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Executive Summary

This paper addresses potential measures of military readiness and approaches for validating predictive inferences from the 12th grade NAEP to report on the readiness of high school seniors for entrance into the military services.  Topics in the paper relate to a call for action early in 2003 by the National Commission on NAEP 12th Grade Assessment and Reporting.  From a review of the purpose, strengths, and weaknesses of the 12th grade assessment, the Commission concluded that major revisions were needed.  The 12th grade NAEP should be redesigned to address more fully the nation’s and states’ needs for information about student achievement.  Further, NAEP should be changed to report on student readiness for college, training for employment, and entrance into the military. 

Each year about 400,000 of the nation’s high school graduates will apply for entry in the U. S. Armed Services.  In a typical year between 170,000 and 200,000 of the applicants will be enlisted in the Army, Navy, Air Force, Coast Guard or Marine Corps.  To qualify for military entrance, the recruits will have taken the Armed Services Vocational Aptitude Battery (ASVAB) and achieved qualifying scores not only for entrance into the military but also for assignment to a military occupation with an existing job vacancy that the service is attempting to fill.  After in-processing and successful completion of basic training, most recruits will be sent to formal technical training schools for instruction on work to be performed in their occupations.  The curricula in military training schools are similar to those found in post-secondary vocational and technical schools in the civilian community.  Recruits who complete the program of technical training proceed to an operational unit.  There, they perform assigned duties in their occupational specialty for the duration of their enlistment contract.  Initial enlistment contracts with recruits may be for 2, 3, or 4 years of service.

One purpose of this paper was to identify potential indicators of readiness for military service.  Reliable measures of propensity for success in the military were defined from enlistment testing through technical training to an operational assignment and on to the end of the first tour of duty.  These measures included achieving requisite ASVAB scores for enlistment and military occupations; attaining passing grades in technical training; achieving skill upgrades and promotions at an acceptable pace in operational units; and, successfully completing initial enlistment contracts (without premature discharge for unsuitability reasons).  

Drawing inferences from achievement scores on the 12th grade NAEP to “readiness for military service” requires empirical linkages between the reading, mathematics, science, and writing assessments and measures of propensity to succeed in the military.  Longitudinal, concurrent, and synthetic validation designs offer alternate approaches for studying the predictive efficiency of NAEP assessments.  

The most comprehensive and systematic approach is a longitudinal validation study of 12th grade NAEP test takers who subsequently apply for and enter military service.  The study would explore the nature and strength of relationships between NAEP and multiple measures of military success through completion of the first term of service.  A longitudinal study would take 3 to 5 years to complete.

Less time-consuming validation studies are possible using concurrent validation designs.   These study options forego the standard protocol of administering the NAEP to 12th graders between January and March of their senior year.  Instead, the NAEP would be administered concurrently with collection of military performance measures.  Four strategies were designed in which NAEP administration occurs either later or earlier than usual at alternate testing locations:  (1) ASVAB enlistment testing sites, (2) basic recruit training centers, (3) military technical training schools, or (4) high schools in conjunction with ASVAB testing in the Defense Department’s Career Exploration Program.  Advantages and limitations of the concurrent validation studies for establishing linkages between NAEP and military readiness are described.  

The methodology employed in synthetic validation studies involves capturing the judgments of subject matter experts on military readiness. The experts are systematically queried about how NAEP tests and questions relate to indicators of military success.  Formal procedures for eliciting and analyzing expert judgments allow validity inferences about the NAEP to be derived synthetically from a panel of experts.  

The Department of Defense testing program, military enlistment and job assignment procedures, and military training programs provide a context for research on whether valid performance statements about military readiness can be developed for the 12th grade NAEP.  Several potential measures of military readiness are available as validation criteria.  The ASVAB itself is one of the most promising. Valid linkages between the ASVAB and NAEP would support the development of performance statements for high school seniors about their probable eligibility for enlistment and qualification in different military occupations.  With the cooperation and support of the Department of Defense, alternate validation strategies differing in terms of data collection requirements, analytic methods, and completion times could be pursued to establish empirical and defensible bases for linking 12th grade NAEP to likelihood of success in the military.

Twelfth Grade NAEP and Readiness for Entrance into the Military:

Validity Issues and Methodological Options

By

William E. Alley

Introduction

The National Assessment of Educational Progress (NAEP) provides the only comprehensive assessment of student achievement in the nation’s elementary and secondary educational systems.  Since 1969, NAEP has measured student’s achievement in numerous subjects including reading, mathematics, science, writing, history, and the arts.  Among the recent assessments were studies in 2003 of student’s performance in mathematics at grades 4 and 8 at both the state and national levels.  Historically, the assessments have focused on educational achievement in elementary schools, although periodic assessments of 12th graders in the nation’s high schools have also been undertaken.

Early in 2003, the 12th grade NAEP became the focus of increased attention (U. S. Department of Education, 2004).  The National Assessment Governing Board (NAGB) established the National Commission on NAEP 12th Grade Assessment and Reporting.  The Commission addressed improvements needed for the 12th Grade NAEP and concluded that the assessment needed to be redesigned.  A significant recommendation was that the redesigned assessment should facilitate reporting on the readiness of 12th graders for college, training for employment, and entrance into the military.  Linking NAEP results to readiness performance standards represented a substantive extension in terms of test utility.  Previously, the goal was more narrowly focused on evaluating the status of secondary education and the adequacy of high school curricula.

The Commission recognized that providing information about the readiness of 12th graders for post-secondary education and the world of work was a new vision for the 12th grade NAEP and would require attendant revisions to the test structure, content, performance standards, and reporting procedures.  As part of the NAGB approach to determining how to implement the Commission’s recommendations and how best to approach the redesign of NAEP, information is being gathered on potential definitions of readiness for college and for employment in the private and military sectors, as well as on methodologies to validate the redesigned NAEP for those purposes.  Several relevant documents have already been published.

The current paper draws in particular on earlier work by W. S. Sellman (2004) on military enlistment qualifications and on Andrew Porter’s (2004) discussion of college readiness issues.  Topics addressed in this paper are potential measures of military readiness that assess recruit performance both pre- and post-enlistment and approaches for validating predictive inferences from NAEP results to report on the readiness of 12th grade students for entrance into the military.  Alternate validation designs are described including longitudinal, concurrent, and synthetic approaches.  

