1) The baseline generated data from which we tested user friendliness and customer service
support of the RWD computer-based written element of the exam.
2) The baseline provided data for statistical analyses for validity and reliability.
3) The baseline permitted evaluation of the effects of question randomization by utilizing 50
test participants from a single company and location who took the exam, took a short
break without any intervention or opportunity to study test materials, and re-took the
exam a second time. An average difference between the two test scores of less than 3%
indicates a satisfactory degree of consistency between the randomly pulled individual
test questions.
4) The baseline allowed participants to provide feedback about any aspect of the exam they
felt unfair, inappropriate, or confusing. Narrative data was gathered in addition to
statistical information via individual item analysis to test for bias, ambiguity, and gross
error based on input from incumbent workers.
5) The baseline provided an opportunity for proctors and STE’s to gain experience in
administering the exam in “live” form.
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6) The baseline provided the opportunity to refine the administration of the oral and
practical elements of the exam including STE kit contents and test room or laboratory
requirements.
7) Certificates for those who successfully passed all three parts of the baseline examination
were provided to the 79 individuals. These have already become highly coveted by the
workforce. There is now a waiting list for the follow-on testing, and plans are
underway to expand the sites available for SpaceTEC testing during the current year.
Following completion of the baseline, the analysis of results has been completed and the changes
required to address all identified shortcomings have
been reviewed and incorporated into the final posting of
the examination. SpaceTEC formally published the
examination for national dissemination on March 1,
2006. SpaceTEC examiners have been scheduled for
upgrade training, revised documentation has been
printed and distributed, test kits have been augmented
and the cut score for the knowledge exam has been set
at 67%. The period for which the certification will be
valid has been set at three years, and SpaceTEC is
preparing to deploy its core examination nationwide.
Phase 2 of this project is now using similar processes to
develop and validate concentration examinations for
vehicle processing and aerospace manufacturing.
Additional concentrations will be added during the
coming year, and there is every indication that these,
along with the core examination, will become the
nation’s standard for entry-level aerospace technicians.
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APPENDIX A: CORE TOPICS AND SUB-CATEGORIES
Introduction to Aerospace
Regulations & Controls
Clean Room, Contamination & FOD
Ethics
Quality Assurance and Quality Control
Aerospace Safety
Toxic & Hazardous Substances
Personal Protection Equipment
Hazardous Materials
Emergency Plans & Fire Prevention
Platforms
Occupational Health & Environmental
Material Handling and Storage
Walking Surfaces
Applied Mechanics
Machine Shop Safety
Non-Cutting Hand Tools
Cutting Hand Tools
Drill Presses, Twist Drills, Drilling Speeds & Feeds, Drilling Holes
Basic Measurement
Basic Calculations (Metric to Standard, Ratios, Volume, Area, Dimensions)
Micrometers
Calipers
Hardware & Materials Identification
Blueprint Reading and Interpretation
Interpret Technical Drawings and Schematics
Materials and Processes
Metallurgy
Metallurgical Processes
Mechanical Behavior
Conventional Mechanical Testing
Corrosion
Corrosion Forms, Causes, Prevention
Corrosion Control
Non-Metallic Materials
Composite Materials
Structural Characteristics
Solid Core Structures, Molds, Moldless Wet Lay-up Techniques
Hollow Structures and Mold Making
Vacuum Bagging
Basic Electricity
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Electric Safety
Metric Notation
Atomic Structure
Resistors
Switches
Schematic Reading
AC/DC Circuits
Theory
Laws
Tests and Measurements
Inspection Requirements and Planning
Accuracy, Precision and Tolerances
Mechanical Measuring Inspection
Mechanical Surface Plate Inspection
Electrical/Electronic Measurements
Pressure/Flow/Temperature Measurement
Force/Strain/Torque/Vibration Measurement
Non-Destructive Examination
Surface Flaw Inspection
Delamination Inspection
Electromagnetic Techniques
Radiographic Techniques
-end-
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APPENDIX B: A TIMELINE OF SPACETEC EVALUATIVE ACTIVITIES
In January 2003, SpaceTEC hosted its first National Visiting Committee (NVC) meeting to
review progress of its initial year of operation. As part of the national infrastructure, this group
plays a key role in normative and summative evaluation, including formal reports by internal and
external evaluators for the project. NSF approves the membership of the NVC and receives their
report directly for program assessment and evaluation.
During the first NVC meeting, participants discussed openly the virtues of a national curriculum
vs. the delivery of diversified technical training programs. A true consensus evolved on a
national technician training program that all schools could actively support. There was
agreement on a standardized national core and specific concentrations to support local workforce
skills for aerospace and other applied technologies. This approach resulted in a broader, more
pragmatic interpretation of the goals of the program, providing a unifying element for the
national infrastructure.
Following the NVC meeting each partner school conducted a local technical training needs
survey and reported the results at the April 10, 2003 conference at Prince George’s Community
College. At this conference, subcommittees were established with partners volunteering to serve
based on interests and expertise, and the project deliverables matrix was revised and distributed.
Individual assignments are shown below.
S U B - C O M M IT T E E S
In d u st ry S u p p o rt

C h a ir:

A l K o lle r

S paceT E C ® , N A T A C

C o m m it t e e :

D a v e B r o t e m a r k le
M a rs h H e a r d (N A T A C )

D a t a b a se a n d W e b sit e

C o - C h a irs

A r d is N e ils e n , J a n e t M a r t in

A lla n H a n c o c k , C a lh o u n

C o m m it t e e :

J im S w in d e ll

F a c u lt y /T e a c h e r D e v e lo p m e n t

C h a ir:

