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A BIBLIOGRAPHIC DATABASE

FOR THE HISTORY OF PILOT TRAINING SELECTION

Introduction

In August 2009 Damos Aviation Services (DAS) accepted Subcontract TCN 09216 from Battelle
Columbus Operations under the U.S. Air Force Research Office Scientific Services Program,
Contract W911NF-07-D-0001 / Delivery Order 0906. This report describes and documents the
bibliographic database developed and delivered as a result of that subcontract.

In previous work funded by U.S. Army Research Institute for the Behavioral and Social
Sciences (ARI) under an Army contract (DASWO01-03-D-0016, Selection Instrument for Flight
Training) DAS initiated a review and analysis of aviator selection in the United States and other
countries which led to a technical report on aviator selection prior to 1925 (Damos, 2007). In a
subsequent effort, funded by ARI under Air Force contract FA3089-06-F-0580 (Human
Resources Research Database and Strategic Planning Support), DAS produced a bibliographic
database of sources from WWTI to the present. DAS continued to survey the literature and
assemble relevant documents after completion of the original database.

Database Description

For a variety of reasons, including resource limitations, lack of interest, lack of motivation, or
plain ignorance, there is a tendency today for agencies to reduce or eliminate support for the
operation of small libraries and reference collections. When support is withdrawn there is often
little consideration given to the preservation of such collections. The bibliographic database
developed under this project preserves a large number of references and their associated files
that may otherwise have been lost or destroyed. Even if the product of the present effort serves
as no more than an archive it will prove valuable to future research and development.

The bibliographic database contained herein was formed by reviewing objects available in local
tangible formats and records accessible through linkages on the Internet. Information from these
was entered into the database through a database management software package to form records.
Where possible, the full-text objects corresponding to these records were acquired and linked to
their entries. Review of a large proportion of the entities provided paths to other, previously
unknown entities. For remote sources where data retrieval capabilities existed (some data
retrieval capability exists with nearly every Internet resource) searches were performed on all
available data fields using keywords that are commonly associated with aviator selection
practices.

The entries in the reference database are listed in author order in Appendix B. Note that the first
57 entries have no author listed.

Limitations. Objects entered as database records are associated with pilot selection in the United
States Armed Forces from the inception of the employment of aviation by the U.S. military to the
present day. There are some records that are primarily relevant to commercial aviation, military



pilot selection in other countries, and to general knowledge, skill, ability and other characteristics
(KSAOQ) assessment for occupational or training selection. These are included because they bear
close association with U.S. military pilot selection and are likely to be of use to researchers in the
area. Web pages are not included for two reasons: Few are primary sources of information and
most are ephemeral. That is, there is a high likelihood that a cited web page will not exist in the
near future.

Sources. The entries in the database were retrieved from 46 documented sources. These are
listed in Table 1 along with their Uniform Resource Locators (URL). In addition to these
sources a large portion of the corpus is derived from personal holdings of the authors and from
documents literally rescued from discard. A full set of the Army Air Forces Aviation
Psychology Program Research Reports (commonly known as the Blue Book) series was retrieved
by Dr. R. Bruce Gould from a dumpster at Brooks Air Force Base. A large number of
documents was retrieved from the scientific reference files at the Rotary Wing Aviation
Research Unit of the U.S. Army Research Institute for the Behavioral and Social Sciences (ARI).
These were scheduled to be shredded and recycled because the building in which they were
housed was transferred to another agency and no library would accept the files. Since then the
remaining documents from that collection were transferred to the Redstone Scientific
Information Center (RSIC) at Redstone Arsenal, AL.



Table 1. List of sources for entries in the bibliographic database.

SOURCE NAME

URL

Air Force Human Resources Laboratory

None

Air Force Publishing

https://www.my.af.mil/gcss-af/

Air University Library Index to Military Periodicals

http://www.dtic.mil/dtic/aulimp/index.html

Air University Press

http://www.maxwell.af. mil/au/aul/aupress/

American Institute of Aeronautics and Astronautics (AIAA)

http://www.aiaa.org/

American Memory

http://memory.loc.gov/ammem/browse/index
.html

American Psychological Association (APA)

http://www.apa.org

Army Administrative Publications

http://www.army.mil/usapa/epubs/index.htmi

Army Doctrine and Training Publications

http://www.army.mil/usapa/doctrine/Active_
FM.html

IArmy Heritage Collection Online

http://www.ahco.army.mil/site/index.jsp

Center of Military History Online Bookshelves

http://www.army.mil/cmh/online/Bookshelve
s/Books3.htm

Defense Technical Information Center (DTIC) Public
Scientific and Technical Information Network (STINET)

http://multisearch.dtic.mil/dtic/

Damos Aviation Services

http://www.damosaviation.com

Donovan Research Library Digitized Monograph Collection

https://www.infantry.army.mil/monographs/

Electronic Code of Federal Regulations

http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?c=ecfr&sid=3efaad1b0a259d4e48f1150
a34d1aa77

Google Books

http://www.google.com/books

Headquarters, U.S. Army Medical Command

https://www.us.army.mil/suite/portal/index.js
p

Human Factors and Ergonomics Society (HFES)

http://www.hfes.org

Ingenta

http://www.ingentaconnect.com

International Military Testing Association (IMTA)

http://www.internationalmta.org/

International Symposium on Aviation Psychology (ISAP),
Association for Aviation Psychology, Proceedings

http://www.wright.edu/isap

Internet Archive

http://www.archive.org

Joint Doctrine, Education and Training Electronic
Information System

https://jdeis.js.mil/

Joint Electronic Library

http://www.dtic.mil/doctrine/index.html

Library of Congress

www.loc.gov/

Library, Information Science & Technology Abstracts
(LISTA)

http://www.libraryresearch.com/

Military Library Education Research Library Network
(MERLN) Digital Collections

http://merin.ndu.edu/index.cfm?lang=EN&p
agelD=2&type=page

National Aeronautics and Space Administration (NASA)
Technical Reports

http://ntrs.nasa.gov/

National Defense University Library Digital Collections

http://www.ndu.edu/Library/index.cfm?secID
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=2108&pagelD=126&type=section

Naval War College Newport Papers

http://www.nwc.navy.mil/press/npapers/new
paper.htm

Pentagon Library

http://www.hgda.army.mil/library/m.htm

Psychlinfo

http://www.apa.org

PubMed, National Library of Medicine

http://www.ncbi.nim.gov/pubmed/

RAND Review

http://www.rand.org/publications/randreview
.html

RAND Technical Reports

http://www.rand.org/pubs.html

Scitopia

http://www.scitopia.org

U.S. Army Military History Institute (AMH]I), Historical
Services Division

http://www.carlisle.army.mil/ahec/MHI.htm

U.S. Army Research Institute for the Behavioral and Social
Sciences (ARI) — Fort Rucker Research Unit holdings

None

U.S. Army Research Institute for the Behavioral and Social
Sciences (ARI) Technical Library

http://arit.sirsi.net/uhtbin/cgisirsi/x/0/0/49

\Web of Science

http://science.thomsonreuters.com/training/
wos/

\World Wide Science

http://WorldWideScience.org

\WorldCat

http://worldcat.org

United States Air Force Academy

http://www.usafa.af.mil/index.asp

Aviation Technical Library, Fort Rucker, AL

http://www.rucker.army.mil/usaace/techlibra
ry/index.htmi

Navy Department Library

http://www.history.navy.mil/library/index.htm

U.S. Naval Research Laboratory Ruth H. Hooker Research
Library

http://infoweb.nrl.navy.mil/index.cfm?i=157

Quantification. The database currently comprises 1,805 entries represented in 20 different object

types. These object types are as follows:

Audiovisual Material

Book
Book Section
Chart or Table

Conference Paper

Conference Proceedings

Edited Book

Figure (Photograph)
Government Document

Journal Article

Legal Rule or Regulation

Magazine Article

Manuscript
Pamphlet




Personal Communication
Report

Serial

Statute

Thesis

Unpublished Work

The publication dates span a range of 149 years from 1862 to 2011. There are nine entries for
which there is no known year of publication. For one entry the year of publication is known only
to the nearest decade. There are 5,005 authors cited and 1,391 keywords listed. There are 57
entries that have no author listed. The database contains citations for articles from 479 journals.
Ninety-three entries have associated URLs. There are two entries whose associated documents
are distribution restricted (so labeled in the Notes attribute for those entries) although the
database entries themselves are not restricted. No entries are classified or sensitive. There are
18 entries that are considered to be incomplete. These are included in a subgroup in the database
management software files. There are 721 object files linked to the entries. Most of these are
digitized full-text representations of the original work or digitized photographs. There are a
number of instances where more than one file is linked to an entry. This is because the size of
the work makes it difficult to reliably operate the scanning and interpretation software employed.

Scanning and Optical Character Recognition. There are a large number of entries for which hard
copies were accessible but for which digitized copies were not. These were scanned into
digitized files (Portable Document Format — pdf) and Optical Character Recognition (OCR)
procedures were applied. The success level of OCR software is dependent on the quality of the
image being interpreted. If the original image was degraded or noisy, then the frequency of
interpretation errors is increased. There are a number of files that are scanned but OCR success
was so minimal that they have been left unintepreted. The internal content of these files can not
be automatically searched.