Background

According to the National Center for Education Statistics, there are projected to be 3 million high school graduates in 2005, of which about 65% will go to U.S. colleges and universities immediately after graduation (U.S. Department of Education, 2003, 2004).  About a fourth of the graduates will seek direct employment in the public and private sectors, where many positions require lead-in vocational and technical training as a prerequisite for entry.  Another 10 percent of the nation’s high school graduates will seek entry into the U.S. Armed Services.  For those seeking careers in the U.S. military, there are basically two career paths, one for commissioned officers and the other for enlisted personnel.  Enlisted personnel can enter directly from high school, but military officers must have completed an accredited 4-year baccalaureate degree prior to entry.

Military officers are commissioned through three types of programs.  Students attending a civilian university can enter the officer ranks through the Reserve Officer Training Corps (ROTC).  Today, more than 600 colleges throughout the country have ROTC programs, which offer military training in addition to a regular college curriculum (Thirtle, 2001).  Service academies are a second commissioning source.  The Army, Navy, Coast Guard, and Air Force have academies dedicated to training military officers in accredited 4-year undergraduate education programs. Finally, there are Officer Candidate/Officer Training Schools.  These training programs are 10 to 16 weeks in duration and are specially designed for individuals who have already completed college and are interested in a career as a military officer.  Given the 4-year degree requirement for commissioned officers, the focus of the present paper will be on the readiness of 12th graders for entry directly into the enlisted components of the military services. High school graduates pursuing a career as a military officer are best addressed by considering their readiness for college (see Porter, 2004), that is, for the intervening 4-year baccalaureate program that must precede commissioning.
Not all high school graduates applying for enlisted positions in the military services will actually enlist.  In a typical year between 170,000 and 200,000 graduates will be accepted into the U. S. Army, Navy, Air Force, Coast Guard, or Marine Corps.  To qualify for military entrance, prospective recruits must meet physical, medical and moral standards.  In addition, they must take the Armed Services Vocational Aptitude Battery (ASVAB) and achieve qualifying scores (a) for entrance into the military, and (b) for acceptance into one of the military occupational categories, each with service-specific entry qualifications. The ASVAB is a multi-aptitude battery administered as a paper and pencil test or in computer adaptive mode. All services derive a test composite from the ASVAB called the Armed Forces Qualification Test (AFQT) for basic qualification purposes. Each of the services then uses separate score composites based on different combinations of the ASVAB subtests to determine specific occupational qualifications. 

Overview of Assessments

The 12th grade NAEP presently covers Mathematics, Reading and Writing, each of which is prepared from a content analysis of what subject matter experts determine to be the core curriculum in the subject area.  The Mathematics test of 2005 for example was designed on the basis of four content areas: Number Properties and Operations, Geometry and Measurement, Data Analysis and Probability, and Algebra.  Within each content area there were multiple levels of item complexity with the items at the low end requiring performance of simple procedures, understanding elementary concepts or solving simple problems.  Items at the high end required reasoning about sophisticated concepts, performance of complex procedures or solving novel problems.  Similar content frameworks were used to guide preparation of the Reading and Writing content domains in the assessment.

The Science content area of the NAEP assessment, while constructed along parallel lines with the Mathematics, Reading and Writing assessments, is presently administered 12th grade level only periodically as directed by the National Assessment Governing Board.  The Science framework is organized according to two major dimensions: Fields of Science with three content domains, Earth, Physical, and Life Sciences, and Knowing and Doing Science organized under the headings Conceptual Understanding, Scientific Investigation, and Practical Reasoning.   

Since there is a 50-minute testing time limit for students taking the NAEP, each content domain is split into multiple sets of equivalent blocks of questions.  Students take some but not all blocks representing a content area.  The results of the overall assessment are statistically manipulated so proficiency in each of the content areas can be judged on the basis of individual student performance on only part of the assessment.  Since the emphasis is not on individual student performance, the performance of the group as a whole can be assessed as if all students were administered the same items.   

In contrast, the ASVAB is focused on individual assessment. Scores on the test determine eligibility to enter military service as described by Sellman (2004).  There are presently 9 subtests on the ASVAB as shown in Table 1.  Sellman grouped them into three categories, Verbal, Mathematics, and Science/Technical to show possible parallels in content between NAEP and the ASVAB.

As with NAEP, ASVAB items are prepared to a formal structure that stipulates content domains and process factors within the subtests and how many items of varying difficulty will be included in each of the specified categories.  This is done to assure that new tests achieve maximum differentiation between people being tested and are statistically parallel to previous forms (Nicewander & Quenett, 2000).  The requirement to differentiate represents one of the fundamental differences between the two assessments.  The NAEP is an achievement test designed to characterize the performance of 12th graders in specific blocks of instructional content.  Items are written to cover the entire content domain of an instructional program, nominally in grades 9-12 in the U.S. secondary educational system. The objective is that the content of the assessment be guided by what is presented in the curriculum and so as to be relatively independent of how people are expected to score.  In the unlikely circumstance that all 12th graders taking the test scored at the Advanced level, U.S. educators and the NAEP test developers might be pleased with the outcome.  All students would have achieved the highest level of expected performance with no students having fallen behind.  The same test results for the ASVAB would be undesirable.  The ASVAB in an aptitude test designed to provide the maximum spread of scores from high to low so that the military services can select from among the best qualified candidates.  If everyone achieves a high score, thereby creating a “ceiling” effect, judgments between candidates would be severely compromised.  For the ASVAB, items within a content domain are written to maximize individual differences in test scores, regardless of whether the content domain is represented in a complete and comprehensive manner.  The main objectives in developing ASVAB subtests are to differentiate high from low performers and to maintain equivalency between forms so that appropriate entry standards can be maintained over time.

Table 1.  ASVAB Subtests and Content

	SUBTEST
	CONTENT

	Verbal

Word Knowledge (WK)

Paragraph Comprehension (PC)
	Synonyms and best meaning of words in context.

Questions about information in written passages.

	
	

	Mathematics

Arithmetic Reasoning (AR)

Mathematics Knowledge (MK)
	Arithmetic word problems.

High school mathematics principles.