P a t C u n n if f

P r in c e G e o r g e , S a n Ja c in t o , P e a r l R iv e r

C o m m it t e e :

M a r ie D a lt o n , B e t h B u rc h e ll

C u r ric u lu m /A ss e s sm e n t S t a n d a rd s

C h a ir:

D a v e B r o t e m a r k le

S p a c e T E C ® , C u ya h o g a , C a lh o u n , C C A F S ,
P a lm B e a c h

C o m m it t e e :

C r a ig M c A t e e , J im S w in d e ll
R a y P e r r y, T o m S t e ffe n

K -1 2 P ro g ra m D e liv e r y C o o rd in a tio n

C h a ir:

B e t h B u rc h e ll

P e a r l R iv e r , S a n Ja c in t o , P a lm B e a c h ,
C a lh o u n , A lla n H a n c o c k

C o m m it t e e :

M a r ie D a lt o n , T o m S t e ffe n
B ill T e p p e r , A r d is N e ilse n

S t u d e n t D e v e lo p m e n t /R e c ru itm e n t

C h a ir:

G e o r g e S t ro h m

B re v a r d , P a lm B e a c h , C a lh o u n

C o m m it t e e :

T o m S t e ffe n , B ill T e p p e r

M a rk e tin g

C o - C h a irs:

J im S w in d e ll, Ja n e t M a rt in

C a lh o u n , A ll

C o m m it t e e :

D e s ig n a t e d p a rt n e r
m a r k e t in g r e p r e se n t a t iv e s

T e c h n ic ia n P ro fe ssio n a l D e v e lo p m e n t

C h a ir:

A l K o lle r

S paceT E C ®

C o m m it t e e :

D a v e B r o t e m a r k le , Ju a n it a
C u r t is
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At the June 11, 2003 SpaceTEC teleconference all partners agreed future references to training
would be expressed as student skill standards rather than course titles. An inventory of the
national core curriculum skill standards first distributed in December 2002 was reintroduced as
the guide for program audit and standardization.
During the July 9, 2003 SpaceTEC teleconference the agenda and activities for the SpaceTEC
Conference and initial National Aerospace Technology Advisory Committee (NATAC) meeting
to be held in August 2003 at Cuyahoga Community College were finalized. The first formal
meeting with the American Technical Educators Association (ATEA) representatives was also
scheduled to meet at the conference.
At the Cuyahoga conference (8/2003), the NATAC was briefed on the SpaceTEC Project. A
specific briefing was given on the National Certification Program development process including
the core student skill standards, proficiency codes and sample certification kits. The desired
national infrastructure was discussed and Allan Hancock representatives demonstrated the
SpaceTEC database.
During the September 10, 2003 SpaceTEC teleconference, fall activities, schedules and
responsibilities were discussed and acknowledged. Partner schools reported on their SpaceTEC
related curricula and enrollment data.
The October 8, 2003 SpaceTEC teleconference was devoted to discussions of the core student
skill standards and coordination began on the formal approval process of the skill standards,
proficiency codes, and the core certification question data base. Concerns of legality, authority
and license to produce a national certification were discussed. Concerns were overcome by
documented support from National Science Foundation in the form of project approval and
funding, and endorsement by the National Skills Standards Board, Federal Aviation
Administration, the American Technical Education Association, and the National Aerospace
Technology Advisory Committee.
In November 2003 proficiency code commitment forms were completed by all partners and
discussed during multiple day SpaceTEC teleconferences. There was extensive (ten hour)
telephone conference coordination on the core student skill standards wording and assigned
proficiency codes. Final partner agreement to proceed was achieved January 14, 2004.
At the February 2004 National Visiting Committee (NVC)/Co-PI Meeting, all partner schools
participated in the briefing at NVC request. Each school emphasized their activities reflected in
the comprehensive SpaceTEC Year 2 report sent to each committee member prior to the
meeting. Much of the report was pictorial to show partner training and facilities.
During the Co-PI conference conducted concurrently with the NVC meeting, the SpaceTEC
Evaluation Program and scheduled events were discussed. The evaluation program had been
distributed in written form but discussion of details facilitated partner participation and
scheduling. Updates and revisions were discussed during monthly SpaceTEC telephone
conferences in March, April and May 2004.
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Several significant managerial changes were made to keep the evaluation program on schedule.
The budget for testing kits had been dispersed. It quickly became evident that central
procurement would be quicker and ensure identical kits. A budget change was coordinated and
approved whereby SpaceTEC purchased and distributed the kits.
When the core question database was due to be loaded in the NIDA computers unexpected
security problems were encountered. The most expeditious way to correct this problem was to
change the computer test host company from NIDA to RWD Technologies. The test question
bank was loaded quickly and available for partner review.
Antelope Valley College hosted a Composites Faculty Workshop June 30. 2004. STE training
was conducted in conjunction with this meeting in California. This followed multiple STE
training courses in Florida. STE training was completed in August 2004. Evaluation kits were
distributed to partner schools with trained STEs in June, July and August 2004.
In the August 11, 2004 SpaceTEC teleconference the partner schools reported STEs trained,
evaluation kits in place and SpaceTEC reported the Core job knowledge test bank loaded and
ready at RWD Technologies and the distribution of performance evaluation test book.
The NATAC members and National Visiting Committee members were invited to the September
22 ATAC meeting at Kennedy Space Center or the NATAC/C0-PI meeting September 28, 2004
at Allan Hancock College. The national certification program examination development and
deployment process was explained. The SpaceTEC job knowledge certification web site was
demonstrated and a demonstration of oral testing and performance examinations were presented.
A five state baseline core testing program was outlined.

-end-
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