Special mention should be made of the Army Air Forces Aviation Psychology Program Research
Reports (Blue Book) series. The digitized representations of these works are derived from two
sources: Xerographic copies of some volumes that were in the ARI holdings and digital
photographic images of volumes made by Brandon Spillers from originals possessed by the U.S.
Air Force. The Xerographic copies are of mediocre quality and may be second generation
copies. The scanned files are therefore at best second generation, and may be third generation
copies. As such their image quality is sufficient to allow them to be read but not sufficient for
successful OCR. The digitized images were made as Tagged Image File Format (TIFF) images,
one for each page. These images were subsequently assembled into pdf files, however, they tend
to be somewhat skewed and slightly out of focus. Therefore OCR was not successful on these.

Bibliographic Database Management Software. The software used in this project is a
commercially available proprietary package named EndNote, marketed by Thompson Reuters
(www.endnote.com/), Version X4. This package is designed to run under Microsoft Windows
XP, Vista, and Windows 7 operating systems and under Macintosh OS X. It will interface with
several word processors including Microsoft Word 2003, 2007, 2010 and OpenOffice.org Writer
3, as well as with Macintosh Pages ‘09. There are a number of freely distributed database




management software packages available which are available at no cost and are platform
(operating system) independent. Three of these are:

Bibus http://bibus-biblio.sourceforge.net/wiki/index.php/Main Page
JabRef http://jabref.sourceforge.net/
Refbase http://www.refbase.net/index.php/Web Reference Database

Copyright Limitations

Copyright restrictions affect the uses to which the database may be applied. Many of the entries
in the database are from sources that retain copyright. The most common are journals published
by the American Psychological Association (APA). The APA Copyright and Permissions Policy
(American Psychological Association, 2011) specifically asserts control over abstracts of articles
published in APA journals. It would be impractical to obtain permissions to use every one of the
abstracts associated with APA journal articles in the database. Therefore the APA abstracts are
not present in the database files. Many of these have been replaced by newly written abstracts.

Copyright restrictions limit the redistribution (availability) of the associated digitized text files.
Many of the works in the database are in the public domain, and, therefore present no problem.
Government publications are by their nature in the public domain and therefore present no
problem. Many others, however, do not belong to either category. It has been asserted that
libraries and archives are specifically allowed to make up to three copies of a work for the
purpose of preservation under the Digital Millennium Copyright Act of 1998. It has also been
asserted that the Fair Use provision for individuals and libraries allows copies to be made subject
to four factors: Purpose of the use, Nature of the Work, Amount used, and Market impact. The
problem ensues from the fourth factor. Journal publishers may have an expectation of revenue
based on the sale of reprints of articles. If one widely distributed digital copies of these works,
journal publishers could argue that this distribution dilutes their market.

In this regard at least three courses of action are available. The first is to make all of the full text
files unavailable for research. The second is to sort through all of the files and make only those
that are copyrighted unavailable. The third is to acquire permissions to use each of the
copyrighted files.

User Instructions

Disk Contents. Accompanying this report is a set of two digital video disks (DVD) that contain
the complete database and related files. These two DVDs containing the referenced material
herein are maintained at AFPC/DSYX. This set is the Digital Library of the History of Pilot
Training Selection. On Disk A of this set an EndNote database is contained in the file Aviator
Selection.enl. A co-located folder, Aviator Selection.Data, contains a subfolder, PDF. The
subfolder PDF contains subfolders that themselves contain the file attachments associated with
entries in the database. The EndNote application packages file attachments in a separate folder
for each database entry. In some cases there are multiple files within a subfolder. Disk A also
contains the file Aviator Selection.htm, which is a hypertext markup language (HTML) listing of



the complete entries in the database. This file can be read by standard internet browsers. Finally,
Disk A contains a Standard Form 298 for the digital library (sf298.doc).

The size of the complete library exceeds the capacity of a single DVD. Therefore the balance of
file attachments are on Disk B of the set, in Aviator Selection.Data\PDF. Disk B contains two
other folders. The folder Trash is intended as a temporary location for deleted entries and is
empty. The folder rdb contains 22 files that are used by the file management software. These
are not intended to be manipulated by users.

Installation. Please refer to Appendix A for definitions of basic terms used here. To use these
products as a digital library, with EndNote as the reference management software package, copy
the entire contents of Disk A to the desired directory on a local hard drive. Then copy all of the
entry-specific subfolders in Selection.Data\PDF on Disk B into the subfolder Aviator
Selection.Data\PDF on the local hard drive. Assuming EndNote has been installed, the library
can be opened by starting EndNote and then opening Aviator Selection.enl or by double clicking
on Aviator Selection.enl.

To use these products as a bibliographic database, with EndNote as the reference management
software package, copy all files as above EXCEPT for the subfiles under Aviator
Selection.Data\PDF. Doing this eliminates access to all of the attached files for database entries
(including copyrighted materials). If access to an attached file is made within EndNote, the
application will issue an error message stating that the file can not be found.

Most other bibliographic database management applications can import the contents of an
HTML file. This is the main reason for including the file Aviator Selection.htm. Most other
bibliographic database management applications will not function as digital libraries, that is, they
do not directly link to full-text files associated with database entries.
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Appendix A. Basic Definitions

A bibliographic database is —a computer file consisting of electronic entries called records, each
containing a uniform description of a specific document or bibliographic item, usually
retrievable by author, title, subject heading (descriptor), or keyword(s). Some bibliographic
databases are general in scope and coverage; others provide access to the literature of a specific
discipline or group of disciplines. An increasing number provide the full-text of at least a
portion of the sources indexed. Most bibliographic databases are proprietary, available by
licensing agreement from vendors, or directly from the abstracting and indexing services that
create them (Reitz, 2010).

Reference management software packages contain a bibliographic database integrated with filter,
search and list generation functions. Most include the capability of generating lists of selected
references in specific formats required for various publications. Many reference management
packages can be interfaced with commonly available word processors so that a reference list can
be produced as an article is written. This reduces the risk of cited sources being left out of the
reference list or of including entries that are not cited in the text. It also can potentially reduce
the frequency of typographical errors in a reference list. Reference management software
packages usually have a capability to import entries from other bibliographic databases.

A digital library is an extension of the bibliographic database and reference management
software structures that include full-text copies of the entries, stored in digital formats rather than
print, microfilm, or similar media. The term Digital Library is defined by the Digital Library
Interoperability, Best Practices and Modeling Foundations as —& potentially virtual organisation,
that comprehensively collects, manages and preserves for the long depth of time rich digital
content, and offers to its targeted user communities specialised functionality on that content, of
defined quality and according to comprehensive codified policies” (Candela et al., 2011).

A traditional library, that is, one containing directly tangible works in a range of media as
opposed to digitized representations of those works, requires substantial physical space and
consequently significant maintenance cost, is limited by available physical space and its
operations schedule, requires significant manpower for operation, and limits access by virtue of
its location and by participant group boundaries. A digital library may be made available
globally through the Internet, without regard to time, allows multiple users to access works
simultaneously, incurs no risk of resource loss to patrons, and provides broader and faster
information retrieval facility.



Appendix B. Listing of the Bibliographic Database Entries With Abstracts

. Ground signals to an aviator. In Ground signals.pdf (Ed.), (pp. Ground signals.pdf
Collection: World War I Miscellaneous-Roy Coles Album 2

Folder: RG75S-World War I Miscellaneous Coll.-Roy Coles Album 72.28

Title: Ground Signals to an Aviator ).

. Manual for the use of the Student Pilot Prediction System. Naval Air Station, Pensacola, FL:
Naval Aerospace Medical Research Laboratory.

. Airfield near San Antonio. (192?) (pp. Created/Published [192-7]

Notes: Forms part of John J. Pershing Collection. Title based on similarity to panorama
193 in this lot. Photographer's address and phone number: 522 Mason St., San Antonio, Texas.
Travis 5384. Transfer; LC Manuscript Division (John J. Pershing papers); 1953. Related Names:
San Antonio Photo Service, photographer.
Medium: 5381 photographic print : gelatin silver ; 5389 x 5358.5385 in.
Call Number
LOT 8852 no. 5385
Special Terms of Use: No known restrictions on publication.
Part of Panoramic photographs (Library of Congress)
Repository: Library of Congress Prints and Photographs Division Washington, D.C. 20540 USA
Digital ID: (digital file from intermediary roll film copy) pan 20546a35796
http://hdl.loc.gov/loc.pnp/pan.20546a35796 ).