	
	

	Science/Technical

General Science (GS)

Electronics Information (EI)

Auto and Shop Information (AS)

Mechanical Comprehension (MC)

Assembling Objects (AO)


	Physical and biological sciences.

Electricity and electronics.

Automobile, tool, and shop terminology and practices.

Mechanical and physical principles.

Visualization of objects assembled from constituent parts. (Currently administered only in the computer version of the battery.) 




Another difference between the two tests is that the NAEP focuses on past knowledge acquisition, the issue of “what has been learned” while the ASVAB is concerned with later propensities to acquire learning or “what might be learned in the future.”  The surface similarities between the assessments result from use of test items in similar content domains.  The military is concerned with mathematics knowledge because it is an indicator of how well the test taker has benefited from past instruction in mathematics and would likely do so in the future.  There is less concern about whether the mathematics items cover the entire domain of instruction.  The same is true for verbal knowledge and general science.  This difference in testing approach is illustrated by the Assembling Objects subtest, which is not part of most traditional high school curricula.  The evidence collected on this test suggests that it measures spatial visualization abilities that may be important for success in some military specialties. The other subtests in the ASVAB have obvious relationships with high school vocational and technical programs, but again only to measure future propensities for success in corresponding military training programs, not for a comprehensive assessment of past learning.     

It remains to be determined whether test takers’ scores on the NAEP will closely approximate their score levels on the ASVAB. Until recently, when changes were made to the subtest composition of the ASVAB, results from analyses of common factors showed that the battery measured four underlying content factors: Verbal, with salient loadings on Word Knowledge and Paragraph Comprehension; Quantitative (mathematics) with loadings on Arithmetic Reasoning and Mathematics Knowledge; Technical Knowledge with loadings on General Science, Auto and Shop Information, Mechanical Comprehension, and Electronics Information; and Perceptual Speed, represented by the Numerical Operations and Coding Speed subtests.  At the time, there were 8 power tests and two speeded tests, Numerical Operations and Coding Speed.  

In recent changes to the battery (Sellman, 2004), the speeded subtests were dropped leaving the Verbal, Quantitative and Technical Knowledge factors relatively unchanged.  One new subtest, Assembling Objects measuring spatial visualization, was added.  There is apparent overlap between the NAEP and the ASVAB content in the Verbal and Quantitative areas but to a lesser extent in Technical Knowledge. The NAEP emphasis on physical, earth and life sciences corresponds well with the ASVAB General Science subtest.  Auto and Shop Information, Mechanical Comprehension and Electronics Information, which have a vocational-technical orientation, are not covered in NAEP.  Further, there is no content overlap between NAEP and ASVAB on the spatial factor.  

Military Occupations

A common misperception is that people joining the military directly out of high school will be engaged principally in a set of well defined combat-related tasks during their tour of active duty.  In fact, only about 12% of military enlistees are assigned to combat-related specialties as shown in Table 2.  (U. S. Department of Defense, 2003)  Typically, the large majority of recruits are assigned to military occupational categories that are best characterized as vocational, technical, and trade career fields that operate in support of the military combat forces.  For example, careers in the military that have a close correspondence to those in the civilian sector are mechanics, electricians, plumbers, telecommunications specialists, hospital technicians, heavy vehicle operators and clerical/administrative support to name only a few.  In order to characterize a high school graduate’s “readiness for the military,” it is necessary to recognize the diverse, highly specialized and to a large degree non-overlapping nature of the military occupational structure.  When ASVAB validation studies are conducted, analysts group similar occupations together and conduct analyses within these categories. The categorization provided in Table 2 shows a variety of occupations available to military recruits.  In actuality, each of the military services has defined more than 100 specialties to which recruits can be assigned.

Table 2.  Military Enlisted Personnel by Broad Occupational Category and Branch of Military Service, June 2003.

	Occupational Group – Enlisted
	Army


	Air

Force
	Coast

Guard
	Marine

Corps
	Navy
	Total, all services

	Administrative occupations
	15,175
	25,674
	1,775
	8,642
	21,225
	72,491

	Combat specialty occupations
	104,876
	253
	745
	33,070
	3,316
	142,260

	Construction occupations
	15,340
	6,261
	
	5,145
	5,397
	32,143

	Table 2, continued.

Electronic and electrical repair

occupations
	14,035


	37,155
	3,530
	16,082
	52,094
	122,896

	Engineering, science, and technical occupations
	63,531
	43,422
	720
	35,237
	41,003
	183,913

	Health care occupations
	26,660
	17,108
	685
	
	23,818
	68,271

	Human resource development occupations
	16,202
	12,715
	
	6,784
	5,510
	41,211

	Machine operator and precision work occupations
	4,528
	7,783
	2,079
	1,710


	23,485
	39,585

	Media and public affairs occupations
	4,552
	5,921


	131


	1,556
	5,255
	17,415

	Protective service occupations
	24,831
	29,516
	893
	6,086
	10,630
	71,956

	Support services occupations
	13,687
	1,535
	1,213
	3,704
	11,570
	31,709

	Transportation and material handling occupations
	54,140
	33,835
	6,423


	23,908
	39,272
	157,578

	Vehicle machinery mechanic occupations
	48,043
	48,433
	5,654
	18,473
	50,266
	170,869

	Total, by service


	405,600
	269,611
	23,848
	160,397
	292,841
	1,152,297


Definitions of Military Readiness

Each of the military services is to some degree unique in the way they are organized and the demands they place on incoming recruits.  There are commonalities however, and these will be the main focus of discussion of how propensity for success in the military might be measured.  The discussion of “military readiness” begins with qualifications for entry as a service member.  High school graduates cannot be ready for military service if they fail to meet standards set by the services for screening applicants.  Thereafter, applicants who qualify and enter service participate in technical training programs which prepare them for life in the military and provide requisite technical skills that will enable them to function in varying capacities as combat troops or in technical support roles.  During this training, military readiness is reflected by their success in passing these courses with an acceptable final school grade. Many do not and depart service during training.  Following training and assignment to operational units, military personnel are expected to acquire skills on the job, advance through promotions systems and satisfactorily complete their contracted terms of service.  Unfortunately, many fail to meet these terms of service, lagging behind expectations for advancement or creating sufficient problems for the service that they must be discharged prematurely prior to their contracted end of service date.  

Entry Qualifications

The multi-stage qualification process begins when an applicant is administered the ASVAB at one of the Military Entrance Processing Stations (MEPS) located throughout the United States. Based on ASVAB test performance as well as physical, medical and moral considerations, an applicant is evaluated simultaneously for general entry into the military services and for specific career field opportunities within the military services, each with their own service unique qualification standards.  

By U.S. statutory limitations, persons scoring below the 10th percentile of the AFQT are precluded from entry into the military services (U.S. Department of Defense, 1993).  Percentile scores on the AFQT are normed on a nationally representative sample of American youth and are grouped into five percentile ranges for administrative purposes:  percentiles 1-9 (Category V); percentiles 10-30 (Category IV); percentiles 31-64 (Category III); percentiles 65-92 (Category II); and percentiles 93-100 (Category I) (Eitelberg, Laurence, Waters, & Perelman, 1984). Those applicants with AFQT scores just above the cutoff (Category IV) are held to a small percentage of the total entrant group, and these numbers are monitored closely by the individual services and the U.S. Congress (Sellman, 2004). 

In addition to achieving requisite scores on the AFQT composite, military applicants must also qualify for entry into specific career fields where the services are seeking to fill vacancies.  Aptitude requirements for entry into these career fields are determined by service policy and are expressed in terms of minimum scores on specialized occupational composites each service derives from the ASVAB.  See Sellman (2004) for a further description of the ASVAB service composites.  The services’ occupational composites draw on different combinations of the nine ASVAB subtests to assess an applicant’s likelihood of success in training programs leading to specific job assignments in the military. As an example, people wanting to be electronics technicians in the Air Force must obtain not only the requisite qualifying score on the AFQT but also achieve a qualifying score on the Air Force Electronics Composite, a weighted combination of the Arithmetic Reasoning, Mathematics Knowledge, Electronics Information, and General Science subtests from the ASVAB.  The Electronics composite has been shown to be a predictor of performance in subsequent training (Ree & Earles, 1992) and job performance (Alley & Teachout, 1995) in electronics specialties.  

Training Performance

A recruit’s first real contact with the military as service members is at the Recruit Training Centers (RTCs).  These centers provide centralized intake and processing of recruits for each of the services.  It is also at the RTCs that recruits undergo basic training programs geared to transitioning people from civilian status to life in the military.  These programs range from 5-16 weeks and emphasize physical conditioning, motivation and attitudinal change.  Although there are academic components associated with basic training, they are not typically the reason that people fail to complete these programs.  Rather it is lack of compatibility with military life, physical limitations or disciplinary reasons. 

Following basic training, recruits are sent to entry-level technical training where the academic emphasis is greater and any lack of progress in meeting the challenges of the curricula lead to poor grades, wash-backs and academic failures.  Each service has a dedicated training command that oversees all formal instruction given to recruits prior to their first field assignments in an operational unit.  Normally it is during this second phase of military training (also called technical training) that predictive relationships with the ASVAB as a military service selection measure are evaluated (Welsh, Trent, Nakasone, Fairbank, Kucinkas, & Sawin, 1990).  The curricula for these schools are similar to those found in post-secondary vocational and technical programs in the civilian community.  Student evaluations of training progress are made on the basis of interim and final course tests of required knowledge and procedural skills needed for functioning at the entry or apprentice levels in the respective specialty areas.  Grades are expressed as numerical values typically ranging from 60 to 100 and represent the average percent achievement levels obtained in course assessments by the student.  The criteria of pass/fail in the courses and final school grade for those passing are used traditionally by the services to validate the ASVAB (Welsh et al., 1990), revise service-specific selection composites and calibrate enlistment standards (Zeidner, Johnson, Scholarios, & Lightfoot, 2000).

Job Performance

After completion of entry-level technical training, incoming military personnel are assigned to operational units.  As military members progress through their initial tour of duty, they are subject to a myriad of evaluations that catalog the extent to which they acquire skills on the job, perform under a variety of operational conditions, relate to peers, supervisors and subordinates, and generally adapt to military life.  Service members are expected to advance through promotion systems and to move to higher levels of technical expertise and responsibility.  Records of individual performance and progress are assembled into automated personnel files to support periodic assessments of promotion potential and needed developmental experiences.  

Among the individual performance measures considered for personnel advancement are skill qualification tests, supervisory ratings of job performance, number of awards and decorations received, and promotion fitness examinations.  Any of these might suffice as indicators of job performance were it not for inherent flaws in the measures that render them unsuitable for a large scale validation effort that spans all the armed services.  Skill qualification tests are developed exclusively within individual specialties and are used for skill upgrading.  Some but not all specialty groups within the services have skill level definitions equivalent to civilian distinctions between helper, apprentice, journeyman and craftsman.  The skill tests are developed in annual cycles where comparability of measurement across years is not a major concern (or even testing cycles within years within the same specialty) so the meaning of the scores becomes problematic (Williamson, 1999; Berkley, Breyer, Leahy, & Petrucci, 2002).  Supervisory appraisals are subject to extreme leniency error.  The reluctance of supervisors to assign unfavorable ratings leads to inflated scores with little variance (Albert, Gott, & Treat, 1988; Albert, Treat, & Gott, 1989).  The use of awards and decorations as a generalized measure of individual performance is not suitable because of the different circumstances and opportunities that underlie this kind of recognition.  The content of what the services call promotion fitness exams is primarily focused on service traditions, ability to recognize rank insignia, current events and similar non-technical knowledge.  

The lack of clear-cut individual performance measures in the armed services was one reason the Office of the Secretary of Defense mounted a large-scale research project during the 1980s to link aptitude measures from the ASVAB to first-term job performance.  The impetus for the project was Congressional interest in recruit quality and how it related not only to training success but to demonstrated job performance in the first term of enlistment.  The Joint-Service Job Performance Measurement/Enlistment Standard (JPM) project was one of the largest coordinated studies of job performance on record (Green, Wing, & Wigdor, 1988; Wigdor & Green, 1991; Rumsey, Walker, & Harris, 1994).  The costs were high, requiring millions of dollars of research investment, the participation of multiple teams of psychometric specialists who designed the job performance measures, military support personnel who set up data collection, and enlisted men and women who supplied the performance data.  Performance criterion measures developed especially for the project included hands-on job performance tests, walk-through performance tests, job simulations, job knowledge tests, and experimental performance ratings from supervisors and peers.  Although the project was ultimately successful in demonstrating predictive relationships between the ASVAB and job performance, the costs would be prohibitively high to duplicate the effort for the proposed NAEP validation.