. Fair Oaks, Va. Prof. Thaddeus S. Lowe observing the battle from his balloon "Intrepid". (1862)
(pp- CREATED/PUBLISHED 1862 May 1831.
SUMMARY:: Photograph from the main eastern theater of war, the Peninsular Campaign,
May-August 1862.
NOTES: Reference: Civil War photographs, 1861-1865 / compiled by Hirst D. Milhollen and
Donald H. Mugridge, Washington, D.C. : Library of Congress, 1977. No. 0067
Title from Milhollen and Mugridge. Two plates form left (LC-B1811-2348A) and right (LC-
B1811-2348B) halves of a stereograph pair.
Forms part of Civil War glass negative collection (Library of Congress).
MEDIUM: 1861 negative (1862 plates) : glass, stereograph, wet collodion.
CALL NUMBER: LC-B1811- 2348
REPRODUCTION NUMBER:
LC-DIG-cwpb-01560 DLC (digital file from original neg. of left half)
LC-DIG-cwpb-01561 DLC (digital file from original neg. of right half)
LC-B08171-02348 DLC (b&w film copy neg.)
SPECIAL TERMS OF USE: No known restrictions on publication.
PART OF Selected Civil War photographs, 01861-01865 (Library of Congress)
REPOSITORY: Library of Congress Prints and Photographs Division Washington, D.C. 20540
USA
DIGITAL ID: (digital file from original neg. of left half) cwpb 01560
http://hdl.loc.gov/loc.pnp/cwpb.01560
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(digital file from original neg. of right half) cwpb 01561 http://hdl.loc.gov/loc.pnp/cwpb.01561
(digital file from intermediary roll copy film) cwp 01564a39678 ).

. Annual Report of the Secretary of War for the Year 1885. Vol III: Report of the Chief of
Ordnance. (1885). Washington, DC: U.S. Government Printing Office.

. Flying Machines Aero Squadron, Mobilization Camp, Texas City, 1913. (1913) (pp.
Created/Published 1913.
Notes: Copyright deposit; Joseph M. Maurer; April 1928, 1913.
Related Names
Maurer, Joseph M., 1876-1953, copyright claimant.
Medium: 1911 photographic print : gelatin silver ; 1917.1915 x 1960 in.
Call Number
PAN US MILITARY - Army no. 1919
REPRODUCTION NUMBER
LC-USZ1962-52714 DLC (b&w film copy neg. of left section made from another print)
LC-USZ52762-52715 DLC (b&w film copy neg. of center section made from another print)
LC-USZ52762-52716 DLC (b&w film copy neg. of right section made from another print)
Special Terms of Use: No known restrictions on publication.
Part of Panoramic photographs (Library of Congress)
Repository:
Library of Congress Prints and Photographs Division Washington, D.C. 20540 USA
Digital ID
(digital file from intermediary roll film copy) pan 52716a33307
http://hdl.loc.gov/loc.pnp/pan.52716a33307 ).

. Field Service Manual for Balloon Companies. (1917). Washington, DC: Government Printing
Office.

. "Making ready", U.S. Aviation Field, Fairfield, O., June 9th, 1917. (1917) (pp.
Created/Published 1917 June 1919.
Notes: Copyright claimant's address: Springfield, O. No. 1911. Copyright deposit;
Pixley-Messick Co.; June 1912, 1917.
Related Names
Pixley-Messick Co., copyright claimant, photographer.
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Three different measures of helicopter pilot performance were correlated--two types of
computer scores and one type of safety/instructor pilot grades. Results indicated the two types of
computer scores were basically interchangeable. The direction of the relationship between the
different types of computer and safety-pilot measures was as expected for 76 percent of the
measures examined, but statistical significance was attained in fewer cases (approximately 50
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investigated performance and mental workload when an operator supervises multiple
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difficulty level of attacks (targets engaged by either a single vehicle or multiple vehicles),
affected both performance and Subjective Workload Assessment Technique (SWAT),
and NASA Task Load Index (TLX), subjective mental workload measures.
Accomplishment score analyses were used to estimate performance redlines, based on the
Accomplishment Score Model of Average Mental Workload (Colle & Reid, 1997, 2005).
A performance mental workload redline was defined as the point at which
accomplishment scores no longer increased. Performance redlines were estimated using
piecewise linear functions of accomplishment scores. Redlines indicated that for simple
scenarios operators could effectively control about 12 UCAVs flying at 900 knots or 8
UCAVs flying at 1500 knots. For complex scenarios, operators could effectively control
8 UCAVs flying at 900 knots. Subjective mental workload redlines also were estimated
for both the SWAT and TLX subjective mental workload measures based on the
performance redlines. Consistent with iv previous research, the estimated SWAT redline
was in the range of 40 + 10. Initial estimates of a redline also were obtained for the TLX.
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personality of US Air Force pilots. Brooks Air Force Base, TX: Armstrong Laboratory.
The study of pilot personality has a long and controversial history. Personality
characteristics are fairly poor predictors of training completion, but are probably better predictors
of operational performance. Personality characteristics are also important considerations in
clinical psychological assessment. The current paper describes the personality characteristics of
1301 US Air Force students pilots based on the NEO Personality Inventory (NEO-PI-R).
Compared to male adult norms, male student pilots had higher levels of extraversion and lower
levels of agreeableness. Compared to female adult norms, female student pilots had higher levels
of extraversion and higher levels of openness as well as lower levels of agreeableness. Percentile
tables for the five domain scores and 30 facet scales are provided and discussed for clinical use.
A case study is also provided as an example of the clinical utility of these US Air Force norms.
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Results from a meta-analysis of studies using personality constructs to predict military
aviation training outcomes are reported. From the 26 studies that reported effects of personality
as predictors of aviation training outcome, the constructs of neuroticism (K = 7), extroversion (K
= 8), and anxiety (K = 4) appeared most frequently. Meta-analysis effects were derived using
both random effects and artifact distribution model. Uncorrected effects from the random effects
model produced the largest mean effect for neuroticism (rpea = -.15), followed by extroversion
(fmeta = -13), and anxiety (tyeta = -.11). Corrections for predictor reliability and range restriction
produced the greatest increase in the validity coefficient for neuroticism (reorr = -.25), implying
more psychometrically reliable and sensitive instruments could substantially improve the
predictive validity of personality assessments in aviation selection contexts. The results
confirmed the hypothesis that neuroticism and its facet anxiety would be negatively related to
training success, and that extroversion would share a positive relationship with training success
in military aviation.
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For nearly fifty years, citizen airmen have served in the nation's defense as members of
the Air Force Reserve. Citizen Airmen: A History of the Air Force Reserve, 1946 -1994 begins
with the fledgling air reserve program initiated in 1916, traces its progress through World War II,
and then concentrates on the period 1946 through 1994. The study skillfully describes the
process by which a loosely organized program evolved into today's impressive force. The Air
Force Reserve story is told within the context of national political and military policy and
stresses that over the decades, as national needs have increased, reservists have met the
challenges. Initially, the Air Force treated its reserve units as supplemental forces and equipped
them with surplus equipment. Shortly after the Air Force Reserve was established in 1948, its
members mobilized for Korean War duty and they served throughout the conflict. The Reserve
program subsequently fell into disarray and required patient rebuilding. The passage of a series
of key federal laws related to personnel issues and the introduction of the air reserve technician
program greatly assisted in this rejuvenation process. In the 1960s, the Air Force Reserve
demonstrated its mettle as it participated in numerous mobilizations reflecting the Cold War
tensions of the era. Reservists were involved in operations ranging from the Berlin Crisis of
1961-1962 to the Southeast Asia mobilizations in 1968. In the 1970s, the Air Force Reserve
program assumed heightened importance when the Department of Defense adopted the Total
Force Policy. This concept treated the active forces, the National Guard, and all reserve forces as
an integrated force. Reservists were now expected to meet the same readiness standards as their
active duty counterparts. Since then, the Air Force Reserve has demonstrated its ability to
perform a wide variety of missions. Air Reservists participated in American military operations
in Grenada and Panama.
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High rates of attrition among students in Undergraduate Pilot Training (UPT) are a major
concern for the U.S. Air Force. Recent efforts at the Air Force Human Resources Laboratory
have attempted to reduce attrition rates by improving the method by which pilot candidates are
selected. Currently, UPT students are chosen primarily on the basis of their Pilot and Navigator-
Technical composite scores from the Air Force Officer Qualifying Test (AFOQT). The present
effort sought to determine the extent to which scores on an experimental test battery, known as
the Basic Attributes Tests (BAT), added to the validity provided by the Pilot and Navigator-
Technical composite scores. The BAT battery consisted of eleven subtests and measured
psychomotor skills, as well as a variety of cognitive/perceptual abilities and
personality/attitudinal characteristics believed to be related to pilot training performance.

Carretta, T., Retzlaff, P. D., Callister, J. D., & King, R. E. (1998). A comparison of two U.S. Air
Force pilot aptitude tests. Aviation, Space, and Environmental Medicine, 69(10), 931-
935.

Carretta, T. R. (1986). The basic attributes tests (BAT) system: A preliminary evaluation of three
cognitive subtasks

Carretta, T. R. (1986). The Basic Attributes Tests (BAT) System: A preliminary evaluation of
three cognitive subtasks. Paper presented at the South Texas Symposium on Human
Factors and Ergonomics.