Measures that might serve as cost-effective surrogates for military readiness in the first enlistment should have the following characteristics:  a) common interpretive meaning across services; b) relevance across extended periods of data collection; and c) availability from the cumulative personnel records maintained for each service member. The services’ promotion records offer one opportunity for generating surrogate performance criteria.  Examples are measures capturing rate of pay grade and skill progression.  Although there are major differences in the specific requirements for promotion in the Army, Navy, Marine Corps, and Air Force, all services’ promotion systems share a tiered structure from pay grade E-1 through pay grade E-9 (Williamson, 1999).  At the lower pay grades advancement is minimally competitive, and enlisted personnel typically need only meet minimum time-in-grade and time-in-service requirements.  In the middle and upper tiers, there are still minimum prescribed time constraints, but promotion opportunities become increasingly competitive and greater variability is observed in the length of time before promotion.  The variance is sufficient for time-to-promotion to serve as a measure of military readiness (Skinner, 1983; Laurence, 1988).  

Another performance indicator available from personnel records is premature attrition from military service.  Initial enlistment contracts with recruits may be 2, 3 or 4 years in length.  If a recruit cannot complete that term of enlistment, it may be indicative of problems that would qualify as a lack of readiness for military service.  Premature terminations fall into a number of different categories, some of which are considered from the services point of view to be for unsuitability reasons and others that do not fall in this category.  Leaving service for reasons of undetected health problems or physical incapacitation should not reflect poorly on a recruit if the problem was beyond their control.  Other categories that would be considered premature attrition for unsuitability reasons are inability to make sufficient progress in training, lack of motivation, disciplinary concerns, or general self-elimination where the recruit requests to be terminated from service and the service agrees that would be the best course of action. 

It is feasible to explore within military services whether well prepared 12th grade students, as reflected by higher scores on the NAEP, have lower premature attrition rates and progress more quickly through military pay grades and skill levels than less well prepared students.  The measures have been used in prior studies in the military (Flyer & Elster, 1983; Finstuen & Alley, 1983; Skinner, 1983; U.S. Department of Defense, 1983; Laurence, 1988; Rosenthal & Laurence, 1988).  Computation of these military readiness indicators requires information on dates of entry and separation from the service, dates of promotion to different pay grades, and dates of skill level award.  The services usually retain this information in personnel records for the service members.  Extracting the information and generating appropriate performance criterion variables would require significant cooperation of data analysts within each of the services but might be feasible to obtain for an effort of sufficient priority. 

Validation Strategies for Relating NAEP to Military Readiness

Longitudinal Approach

The most straightforward approach to extend the interpretive value of the 12th grade NAEP would be to follow-up recent high school graduates who chose to enter the military services and determine how their success correlates with their scores on their prior academic assessment.  This approach is also called a Time 1 – Time 2 validity study because assessments taken at Time 1 are held for a period until the Time 2 assessments are obtained.  Then, the measures at Time 1 are used to estimate performance of the subjects at Time 2.  The Time 1 – Time 2 predictive validity study represents the reference standard against which all alternative approaches are measured.  Current test development guidelines recommend that tests used to make inferences about future educational or work outcomes have those linkages supported by the most direct evidence that it is practical to obtain (Society for Industrial and Organizational Psychology, 2003).  Although different sources of validity evidence are distinguished (i.e., content overlap between the test and tasks in the work setting, construct analyses of test relationships with other measures of interest, synthetic validation with expert judges etc.), it is the work-relatedness issue that is of paramount importance.  In the case of the NAEP and possible inferences in regard to military readiness, the most direct and incontrovertible evidence would be obtained from a longitudinal validity study.  Other alternatives and strategies (including concurrent designs) could only approximate what a longitudinal study would provide.  Moreover, alternatives sources would involve additional assumptions about the nature of the assessments which may or may not be true and would likely necessitate qualifying statements about whatever conclusions are drawn.   

Longitudinal studies can also be very resource intensive to conduct in terms of numbers of subjects required and time to complete.  Using this approach, it is suggested that NAEP results at Time 1 be used to estimate three types of measures at Time 2: a) military entrance qualifications on the ASVAB; b) technical training performance indicators; and c) skill/grade progression and successful completion of the first term of service.

Subjects for the longitudinal study would be 12th grade high school students who were administered the NAEP prior to graduation in Mathematics, Reading, Writing and/or Science and who consent to be part of a longitudinal study.  The preferred design would be to administer each of the four content areas to all subjects.  However, there are practical limitations on student testing time (currently 50 minutes) that may preclude assessment in all four content areas.  In this case, procedures would have to be devised to estimate the correlations among the four content areas and the military criteria.  All four content areas would require approximately 3.5 hours of testing time.

To obtain credible evidence of predictive relationships between student achievement and subsequent success in the military requires fairly robust sample sizes. As a rule of thumb, validity studies with fewer than 100 cases where multiple predictors may be involved seldom yield results that are useful for interpretive purposes.  The services much prefer at least 30 cases per unknown parameter being estimated, which necessitates samples in the 270-300 case range.  The large sample size requirements of a longitudinal validity study are most apparent when the analyst works backwards from the Time 2 measurement point to Time 1 when the initial assessment occurs.  As a working number, assume that 12th grade assessments on 10,000 high school graduates are obtained at the national level during January through March of a given year.  According to recent figures, approximately one out of 18 high school students enter active military service in the Army, Navy, Air Force, Marine Corps or Coast Guard during the Summer and Fall of that year.  That means (10,000/18) 555 entrants would be available for a longitudinal follow-up.  A little over half or about 300 would join the U.S. Army and the remainder would opt for either the Navy and Marine Corps (150) or the Air Force (115).  Each service has more than a hundred different types of initial technical training, so that 300 people entering the Army would quickly be dispersed to very small sample sizes, most of which would be unproductive to pursue.  Some technical school samples could be increased by combining occupations that are similar across the services.  Even so, using the NAEP national sample of 10,000 cases alone would probably require accumulating data over at least 3-5 years to perform a viable longitudinal study.