In 1955, the U.S. Air Force discontinued apparatus-based testing as a component of its
aircrew selection and classification system due to administrative problems. Since then, the Air
Force has relied on paper and pencil test batteries such as the Air Force Officer Qualifying Test
to select pilot and navigator trainees. Unfortunately, the aircrew selection system without
apparatus testing has failed to produce acceptable attrition rates in the light of escalating training
costs. As a result, a computer based testing system, the Basic Attributes Tests (BAT) system,
was developed to assess psychomotor skills as well as a variety of psychological and cognitive
attributes that are believed to be related to flight training performance. This paper evaluated three
subtests used to assess cognitive abilities: Perceptual Speed (information input efficiency),
Decision Making Speed (low level cognitive and high level sensory-perceptual motor
involvement) and Item Recognition (short-term memory storage, search and comparison
operations). Each of the subtests was evaluated in terms of its internal consistency and ability to
predict flight training performance. An integrated model, based on results from the three
cognitive subtests, was evaluated against flight training performance criteria.

Carretta, T. R. (1987). Basic attributes test (BAT) system: Development of an automated test
battery for pilot selection. Brooks Air Force Base, TX: Air Force Human Resources
Laboratory.

This report documents the development of the Basic Attributes Test (BAT) by the Air

Force and provided some preliminary validation results. A detailed description is given of the

BAT hardware and software, as well as descriptions of each of the tests that were currently part

of the selection system when this report was written. Several personality measures were included

in the system: (1) a Risk Taking test; (2) Self-crediting Word Knowledge Test (measures self
assessment ability and self-confidence); (3) Activities Interest Inventory (measures survival
attitudes); (4) the Embedded Figures Test (measures field dependence/independence); and (5) the
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Automated Aircrew Personality Profile (measures personality factors that had not been
determined at the time of the report). Preliminary results for the personality measures were not
very encouraging, with only the Self-crediting Word Knowledge test shown to be predictive for
either training outcome (pass/fail) or advanced training assignment.

Carretta, T. R. (1987). Basic Attributes Test (BAT) System: A Preliminary Evaluation. Brooks

AFB, TX: Air Force Human Resources Laboratory.

Recent efforts to reduce attrition rates in Air Force Undergraduate Pilot Training (UPT)
have resulted in the development of an experimental computer-administered test battery, the
Basic Attributes Test (BAT) system. Included in the battery are several tests which measure
information processing efficiency- and speed that were identified in previous research as being
related to pilot performance, particularly with regard to fast jet fighter aircraft This paper
evaluated three subtests used to assess cognitive abilities: Digit Memory (information input
efficiency), Decision-Making Speed (low-level cognitive and high-level sensory perceptual-
motor involvement), an Item Recognition (short-term memory storage, search and comparison
operations). Each of the subtests was evaluated in terms of its ability to predict various flight
performance measures and final training outcome. Of particular interest was the potential of the
cognitive subtests to increase the validity of current selection procedures that rely mainly on
paper-and-pencil measures. In addition, an integrated model containing both the current selection
measure and experimental subtests did demonstrate significant relationships with several other
performance measures including recommendations for fighter assignments after training.

Carretta, T. R. (1987). Field dependence-independence and its relationship to flight training
performance. Brooks Air Force Base, TX: Air Force Human Resources Laboratory.
Previous research has suggested that level of field dependence- independence could be

used as a measure of social skills and vocational interests. According to this research, field-

dependent individuals tend to prefer areas of work that require social skills, whereas field-
independent individuals favor positions in the sciences or practical-analytical-oriented
occupations. This study examined the usefulness of field dependence-independence measure for

predicting performance during flight training. One thousand nine hundred seventy-seven (1,977)

United States Air Force pilot candidates were administered the Embedded Figures Test as part of

a computer-administered test battery prior to entry into Undergraduate Pilot Training (UPT).

Several items on the Embedded Figures Test demonstrated poor reliability. Further, the level of

field dependence-independence was not found to be related to performance during flight training.

It was recommended that the test be eliminated for consideration as a selection and classification

tool. Keywords: Job analysis; Flight crews.

Carretta, T. R. (1987). Spatial Ability as a Predictor of Flight Training Performance. Brooks

AFB, TX: Air Force Human Resources Laboratory.

Spatial ability has been demonstrated to be related to Performance of a variety of tasks
including several military enlisted jobs and piloting aircraft. This paper examined the
relationship between performance on a spatial ability task (i.e., the Mental Rotation Test) and
flight training performance for 1,939 United States Air Force Undergraduate Pilot Training
(UPT) candidates. Performance on the Mental Rotation Test was not related to completion of
training, but was related to a recommendation for specialized training after UPT. Pilot candidates
who made quick, consistent, and accurate judgments were more likely to be recommended for
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fast-jet training (Fighter-Attack-Reconnaissance or FAR). This was consistent with the current
practice of selecting the best-performing student pilots for follow-on training in FAR aircraft.

Carretta, T. R. (1987). Time-Sharing Ability as a Predictor of Flight Training Performance.

Brooks AFB, TX: Air Force Human Resources Laboratory.

Modern-day pilots must perform a variety of activities concurrently. In addition to flying
the aircraft, they must monitor the communications channels and instrument panel and also
navigate. As a result, the ability to allocate attention to different tasks effectively or "time share"
is crucial for a safe, well-executed flight. A compensatory tracking and signal detection dual-task
was administered to 1,130 United States Air Force pilot training candidates prior to entry into
Undergraduate Pilot Training (UPT). Tracking performance was extremely reliable. Although
performance on this task was not predictive of successful completion of UPT it was related
significantly to a post-UPT advanced training recommendation. This task may be useful when it
is desirable to place pilot candidates into specialized training tracks at an early point in training.

Carretta, T. R. (1988). Cross-validation of an experimental pilot selection and classification test
battery. Paper presented at the 30th Annual Military Testing Association Conference,
Arlington, VA.

Carretta, T. R. (1988). Relationship of encoding speed and memory tests to flight training
performance. Brooks Air Force Base, TX: Air Force Human Resources Laboratory.

The demands on the cognitive/perceptual abilities of military pilots have increased
steadily as aircraft have become more sophisticated. The ability to encode and classify signals
and to retrieve information from short-term memory are two of the several cognitive/perceptual
abilities that have been linked to flying performance. Two tests, Encoding Speed (encoding and
classification ability) and Immediate/Delayed Memory (short-term memory retrieval), were
administered to 2,219 United States Air Force pilot candidates prior to entry into Undergraduate
Pilot Training (UPT). Performance on the Encoding Speed test was related to successful
completion of UPT, in-flight performance measures, and advanced training assignment.
However, scores on the Immediate/Delayed memory test were not related to training
performance. Pilot candidates who made quick on accurate responses on the Encoding Speed test
were more likely to perform well on in-flight performance measures and be recommended for
post-UPT training in a fast-jet (Fighter-Attack-Reconnaissance) aircraft. Implications for pilot
selection and classification are discussed.

Carretta, T. R. (1988). USAF pilot selection and classification systems. Paper presented at the
Psychology in the Department of Defense Conference.

Carretta, T. R. (1989). Recent Trends in USAF Pilot Selection and Classification Research.
Paper presented at the 31st Annual Military Testing Association Conference, San
Antonio, TX.

Carretta, T. R. (1989). USAF pilot selection and classification systems. Aviation, Space, and
Environmental Medicine, 60(1), 46-49.
The purpose of this study was twofold: (1) to identify research methodologies (i.e., the
Basic Attributes Test; BAT) that add to the predictive validity of currently used pilot selection
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procedures; and (2) to determine how accurately the recommendations made by the Advanced
Training Recommendation Board (ATRB; fighter/non-fighter) could be duplicated without using
flight training performance data. Four hundred seventy-eight USAF officer candidates from the
AFROTC and OTS who had been tested on the BAT participated. Subjects had already been
chosen for Undergraduate Pilot Training (UPT) based on their Air Force Officer Qualifying Test
(AFOQT) scores. The AFOQT is a paper and pencil battery that consists of 16 subtests and
produces five composite scores and the BAT consists of 12 computer-administered tests that
measure psychomotor skills as well as a variety of cognitive abilities, perceptual abilities,
personality and attitudinal characteristics. Three regression models were evaluated against UPT
final outcome and ATRB recommendations: (1) Model I included AFOQT Pilot and Navigator-
Technical composite percentile scores along with the number of times the AFOQT was taken by
the subject; (2) Model 11 included scores from the BAT subtests; and (3) Model I1I combined
the first two models. Results showed that Model I was significantly related to both UPT (R = .17,
p <.01)and ATRB (R =.17, p <.05). Subjects who took the AFOQT only once were more
likely to complete UPT successfully and to be recommended for follow-on training with fighter
aircraft (FAR). The results for Model I1 showed that of the BAT tests, the two psychomotor
skills tests demonstrated the strongest relationship to UPT (R = .26, p <.01), however, they were
only marginally related to ATRB (R =.16, p <.10). The cognitive/perceptual abilities subtests
were also significantly related to UPT and ATRB. For the personality/attitudinal subtests, results
showed that those subjects who were more cautious on the test of self-confidence (Self-crediting
Word Knowledge) and chose fewer high risk activities were more likely to complete UPT, but
these tests were not related to ATRB. Finally, the results for Model III showed the strongest
relationships to the criteria (UPT, R = .50, p <.01; ATRB, R = .44, p <.05), but some of the
variables did not contribute at all. Thus, stepwise regression was used to develop a simpler
model. The AFOQT scores were entered first, followed by the remaining 39 variables. The final
model contained 11 variables from 8 different tests. These variables included the AFOQT, both
psychomotor tests, 3 of the cognitive perceptual abilities tests (Encoding Speed, Item
Recognition and Time Sharing) and 2 of the personality/attitudinal tests (S-CWK, AIl) (R = .31,
p <.01). The author recommends using AFOQT and BAT scores to both classify and select
students for UPT and advanced flight training.

Carretta, T. R. (1990). Basic Attributes Test (BAT): A Preliminary Comparison Between
Reserve Officer Training Corps (ROTC) and Officer Training School (OCS) Pilot
Candidates. Brooks AFB, TX: Air Force Human Resources Laboratory.

The Basic Attributes Test (BAT) battery is a set of computer-administered personnel tests
designed to assess a broad range of attributes believed to be related to flying training
performance. The original battery consisted of 15 tests that measured psychomotor coordination,
cognitive and perceptual abilities, and personality and attitudinal characteristics. This report
focuses on the development of interim score profiles for eight of the BAT tests for Reserve
Officer Training Corps (ROTC) and Officer Training School (OTS) pilot candidates.
Comparisons between the two groups indicate that although the OTS group consistently scored
higher on the Air Force Officer Qualifying Test (AFOQT) than did the ROTC group, the two
groups scored very similarly on the BAT battery. A factor analysis was performed to provide
insight into the ability domains assessed by the BAT battery. The six factors that emerged
suggest that the eight tests are fairly independent. Finally, research regarding the utility of the
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BAT battery for pilot selection and classification is reviewed briefly and suggestions are made
regarding future development of the test battery.

Carretta, T. R. (1990). Cross-Validation of Experimental USAF Pilot Training Performance

Models. Brooks AFB, TX: Air Force Human Resources Laboratory.

A series of studies have indicated that individual differences in hand-eye coordination,
information processing ability, personality and attitudes are related to USAF pilot training
performance. The current investigation was designed to cross-validate these results. Eight
hundred eighty-five (885) USAF Undergraduate Pilot Training (UPT) students were divided
randomly into two groups. Pilot selection models that used a combination of Air Force Officer
Qualifying Test (AFOQT) and Basic Attributes Test (BAT) battery scores were developed
independently for each group and then cross-validated with the other group. In the model
development phase, subjects with good hand-eye coordination who made quick decisions were
more likely to complete UPT successfully in both groups. Although there was some reduction in
the validity coefficients in the crocs-validation phase, the selection models were related
significantly to UPT final outcome in both groups. These results suggest that the AFOQT/BAT
pilot selection models are sufficiently robust to be used as adjuncts to operational USAF pilot
trainee selection procedures.

Carretta, T. R. (1991). Comparison of Experimental U.S. Air Force and Euro-NATO Pilot

Candidate Selection Test Batteries. Brooks AFB, TX: Armstrong Laboratory.

Air Force personnel from several countries currently are evaluating computerized test
batteries as an adjunct to current pilot candidate selection procedures. This paper describes and
compares proposed U.S. Air Force (USAF) and Euro-NATO Aircrew Selection Working Group
(ACSWQ) pilot candidate selection test batteries. A validation strategy for the ACSWG test
battery is described that focuses on test item analyses (e.g., evaluating internal consistency),
evaluation of test scoring procedures, evaluation of test battery factor structure, and evaluation of
test scores against training performance criteria.

Carretta, T. R. (1991). Short-term test-retest reliability of an experimental version of the BAT:
AL Technical Report -1991-0001.

Carretta, T. R. (1992). Predicting pilot training performance: Does the criterion make a
difference? Brooks Air Force Base, TX: Armstrong Laboratory.

The purpose of this study was to examine different procedures for generating
performance criteria in order to: (a) reflect the relative quality of USAF pilot candidates based on
flying performance scores and academic grades; and (b) evaluate the utility of these criteria for
improving the understanding of the relationship between selection test scores and training
performance. Seven hundred fifty-five USAF students between the ages of 21 and 31 years old
who were completing Undergraduate Pilot Training (UPT) participated. Each subject had been
administered the Air Force Officer Qualifying Test (AFOQT) and the Basic Attributes Test
(BAT) prior to entry into UPT (subjects had already been chosen, in part, on the basis of their
AFOQT scores). The AFOQT battery consists of 16 subtests that assessed 5 ability domains:
verbal, quantitative, spatial, perceptual speed and aircrew interests/aptitude. Fourteen of the 16
subtests were used to compute the Pilot and Navigator-Technical composite scores used in the
selection of pilot candidates. The BAT consists of 8 computerized tests that assessed individual
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differences in psychomotor coordination (rotary pursuit, stick and rudder, compensatory
tracking), information processing ability (reasoning, spatial transformation, short-term memory,
perceptual speed), personality (self-confidence) and attitudes toward risk-taking. A variety of
performance criteria were examined: (1) UPT final outcome (pass/fail); (2) academic grades; (3)
daily flying grades; (4) check flight grades; and (5) number of flying hours. The Air Training
Command (ATC) uses a weighted evaluation score based on three phases: Phase I (academic),
Phase II (T-37, flying performance grades), and Phase III (T-38, flying performance grades).
Several different equations were developed each dealing with the eliminees in a different way.
Generally speaking, the rankling of the candidates was nearly identical for equations based on all
of the criteria. For pilot training candidates, the criterion used did not make a difference as to
who would have been selected. Additionally, alternative criteria demonstrated little utility for
understanding the relationship between preselection personnel test scores and training
performance. However, the rankings generated from the weighted evaluation scores were shown
to be closely related to advanced training recommendations (fighter vs. nonfighter aircraft).

Carretta, T. R. (1992). Recent developments in U.S. Air Force pilot selection and classification.

Aviation, Space, and Environmental Medicine, 63(12), 1112-1114.

This article discusses the implementation of a new system for classifying pilots. At the
time this article was written, Air Force pilots were selected using a positively weighted
composite of the following measures: the AFOQT pilot composite, composite psychomotor
response speed scores from Mental Rotation (spatial transformation) and Item Recognition
(short-term memory), tracking difficulty from Time Sharing, response speed and response choice
from Activities Interest Inventory (attitudes toward risk) and previous flying experience. The Air
Force had proposed to implement the Pilot Selection and Classification System (PSACS) which
would change the process by which pilot candidates are selected and classified. The first plan
was to replace Undergraduate Pilot Training (UPT) with Specialized Undergraduate Pilot
Training (SUPT), which would classify pilot candidates into one of four major weapon systems
categories (bomber, fighter, tanker or transport aircraft) using the AFOQT and the BAT. This
plan was revised and classification into SUPT was to occur at the completion of T-37 training
and be based on T-37 flying and academic performance, pilot candidate preferences and aircraft
availability. The new plan included the Pilot Candidate Selection Method (PCSM), which
includes the Pilot and Navigator-Technical AFOQT composites, BAT psychomotor scores,
biographical information, information processing and personality measures. In a sample of 1,112
U.S. Air Force UPT students, the regression of these scores onto UPT final outcome (pass/fail)
was .31. The author described this as a significant improvement in operational suitability. This
system was scheduled to be operationally implemented by 1992.

Carretta, T. R. (1992). Short-term retest reliability of an experimental U.S. Air Force pilot

candidate selection test battery. International Journal of Aviation Psychology, 2(3), 161-

173.

Two hundred forty-seven U.S. Air Force pilot candidates commissioned through the Air
Force Reserve Officer Training Corps were tested on an experimental form of the Basic
Attributes Test (BAT) battery twice on consecutive days at the beginning of a flight screening
program. The purpose of this study was to examine the short-term retest reliability of the BAT
battery. There was a moderate correlation between subjects' first and second administration test
composites (Pearson r = .56, Spearman r = .55). The magnitude of the retest correlations may
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have been underestimated due to reduced test length and preselection of subjects on operational
selection instruments. Implications for an operational retest policy and for a planned
measurement and metric equivalency study are discussed.

Carretta, T. R. (1992). Understanding the relations between selection factors and pilot training
performance: Does the criterion make a difference? International Journal of Aviation
Psychology, 2, 95-106.

Carretta, T. R. (1995). What is Measured and What is Predictive in USAF Pilot Selection Tests?
Paper presented at the 37th Annual International Military Testing Association
Conference, Toronto, ON, Canada.

Carretta, T. R. (1996). Air Force Officer Qualifying Test Retest Performance. Paper presented at
the 38th Annual International Military Testing Association Conference, San Antonio,

TX.