Entry Qualifications

To relate composite scores on the NAEP to the AFQT composite of the ASVAB, combined actual and imputed NAEP scores for a sample of high school graduates in the Mathematics, Reading, Writing and Science domain areas would be matched with applicant files to obtain ASVAB scores available as part of the normal military application process.

The objective of the proposed study would be to relate individual scores on the NAEP with those of the ASVAB where both assessments are available on the same people.  Each assessment would have been administered as they occur in their natural settings – the high school classroom for the NAEP and the Military Enlistments Processing Stations for the ASVAB.  Test records would consist of identifying information for matching high school students with military applicant files, background data and test scores on the four NAEP content domains, the nine ASVAB subtests, the AFQT composite, and 28 service-specific qualification composites.

The analysis would proceed in three steps. First, the NAEP domain scores would be used in a multiple correlation and regression analysis to estimate the AFQT composite score as the dependent variable.  Depending on the magnitude of the multiple correlation, the estimated AFQT could be predicted within some standard error boundary.  If the relationship was sufficiently strong, equating tables could be developed to show the score transformation from one metric, a linear composite of NAEP scores, to the AFQT.  

In step two, the NAEP scores would again be used as independent variables to predict each of the 28 service composites.  Where sufficient accuracy is obtained, products similar to those in step one could be produced.  It might be possible with some preliminary analyses to effectively reduce the number of service composites so that only the unique ones were pursued.

In step three, it is proposed that an analysis be conducted for each service separately of the number of positions vacant in a given year.  Vacant positions would then be matched with their corresponding service-specific selection composite.  Minimum required scores for entry on the composites would be used to compute a qualification probability for each position based on NAEP performance levels on Mathematics, Reading, Writing and Science.  The probability levels for individual vacant positions would then be aggregated within broad categories of jobs as suggested in Table 2 for each service component.  Interpretive statements could then be made where typical performance levels on NAEP would suggest qualification for x % of the Administrative positions in the Army, y % in the Navy and z % of the Air Force.  Similar percentage statements could be made for other categories of jobs.

Successful completion of the study would lead to an interpretive framework where characteristic scores and score distributions from the NAEP could be linked to the estimates of qualifying scores on the ASVAB for basic entry into military service and for qualification with respect to specific occupational categories.  Moreover, composite changes in performance levels on the NAEP might suggest increases (or decreases) in typical qualification rates from one year to the next. 

Military Training

For the NAEP training school validation, courses with similar content would need to be grouped if possible across the services to provide sufficient sample sizes for determining predictive relationships between academic performance in high school and technical training grades in the military.  The analysis sample would consist of all students who took the NAEP during their senior year, entered military service and were enrolled in training in the designated course content areas.  Data files for the sample would record the student’s identification and background information, NAEP standard scores (actual and imputed), ASVAB subtest standard scores and final school grades for technical training.  The grades would take the form of numerical values from 60 to 100 indicating the student’s overall achievement level in the course.  People who failed the course and did not obtain a final grade would be assigned an arbitrary fail score at or below 60.  

Multiple correlation and regression methods would be employed to determine the extent to which the NAEP and ASVAB measures are predictive of course outcomes as the dependent variable.  Assuming positive findings, valid linear composites of the NAEP achievement measures could be used to characterize expected performance in some or all of the military training course clusters.  In the most favorable circumstances, different levels of NAEP achievement could be related to 8 -10 high flow courses in such areas as security services, electronics, vehicle mechanics, medical technologist and perhaps others. 

Job Performance

The proposed strategy for validating the NAEP with respect to military job performance would be to establish separate prediction systems for each of the military services where sample sizes exceeded 300 cases.  Military performance indicators of two types would be defined: a) one based on the successful completion of a two, three, or four year enlistment contract, and b) one based on the highest feasible skill level or grade attainable for those periods of enlistment, assuming that the enlistee was not discharged prematurely.  

The samples would be high school graduates tested on the NAEP in their senior year and who subsequently enlisted in one of the branches of the U.S military service.  It would include all the cases contained in the analysis of technical school grades described above, plus those cases who were discharged during basic training and those who attended technical school but could not be included in the cross services training analyses.

Service records for the sample would be extracted from personnel files to reflect their active duty history from entry into basic training to their discharge from the service or the completion of their first term of enlistment whichever occurs first.  Individual records would show the enlistee’s duty status (present or premature departure) at specified intervals from one to four years into their enlistment contract for the duration of that commitment.  The enlistee’s status with regard to their commitment would be coded as a group membership variable as follows: a) successful completion of the commitment, b) premature departure for reasons of unsuitability, or c) premature departure for unknown reasons or for reasons unrelated to suitability.  For analysis purposes, the cases in the third indeterminate category could be dropped from further consideration.  The focus of the validation analysis would be on the binary criterion denoting a successful tour completion or a premature unsuitability discharge.  The probability of successful completion for the sample would be regressed onto a composite of NAEP achievement levels (standard scores) in Mathematics, Reading, Writing, and Science using a combination of actual and imputed item scores for each subject.  Multiple correlation and regression methods treating the binary attrition criterion in 0/1 form (also called discriminant analysis) or logistic regression analysis (Greene, 1997) would be used to derive expected probabilities of successful tour completion as a function of differing levels of NAEP achievement in the 12th grade content areas.  The ASVAB subtest standard scores for enlistees in the sample would be available for reference purposes.  

For enlistees in the sample who successfully completed their initial contracts, follow-on analysis would focus on the individual enlistee’s highest level of skill or grade attained, compared to the highest feasible level of attainment.  These comparisons would be conducted within service and commitment categories defined as two, three, or four years and would record a) the number of months served at the highest level or b) whether the highest level was attained or not (binary coded).  The number of months or the binary coded skill/grade attainment variable would serve as the dependent job performance measure in a multiple correlation and regression analysis (or logistic regression analysis as deemed appropriate) where skill/grade attainment could be characterized as a function of achievement levels on the 12th grade NAEP.  