The Air Force Officer Qualifying Test (AFOQT) is a multiple aptitude battery used to
select applicants for U. S. Air Force (USAF) officer commissioning programs and to classify
commissioned officers into aircrew training programs. Its factor structure has been studied
(Carretta & Ree, 1996), it has been validated for pilot and navigator training (Arth, Steuck,
Sorrentino, & Burke, 1990; Carretta & Ree, 1995a; Olea & Ree, 1994), and group differences
have been examined (Carretta, in press; Carretta & Ree, 1995b; Roberts & Skinner, 1995).
Current Air Force policy allows applicants to test twice on the AFOQT (one retest). The
minimum retest interval is six months, but a retest may occur after several years. Additional
retests can be and are granted, but require a waiver. Only the latest scores are reported to officer
and aircrew selection boards and the boards are not informed whether the score is a retest.
Although the current form (or its equivalent) of the AFOQT has been in use since 198 1, little
research has been done to examine its retest characteristics (i.e., score changes, reliability,
validity). Arth (1986) examined score changes and retest reliability for the operational
composites in a sample of 2,246 USAF officer applicants. He observed that retesters® first-test
scores were lower than those who tested only once. Arth also observed score gains for all
composites and retest reliabilities between .775 and .880. However, he did not examine score
changes or retest reliability for the 16 AFOQT tests, nor did he examine the predictive validity of
first versus retest scores for pilot trainees. The purpose of this study was to examine retest mean
score performance and retest reliability on the AFOQT composites and tests and to evaluate
alternative methods for handling retest scores. Estimating the stability of test performance over
time is important because it establishes an upper limit on the amount of agreement that can be
expected on a retest and may provide insight about the interpretation of retest scores relative to
first-test scores. Examining the predictiveness of first and retest scores may help to inform policy
in the use of retest scores for pilot selection.

Carretta, T. R., Perry, D.C. and Ree, M.J. (1996). Prediction of situational awareness in F-15
pilots. International Journal of Aviation Psychology, 6(1), 12-41.

Carretta, T. R. (1996). Preliminary validation of several US Air Force computer-based cognitive
pilot selection tests. Brooks Air Force Base, TX: Armstrong Laboratory.
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Carretta, T. R. (1997). Group differences on U.S. Air Force pilot selection tests. Brooks Air
Force Base, TX: Armstrong Laboratory.

Carretta, T. R. (1997). Group differences on US Air Force Pilot Selection Tests. International
Journal of Selection and Assessment, 5(2), 115-127.

Carretta, T. R. (1997). Male-female performance on U.S. Air Force pilot selection tests.

Aviation, Space, and Environmental Medicine, 68(9), 818-823.

Summarizes several studies of sex-differences in responses on Air Force pilot selection
tests and in training performance. Reviews the predictive utilities of selection instruments and
their ability structures and contribution of flying knowledge to training performance.
Confirmatory factor analyses indicate that the same factors are measured for both sexes, although
scores may be different. No evidence of predictive bias was found.

Carretta, T. R. (2000). U.S. Air Force pilot selection and training methods. Aviation, Space, and

Environmental Medicine, 71(9), 950-956.

Changes in U.S. Air Force (USAF) pilot selection and training procedures have occurred
in the last 5 years, including utilization of computer-based testing techniques to measure pilot
aptitude. Training procedures have changed to provide more specialized training earlier in the
training cycle. A recent study suggests that the information derived from testing is often ignored
by pilot candidate selection boards. The largest sources of USAF pilot trainees rely on measures
of officership for selection decisions. USAF pilot selection decisions could be improved by
making better use of personnel attribute data. Further improvements could be gained from a
structured selection interview and measures of personality.

Carretta, T. R. (2000). U.S. Air Force Pilot Selection and Training Methods. Wright-Patterson
Air Force Base, TX: Air Force Research Laboratories.
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Carretta, T. R. (2005). Development and Validation of the Test of Basic Aviation Skills (TBAS).
In 1993, the Pilot Candidate Selection Method (PCSM) was operationally implemented
as an adjunct to US Air Force pilot training selection methods. PCSM combined the Air Force
Officer Qualifying Test (AFOQT) Pilot composite scores from the Basic Attributes Test (BAT)
and a measure of prior flying experience in a regression-weighted pilot aptitude composite. Since
1993, neither the BAT hardware nor software have been updated. As with all aptitude tests, it is
desirable to update test content at regular intervals to keep it current and avoid potential
problems such as test compromise. In the case of computer-based tests such as the BAT, it is also
desirable to update test hardware and software to avoid problems associated with normal wear to
the system (e.g., calibration of the control sticks, functioning of input devices) and to take
advantage of advances in computer hardware and software. The Test of Basic Aviation Skills
(TBAS) was developed as a candidates BAT replacement test in the PCSM equation. The
purpose of this report is to document the TBAS development process and report results of a
study of its validity and incremental validity versus measures of pilot training performance when
used with other operational measures of pilot aptitude (i.e., AFOQT), prior flying experience).
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Carretta, T. R. (2006). Evaluation of Adverse Impact for US Air Force Officer and Aircrew
Selection Tests. Wright-Patterson Air Force Base, OH: Air Force Research Laboratory.
Adverse impact issues have posed a challenge to military personnel selection. The

purpose of the current study was to examine group differences in performance on tests used to

qualify applicants for US Air Force officer commissioning and aircrew training programs. In
particular, the impact of raising minimum qualifying scores on selection ratios for majority and
minority groups was examined. Results indicated that strict application of the current minimum
qualifying standards, along with top-down selection of qualified applicants, would lead to
adverse impact for females and racial/ethnic minorities for both officer commissioning and
aircrew training programs. Future test development should focus on the identification of tests
that preserve the predictive validity of USAF personnel selection tests while minimizing
subgroup differences. Reduction of adverse impact across all subgroups is a challenging issue.

Sometimes changes in test content or the addition of a new test may reduce adverse impact for

one subgroup but worsen it for another. Setting low minimum qualifying scores allows a greater

range of applicants to be considered for training or job opportunities, but may adversely affect
organizational performance (i.e., increase training requirements, reduce job performance).

Minimum qualifying scores should be based on empirical research (e.g., job analysis) identifying

the ability requirements for successful performance of the jobs being targeted.

Carretta, T. R., & Doub, T. W. (1998). Group differences in the role of g and prior job
knowledge in the acquisition of subsequent job knowledge. Brooks Air Force Base, TX:
Air Force Research Laboratory.

Carretta, T. R., & King, R. E. (2008). Improved military air traffic controller selection methods
as measured by subsequent training performance. Aviation, Space, and Environmental
Medicine, 79(1), 36-43.

INTRODUCTION: Over the past decade, the U.S. military has conducted several studies
to evaluate determinants of enlisted air traffic controller (ATC) performance. Research has
focused on validation of the Armed Services Vocational Aptitude Battery (ASVAB) and has
shown it to be a good predictor of training performance. Despite this, enlisted ATC training and
post-training attrition is higher than desirable, prompting interest in alternate selection methods
to augment current procedures. The current study examined the utility of the FAA Air Traffic
Selection and Training (AT-SAT) battery for incrementing the predictiveness of the ASVAB
versus several enlisted ATC training criteria. METHOD: Subjects were 448 USAF enlisted ATC
students who were administered the ASVAB and FAA AT-SAT subtests and subsequently
graduated or were eliminated from apprentice-level training. Training criteria were a
dichotomous graduation/elimination training score, average ATC fundamentals course score, and
FAA certified tower operator test score. RESULTS: Results confirmed the predictive validity of
the ASVAB and showed that one of the AT-SAT subtests resembling a low-fidelity ATC work
sample significantly improved prediction of training performance beyond the ASVAB alone.
DISCUSSION: Results suggested training attrition could be reduced by raising the current
ASVAB minimum qualifying score. However, this approach may make it difficult to identify
sufficient numbers of trainees and lead to adverse impact. Although the AT-SAT ATC work
sample subtest showed incremental validity to the ASVAB, its length (95 min) may be
problematic in operational testing. Recommendations are made for additional studies to address
issues affecting operational implementation.
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Carretta, T. R., & Ree, M. J. (1993). Basic Attributes Test (BAT): Operational pre-
implementation analysis and score equating. Brooks Air Force Base, TX: Armstrong
Laboratory.

Carretta, T. R., & Ree, M. J. (1993). Basic Attributes Test (BAT): Psychometric equating of a
computer-based test. International Journal of Aviation Psychology, 3, 189-201.

Carretta, T. R., & Ree, M. J. (1993). Pilot Candidate Selection Method (PCSM): What Makes It

Work? Brooks AFB, TX: Armstrong Laboratory.

A sample of 678 Air Force pilot training candidates were tested with a paper-and pencil
aptitude battery and computer-administered tests of psychomotor skills, information processing,
and attitude toward risk. A self report of flying experience was also collected. These data were
used in regression analyses to determine which variables provided the best prediction of two
flying criteria, passing-failing flying training and class ranking at the end of flying training. The
paper-and-pencil tests were found to be the best predictors. The measures of flying experience,
psychomotor skills, and altitude toward risk incremented the prediction of the criteria.
Information processing was not found to be incremental to the other variables in the prediction of
the criteria.

Carretta, T. R., & Ree, M. J. (1993). Validity of the Air Force Officer Qualifying Test for
predicting pilot training performance. Paper presented at the 35th Annual Military
Testing Association Conference, Williamsburg, VA.

The U.S. Air Force has used the same fundamental approach for the selection of pilots for
over 35 years. Included among the selectors is the Air Force Officer Qualifying Test (AFOQT)
which is comprised of 16 tests. Although the AFOQT has been used for officer commissioning
and aircrew selection since 1957, few studies have examined its validity for predicting pilot
training performance since 1966. The current study validated the AFOQT tests for five pilot
training criteria. Subjects were 7,563 men and women selected for pilot training on the basis of
educational attainment, academic major, and AFOQT scores. Criterion variables included daily
flying grades and check flight grades in subsonic and transonic aircraft, and overall academic
performance in the 53 week pilot training course. The criteria showed low to moderate
correlations with each other. Test validities were presented in range-restricted form and were
corrected for multivariate range restriction. The Arithmetic Reasoning test was most predictive
of academic success. The Aviation Information and Instrument Comprehension tests were most
predictive of daily and check flights in the initial jet aircraft. The Scale Reading test was most
predictive for daily and check flights in the advanced training aircraft. The average validity of
the tests in the operational composite used to select pilots was found to be .19 and the average of
the eight most valid tests for pilot selection was .21.

Carretta, T. R., & Ree, M. J. (1994). Pilot-Candidate Selection Method: Sources of Validity.

International Journal of Aviation Psychology, 4(2), 103-117.

Six hundred seventy-eight Air Force pilot training candidates were tested with a paper-
and-pencil aptitude battery and computer-administered tests of psychomotor skills, information
processing, and attitude toward risk. A self-report of flying experience was also collected. These
data were used in regression analyses to determine which variables provided the best prediction
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of two flying criteria: pass-fail flying training, and class rank at the end of flying training. The
paper-and-pencil tests were found to be the best predictors. The measures of flying experience,
psychomotor skills, and attitude toward risk incremented the prediction of the criteria above the
prediction provided by the paper-and-pencil tests by 23%. Computer-administered information-
processing measures were not found to be incremental to the other variables in the prediction of
the criteria.

Carretta, T. R., & Ree, M. J. (1995). Air force officer qualifying test validity for predicting pilot

training performance. Journal of Business and Psychology, 9(4), 379-388.

The AFOQT was validated for the prediction of pilot training criteria. Subjects were
7,563 men and women selected for pilot training on the basis of educational attainment and
AFOQT scores. Criterion variables included daily flight training grades, check flight grades in
subsonic and transonic aircraft, and overall academic performance in the 53 week pilot training
course. Test validities were presented as observed, corrected for multivariate range restriction,
and corrected for multivariate range restriction and unreliability. The Aviation Information and
Instrument Comprehension tests, measures of job knowledge, were most predictive of daily and
check flights in the initial subsonic jet aircraft. This reflects the relative greater importance of
prior job knowledge early in training. The Scale Reading test, a measure of perceptual speed,
was most predictive for daily and check flights in the advanced transonic training aircraft. The
Arithmetic Reasoning test, a good measure of general cognitive ability, was most predictive of
aeronautics in ground school. The development of an improved pilot selection composite is
suggested by the results of the validity analyses.

Carretta, T. R., & Ree, M. J. (1996). Factor structure of the Air Force Officer Qualifying Test:

Analysis and Comparison. Military Psychology, 8(1), 29-42.

The Air Force Officer Qualifying Test (AFOQT) is used to qualify men and women for
commissions in the Air Force, classify them for pilot and navigator jobs, and award Reserve
Officer Training Corps (ROTC) scholarships. Despite more than three decades of use, little
published literature exists outside of Air Force technical reports, which do not receive wide
distribution. One of the most important details about a test battery is which factors it measures.
To determine this, several factor models were tested with structural equations. Most of the
models were hierarchical with general cognitive ability (g) as the highest factor. A model with
hierarchical g and the five lower order factors of verbal, math, spatial, aircrew, and perceptual
speed fit the data best. The factor structure of the AFOQT was compared to the factor structure
of the Armed Services Vocational Aptitude Battery (ASVAB), the enlistment qualification test
battery. The AFOQT was found to contain a greater number of factors than did the ASVAB.
Given the confirmed AFOQT factor structure, four methods of increasing its validity are
proposed and discussed. These methods are increasing reliability of the tests, increasing the g
saturation, adding job knowledge tests, and adding additional valid factors.

Carretta, T. R., & Ree, M. J. (1996). US Air Force pilot selection tests: What is measured and
what is predictive? Aviation, Space, and Environmental Medicine, 67(3), 279-283.

Carretta, T. R., & Ree, M. J. (1997). The best retest is the average: Findings and implications.
Brooks Air Force Base, TX: Armstrong Laboratory.
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abilities. International Journal of Selection and Assessment, 5(3), 149-157.

A study was conducted to expand the nexus of cognitive and psychomotor abilities. A
cognitive aptitude battery and a psychomotor battery were administered to 429 military recruits.
A confirmatory factor analysis yielded higher-order factors of general cognitive ability (g) and
psychomotor/technical knowledge (PM/TK). PM/TK was interpreted as Vernon's (1969)
practical factor (k:m). In the joint analysis of these batteries, g and PM/TK each accounted for
about 31% of the common variance. No residualized lower-order factor accounted for more than
7% PM/TK influenced a broad range of lower-order psychomotor factors. The first practical
implication of these findings is that psychomotor tests are expected to be at least generally
interchangeable. A second implication is that the incremental validity of psychomotor tests
beyond cognitive tests is expected to be small. These findings should help guide test developers
and inform personnel selecting agencies regarding the expected utility of psychomotor tests.

Carretta, T. R., & Ree, M. J. (1997). Factor Structures of the Air Force Officer Qualifying Test:
Analysis and Comparison. Brooks AFB, TX: United States Air Force Research
Laboratory.
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Carretta, T. R., & Ree, M. J. (1997). Negligible sex differences in the relation of cognitive and
psychomotor abilities. Personality and Individual Differences, 22(2), 165-172.
Comparisons of cognitive and psychomotor aptitude factor structure were made for

samples of men and women. The factor model was previously confirmed. It included two higher-

order factors representing general cognitive ability (g) and psychomotor/technical knowledge

(PM/TK) as well as 10 lower-order cognitive and psychomotor factors. All cognitive and

psychomotor tests contributed to the factor representing g. The PM/TK factor was interpreted as

representing Vernon's (1969) practical factor (km). The model showed acceptable fit for both

sexes. The proportion of total and common variance accounted for by the higher-order factors
and lower-order factors were similar for men and women. Confirmatory factor techniques that
imposed statistical constraints tested if the factor loadings were the same for both groups.

Although some of the differences in loadings were statistically significant, they were small in

magnitude (0.05 or less). The most notable differences occurred for the loadings of two technical

knowledge tests on g and for a single psychomotor tests on PM/TK. All three tests had higher
loadings for men than for women. Correlations between factor loadings for men and women
approached r = I.P. These results are consistent with previous research supporting the near
identity of ability structure for men and women.

Carretta, T. R., & Ree, M. J. (1998). Factor structure of the Air Force Qualifying Test: Analysis
and comparison. Brooks Air Force Base, TX: United States Air Force Research
Laboratory.

Carretta, T. R., & Ree, M. J. (1999). Pitfalls of ability research in aviation psychology. Wright-

Patterson Air Force Base, TX: U.S. Air Force Research Laboratory.
Ability research in aviation psychology can be fraught with pitfalls that lead to
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inappropriate conclusions . We identify several issues that lead to potential misinterpretation of
results and suggest corrective solutions . These issues include lack of construct validity of the
measures, misinterpretation of correlations and regression weights, lack of statistical power,
failure to estimate cross-validation effects, and misinterpretation of factor analytic results.

Carretta, T. R., & Ree, M. J. (2000). Pilot Selection Methods. Wright-Patterson AFB, OH:
United States Air Force Research Laboratory.

Carretta, T. R., Ree, M. J., & Callister, J. D. (1999). Factor Structure of the Cogscreen-
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S. Tsang & M. A. Vidulich (Eds.), Principles and Practice of Aviation Psychology. (pp.
357-396). Hillsdale, NJ: Lawrence Erlbaum Associates.

Carretta, T. R., Retzlaff, P. D., Callister, J. D., & King, R. E. (1998). A comparison of two U.S.
Air Force pilot aptitude tests. Aviation, Space, and Environmental Medicine, 69(10), 931-
93s.