Successful completion of the full longitudinal study would lead to an interpretive framework supported by empirical evidence about the strength of predictive relationships between NAEP and readiness for military service.  The evidence would span the full spectrum of readiness from entry qualifications, to training proficiencies, to completion of the initial term of service, and finally to expected grade/skill attainment levels.  The study would extend the current framework, now limited to group standard score results and proficiency levels in the NAEP content categories.  Standard score results from the 12th grade assessments (means and distributional characteristics) could be projected to show the corresponding probabilities for being qualified for military service and expected proportions of military positions (by service and job area) for which the typical high school graduates could be expected to qualify.  Further, projections could be made of expected training success in perhaps 8 – 10 of the larger military training programs across the services.  Finally, composite NAEP performance levels could be linked to probabilities of completing the first military term of service and the likelihood of achieving the highest level of skill/grade progression.  Comparisons of NAEP results across years could be shown in terms of increases (or decreases) in military qualification rates, training performance levels and expected success rates in the first term of service.  

Concurrent Validation Approaches

Concurrent validity designs provide practical compromises to traditional longitudinal studies.  In a concurrent design two or more measures are taken at the same time or in closer proximity time-wise than would be the case in a longitudinal or Time 1 – Time 2 design.  Concurrent designs often provide resource savings related to testing time, subject availability, administration costs, and study duration.  The designs capitalize on the presumed invariance not of the people administered the NAEP, but of the assessments themselves.  The meaning of the score levels is not expected to change as a consequence of where, when, or to whom the test is administered (within reasonable limits).  Thus, it is not essential that NAEP data be collected following the standard protocol of giving the NAEP in a high school setting to 12th graders between January and March of their senior year.

Ongoing testing and training programs in the Department of Defense offer opportunities for obtaining NAEP data concurrently with collection of military performance measures. Four concurrent validation designs are described.  In the first three, the methodology calls for NAEP administration to occur after high school graduation and at military locations.  The fourth design collects NAEP in a high school setting but about 6 to 18 months earlier than the standard protocol prescribes.  

The first strategy would be to test all or part of the NAEP in conjunction with administration of the ASVAB at Military Entrance Processing Stations (MEPS).  Large numbers of military applicants are tested annually in these settings.  In 2003 the number of test takers exceeded 400,000 (Sellman, 2004).  Using this approach, a large data base of military applicant records could be created in a short period of time.  It would contain NAEP scores on individuals who also have ASVAB subtest scores.  The data base would support analyses of relationships between the NAEP and ASVAB using correlation and regression statistics and, if appropriate, test equating methods.  Substantial relationships between the two tests would support interpretive statements about achievement levels on the NAEP and military readiness, specifically the probability of qualifying for military enlistment and for different military occupational categories.  

A second concurrent design strategy would be to administer the NAEP in the military Recruit Training Centers.  Test takers would be military recruits in basic training, preferably in the first or second week.  The testing would need to be repeated for each cohort available until the requisite sample size is obtained.  It might be expected that cohorts of 500 to 1,500 enlistees would be available on a weekly basis at a given Recruit Training Center.  An overall sample size across services in the range of 8,000 to 10,000 cases would be desirable.  The data base on recruits would contain ASVAB scores obtained during testing at the MEPS and NAEP scores from testing at the Recruit Training Centers.  The data would support multiple correlational analyses of concurrent relationships between the two tests.  Valid linkages would support the development of defensible performance statements for NAEP pertaining to probability of enlistment and military occupation qualification. 

In a third concurrent design, NAEP assessments would be administered to enlisted personnel in the services’ technical training centers and then compared with their end-of-course performance criteria, usually pass/fail or final course grade.  With this approach a sample size of 270 to 300 (minimum 30 cases per parameter estimated) in each training course is required.  The analyses would relate linear composites of the NAEP assessments with course outcomes.  Probability statements for NAEP achievement levels could be devised by using pass/fail in training as a dichotomous criterion or by partitioning the final course grade metric into above and below average performance categories.   

Each of the concurrent designs would support an abbreviated longitudinal follow-on through the end of the first tour of enlistment.  NAEP results would be compared to available military readiness measures, and analyses would be conducted as described in the section of this paper on the longitudinal validation study.  

An advantage of the concurrent designs discussed so far is that NAEP relationships with military readiness could be evaluated in a shorter timeframe than required for a longitudinal study.  That advantage may be offset by the increasingly long interval between the standard NAEP protocol for administration in the senior year and when the assessments would be administered at the MEPS, Recruit Training Centers, and technical training schools.  Intervening learning experiences, maturation, motivation, and other contaminating factors would complicate the interpretation of NAEP relationships with military readiness. 

A fourth validation strategy is to administer the NAEP concurrently with the ASVAB as part of the DoD Career Exploration Program (CEP) (U.S. Department of Defense, 1996; Arabian, 1997; Laurence, Wall, Barnes, & Dela Rosa, 1998; Sellman, 2004).  In 2003, more than 700,000 students in about 14,000 high school were administered the ASVAB, together with additional materials for the CEP (Sellman, 2004).  The CEP includes a vocational interest inventory, work values questionnaire, and job information to help students explore the world of work by considering good fits for their abilities and interests in civilian and military occupations.  Testing all or part of the NAEP in the same high school sessions that CEP materials are given would allow data to be quickly accumulated on large number of subjects across the United States.  Usually, the CEP is available to 11th and 12th graders, so NAEP administration would occur about 6 to 18 months earlier than prescribed by the standard protocol.  Analyses of concurrently obtained ASVAB and NAEP scores would focus on the strength of relationship.  If NAEP and ASVAB outcomes are highly correlated, it would be tenable to develop NAEP performance statements about likelihood of enlistment eligibility and military occupational qualification.

A side issue with the concurrent designs is the potential impact of changes in NAEP testing time and location on test taker motivation.  In the 2004 report to the NAGB, the Commission on 12th grade NAEP commented that “senioritis” and low motivation likely had a negative effect on accuracy of the assessment results.  Consideration needs to be given to how variations in when and where NAEP testing occurs in the proposed concurrent validation designs will effect motivation.  In military testing sessions, discipline comes into play.  Recruits are strongly encouraged to cooperate, and they usually comply, even after being told by the test administrator that participation is voluntary.  Test administration instructions are carefully crafted to reinforce the benefits of accurate test results for defense policy and procedures.  