BACKGROUND: The Air Force Officer Qualifying Test (AFOQT) and
Multidimensional Aptitude Battery (MAB) were administered to 2233 U.S. Air Force pilot
candidates to investigate the common sources of variance in those batteries. The AFOQT was
operationally administered as part of the officer commissioning and aircrew selection testing
requirement. The MAB is a clinical test battery and was administered to provide an intellectual
baseline to assist clinicians when it becomes necessary to evaluate pilots with cognitive referral
questions. RESULTS: A joint factor analysis of the AFOQT and MAB revealed that each battery
had a hierarchical structure. The higher-order factor in the AFOQT previously had been
identified as general cognitive ability (g). The intercorrelation between the higher-order factors
from the batteries was 0.981, indicating that both measured g. Although both batteries measured
g and included verbal, spatial, and perceptual speed tests, the AFOQT also included tests of
aviation knowledge not found in the MAB. CONCLUSION: Additional studies are required to
evaluate the utility of the AFOQT for clinical assessment and the MAB for officer and aircrew
selection.

Carretta, T. R., Retzlaff, P. D., & King, R. E. (1997). A tale of two test batteries: A comparison
of the Air Force Officer Qualifying Test and the Multidimensional Aptitude Battery.
Mesa, AZ: Armstrong Laboratory.

Carretta, T. R., Rodgers, M. N., & Hansen, 1. (1993). The Identification of Ability Requirements
and Selection Instruments for Fighter Pilot Training. Brooks AFB, TX: Armstrong
Laboratory.

Forty-three experienced fighter pilots from Canada, Norway, and the United States

served as subject matter experts (SMEs) in an effort to determine the relative importance of 27

personnel characteristics for fighter pilot performance. Inter-rater reliability estimates indicated

an acceptable level of agreement for SMEs within each country and between pairs of countries
regarding the relative importance of the 27 characteristics. Because there was sufficient
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agreement among SMEs from the three countries, the average ranking of the 27 characteristics
was calculated. Based on these results, aviation psychologists from Canada, Denmark, the
Netherlands, Norway, United Kingdom, and the United States reviewed selection instruments
currently in use in NATO member countries, to identify the most promising selection
instruments for inclusion in a computer-based fighter pilot test battery. Their recommendations
are summarized in the paper.

Carretta, T. R., & Siem, F. M. (1988). Personality, Attitudes, and Pilot Training Performance:
Final Analysis. Brooks AFB, TX: Air Force Human Resources Laboratory.

Carretta, T. R., Siem, F. M., & Kantor, J. E. (????). Selection and classification of Air Force
pilot candidates.

Carretta, T. R., & Walters, L. C. (1991). The Development of Behaviorally Anchored Rating

Scales (BARS) for Evaluating USAF Pilot Training Performance. . Brooks Air Force

Base, TX: Armstrong Laboratory.

The purpose of this study was to develop Behaviorally Anchored Rating Scales (BARS)
which could be used by instructor pilots (IPs) to evaluate their students on eight personality
characteristics considered important to flying fighter-type aircraft. IPs generated behavioral
examples which reflected good, average, and poor job behaviors for each personality dimension.
These job behaviors were randomized and presented to another group of IPs who tried to match
each behavior with the personality characteristic it best represented. The IPs demonstrated
sufficient agreement to develop BARS for four of the eight personality characteristics
(achievement motivation, assertiveness, cooperativeness, and stress tolerance). The behavioral
examples generated for the retained personality characteristics were evaluated for their use as
scale anchor points. Several uses of BARS in the flying training environment were discussed.

Carretta, T. R., Walters, L. C., & Siem, F. M. (1991). Personality assessment in proposed USAF
pilot selection and classification systems. Paper presented at the 6th International
Symposium on Aviation Psychology, Columbus, OH.

These authors note that since 1955 the United States Air Force (USAF) has employed
essentially the same basic approach to selecting pilot candidates. This paper describes proposed
changes to this selection process. The two major changes in the system were: (1) converting from
a generalized undergraduate pilot training WPT) system to a specialized undergraduate pilot
training (SUPT) system; and (2) classifying candidates into one of two major weapon system
categories (bomber/fighter or tanker/transport) after completing T-37 training. Broadly, this
proposed Pilot Selection and Classification System (PSACS) consists of two types of
methodologies. The first methodology relies on a computerized test device (the Basic Attributes
Test [BAT]) to measure individual differences in hand-eye coordination, information processing
ability, personality and attitudes. The BAT currently has four subtests that measure personality.
Two of these tests (Self-crediting Word Knowledge and ABCD Working Memory) are
considered cognitive ability tests that include performance-based personality measures (e.g., self
confidence). The other two tests (Activities Interest Inventory and Aircrew Personality Profiler)
are traditional self-report personality measures. These four personality measures have been
shown to correlate significantly with UPT pass/fail scores, but they have not demonstrated any
incremental validity over cognitive ability measures. The second methodology was a structured
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interview developed by the Air Training Command (ATC) designed to collect three types of
information: (1) background data (e.g., academic experience); (2) motivation and self
confidence; and (3) job-related knowledge. These interview ratings have been shown to be
significantly related to performance in a light aircraft, flight screening program.
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Carretta, T. R., Zelenski, W. E., & Ree, M. J. (2000). Basic Attributes Test (BAT) Retest

Performance. Military Psychology, 12(3), 221-232.

The Basic Attributes Test (BAT) contributes to a U.S. Air Force pilot selection composite
known as the Pilot Candidate Selection Method (PCSM). When PCSM was operationally
implemented in 1993, no retests were permitted on the BAT. To determine the effects of
retesting on mean score change and reliability, the BAT was administered to 477 college
students who were then retested after 2 weeks, 3 months, or 6 months. Several important findings
were observed. First, about 70% of the students exhibited score improvement on retest,
regardless of length of retest interval. Those who performed poorly on the 1st test generally
exhibited larger improvements than those who performed well on the 1st test. Second, practice
effects diminished as the length of the retest interval increased. For a 6-month retest interval, it
was expected that the mean increase in PCSM scores would be about 6 percentile points. The
results suggest that BAT retests could be permitted no less than 6 months after initial testing.
Third, and very important, BAT scores demonstrated acceptable reliability. The reliability of the
psychomotor composite ranged from .775 to .800, and the reliabilities for the other subtests
ranged from .474 to .871.
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This battery of 50 group and 11 individual tests, yielding 124 separate scores, was
administered to 1,012 aviation cadets and student officers on entering pilot training at Greenville
Air Force Base, Miss., between April 1951 and July 1952. The composition and rationales of the
tests and the results of 2 independently computed and rotated factor analyses, one on 500 cases
and the second on 250 cases, are presented. 16 personality factors, matched in the 2
factorizations, were extracted and provisionally interpreted.
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This paper presents the validation of RSAF‘s computerised aptitude test battery to flying
training outcome. A sample of 990 pilot applicants were administered the battery of aptitude
tests, and tracked until they completed flying training in a predictive model. Tests include hand-
eye-foot coordination, system operations and reasoning. Multiple regression showed significance
(F(5,984) = 29.00, R* = .13, R = .36, p<.001) of the composite in predicting pass/fail flying
training. Norms were developed using standard deviation of the sample, leading to a
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data, yielding a prediction of pass rate for each band of applicants. This allowed RSAF to
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ensuring technical expertise, and new efforts highlight attitudes associated with crew
coordination, personality factors have been relatively unexplored. Further, it is argued that past
failures to find linkages between personality and performance were due to a combination of
inadequate statistical modeling, premature performance evaluation, and/or the reliance on data
gathered in contrived as opposed to realistic situations. The goal of the research presented in this
article is to isolate subgroups of pilots along performance-related personality dimensions and to
document limits on the impact of crew coordination training between the groups. Two samples
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profiles were identified through cluster analysis of personality scales. These clusters replicated
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Selection and Classification System (PSACS) that Air Training Command (ATC) plans to have
in place by the 3rd quarter of FY92 to support Specialized Undergraduate Pilot Training (SUPT).
PSACS will improve ATC's ability to measure a pilot applicant's potential for successfully
completing undergraduate pilot training and provide information that can be used for early
aircraft category classification. With the acquisition of 135-200 BATS, ATC will start
decentralized testing of all pilot applicants. The whole person concept will continue to be used
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operational concern for the U.S. Navy. Each late stage navy aviator training failure costs the

taxpayer over $1,000,000 and ultimately results in decreased operational readiness of the fleet.
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which is a series of multiple-choice tests that evaluate basic and aviation-related knowledge and

ability. However, the ASTB does not evaluate a person's response to stress. This is important
because operating sophisticated aircraft demands exceptional performance and causes high
psychological stress. Some people are more resistant to this type of stress, and consequently
better able to cope with the demands of naval aviation, than others.

METHODOLOGY/PRINCIPAL FINDINGS: Although many psychological studies have

examined psychological stress resistance none have taken advantage of the human genome

sequence. Here we use high-throughput -omic biology methods and a novel statistical data
normalization method to identify plasma proteins associated with human performance under
psychological stress. We identified proteins involved in four basic physiological processes:
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CONCLUSIONS/SIGNIFICANCE: The proteins identified here further elucidate the
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pilots may be more prone to shock. This work also provides potential biomarkers for screening
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