Synthetic Validity

As an alternative or adjunct to traditional validity studies, there is a broad class of procedures that can be employed where, in the absence of empirical data, one might be able to relate NAEP achievement levels to military readiness by expert judgment. Procedures described in this section draw heavily on the work of Angoff (1971), Flanagan (1954) and Ward (1977).  The insights and judgments of experts in a given subject domain – here military readiness – are elicited concerning NAEP tests and items and how they might relate to a) prospects of qualifying for entry into the military and once qualified, how they might relate to b) expectations for success in military training and on the job.  

The central idea for a study of this type would be to design a formal procedure for eliciting and analyzing expert judgments about NAEP tests and test items that serve as a basis for an interpretive framework of the same type that might have been derived empirically.  In this case, relationships between the NAEP and military readiness are derived synthetically from a panel of experts.  The proposed study would involve a facilitator and a panel of subject-matter-experts (SMEs) in a 4-5 day workshop.  The goal would be to review in detail NAEP materials (items, tests, response scoring guidelines, the proportion of students selecting each response option in multiple choice questions, and typical answers to constructed response items, etc.).  The expert panel would then render judgments about the “military readiness” of hypothetical test respondents who correctly answer a question compared with those who do not.  The judgments would be elicited for the graded response items in a similar fashion.

The workshop would proceed through a structured protocol with the following steps: a) review of overall purpose, b) training and guided discussion on background materials and prototypical items and responses to establish a common reference framework for the SMEs, c) review and evaluation of the complete set of stimulus materials by two independent subpanels of the SMEs, d) re-convening the full SME panel to resolve disagreements and discrepant evaluations, and e) production of the final summary judgments for overall panel review.  

As background for the workshop, it is recommended that empirical data be assembled to facilitate the process.  The most helpful would be item-level results from an ASVAB validity study of military technical training in one or more of the services.  This has seldom been done in the past because the emphasis in traditional validity studies is on subtest-level results as they relate to training success.  An item-level study would yield important insights in the context of the proposed study.  ASVAB items, some of which may closely resemble those in the NAEP, could be reviewed to determine how each relates to the prediction of the training criteria. The process could help establish internal benchmarks for the SMEs when they made their formal evaluation of the NAEP materials.  

Alternative Approaches to Academic Assessment

If the NAGB decided to augment NAEP with additional content domains, what might they include?  The present emphasis in the 12th grade NAEP is on broadly defined basic academic skills that have been the traditional mainstay of the U.S. secondary educational system – Reading, Writing, Mathematics, and Science.  These subject areas represent the core disciplines in what might be called a “basic skill set” for preparing students for life after high school.  They would prepare the student for additional training and education relevant for careers ranging from unskilled labor to professional careers. The question is whether the skills presently included in the “basic skill set” are sufficient, and if not, what additional skills should be included.  

Most high school graduates will pursue more rigorous studies at institutions of higher learning.  Their required basic skills set seems well tailored to the present NAEP emphasis.  But what about high school graduates who enter the job market at the unskilled level?  Or, what about high school graduates who enroll in shorter term vocational or technical training and then enter the job market as trades people, secretaries, medical technologists, electronics technicians, plumbers or automobile service mechanics?  The present assessment does not cover vocational and technical areas as well.  Skills and knowledge that students learn in high school vocational and technical programs are not part of the current NAEP and should perhaps be included.  Analyses of high school transcripts show a small but significant segment of male students envision future careers not in the white collar or professional sector but in the vocational and technical trades.  Welsh (1997) shows male participation rates varying between 10 and 23% in high school vocational and technical courses, including Industrial Arts (10.1%), Electricity (9.8%), Auto/Machine Shop (18.8%), Woodworking (21.9%), Metalworking (9.7%), and Drafting (23.3%).  From the military perspective, then, an extension of the assessment into the mechanical, electro-mechanical and electronic areas (including electricity) would be particularly beneficial in providing more complete coverage of the full capabilities of American youth. 

As a general strategy it might be beneficial to conduct a job analysis for the most prevalent vocational and technical careers in the post-high school job market to determine what other assessment areas should be included in an extended NAEP.

Conclusions

The paper by the National Commission on NAEP 12th Grade Assessment and Reporting (2004) provided compelling arguments for the importance of the test as part of the Nation’s Report Card, and persuasive rationale for continuing the assessment at the national level and expanding test administration to support cross-state comparisons of student achievement.  The Commission’s point is well-taken that the test measures achievement at a critical juncture in a young person’s life.  Their compulsory education is ending, and their transition to adult endeavors is beginning.  It seems reasonable that NAEP results, if at all possible, should be cast in terms that are meaningful and helpful to students in making the transition.  

Most high school graduates will ultimately pursue one of several broad options --- enroll in college, engage in training for employment, or enter the military.  Extending current performance statements beyond Below Basic, Basic, Proficient, and Advanced is a challenging goal but one that has high payoffs.  Statements about the likelihood of qualifying or succeeding in post-secondary options would communicate potentially invaluable information not only to students and their parents but also to educators about the adequacy of curricula and classroom instruction, college admissions officials about the quality of incoming students, business owners about the capabilities of prospective employees, and military leaders about the quality of future recruit pools.

The present paper focused on validity issues in developing predictive inferences from 12th grade NAEP results for students interested in military service.  Review of the Department of Defense testing program, military enlistment and job assignment procedures, and military training programs suggests that developing performance statements about military readiness for the 12th grade NAEP is tenable.  The large literature on military personnel testing and selection research points to several reliable indicators of military readiness, any or all of which could be feasibly collected as validation criteria.  The ASVAB itself is one promising criterion of military readiness.  Valid linkages between the ASVAB and NAEP would support the development of defensible performance statements for high school seniors about their eligibility for enlistment and qualification in different military occupations.  Projections of military readiness for technical training and successful completion of the first term of enlistment would provide a powerful extension of the current NAEP interpretive framework.  Clearly, developing readiness measures and pursuing any of the several validation strategies described in this paper will require the cooperation and support of the Department of Defense.  The methodologies differ in terms of data collection requirements and duration.  Some designs can be executed more easily and efficiently than others, though every methodology was developed with the goal of providing an empirical and supportable basis for linking 12th grade NAEP results to military readiness. 
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