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i , PREFACE

J

The United States Air Force Graduate Student Resarch Program (USAF-GSRP) is conducted
under the United Air Force Summer Faculty Research Program.f’!‘hspfoﬁg?'am/;ir_o;ides funds f(;;)
selected graduate students to work at an appropriate Air Force facility with a supervising
professor who holds a concurrent Summer Faculty Research Program appointment or with a
supervising Air Force Engineer/Scientist. This is accomplished by the students being selected
on a nationally advertised competitive basis for a ten-week assignment during the summer
intersession period to perfrom research at Air Force laboratories/centers. Each assignment is in
a subject area and at an Air Force facility mutually agreed upon by the students and the Air
Force. In addition to compensation, travel and cost of living allowances are also paid. The
USAF-GSRP is sponsored by the Air Force Office of Scientific Research, Air Force Systems
Command, United States Air Force, and is conducted by Universal Energy Systems, Inc.

The specific objectives of the 1990 USAF-GSRP are:

@) To provide a productive means for the graduate students to participate in research
at Air Force Laboratories/Centers;

2 To stimulate continuing professional association among the graduate students and
their professional peers in the Air Force;

3 To further the research objectives of the United States Air Force;
4) To enhance the research productivity and capabilities of the graduate students
especially as these relate to Air Force technical interests.
During the summer of 1990, 121-graduate students participated. These researchers were
assigned to 23 USAF laboratories/centers across the country. This three volume document is a
compilation of the final reports written by the assigned students members about their summer

research efforts.




NAME / ADDRESS

Ben Abbott

Vanderbilt University
Electrical Engineering Dept.
Nashville, TN 37240

(615) 343-8302

Gregory Addington

Colorado - Boulder, Univ. of
Campus Box 429,

Dept. of Aerospace Eng.
Boulder, CO 80310

(303) 492-7559

Magna Altamirano

New Orleans, Univ. of
Lakefront

New Orleans, LA 70148
(504) 286-6652

Joseph Baldonado
California State Univ.
Dept. of Mechanical Eng.
Long Beach, CA 90840
(213) 985-5471

Theodore Bapty
Vanderbilt University
Electrical Eng. Dept.
Nashville, TN 37240
(615) 322-3455

Janis Beaird

Alabama, Univ. of

A.B. Moore Hall, Box 870312
Tuscaloosa, AL 35487

(205) 348-6075
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LIST OF 1990 PARTICIPANTS

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:

Assigned:

Degree:
Specialty:

Assigned:

Degree:

Specialty:
Assigned:

MS

Computer Engineering
Arnold Engineering
Development Center

BS
Aerospace Engineering
Frank J. Seiler Research Lab.

BS
Civil Engineering
Flight Dynamics Laboratory

BS
Electrical Engineering
Astronautics Laboratory

BS

Computer Engineering
Armold Engineering
Development Center

MS
Physiology
School of Aerospace Medicine

‘k




NAME / ADDRESS

Joseph Bemardo
Scranton, Univ. of
Chemistry Dept.
Scranton, PA 18510
(717) 961-6286

Laura Bernhofen
Syracuse U.

Crouse-Hinds School of Mgmt.

Syracuse, NY 13210
(315) 475-1418

Ronald Blume

Tennessee, Univ. & Space Inst.

Aerospace Eng. Dept.
Tullahoma, TN 37388
(615) 455-0631

Andrew Bonas
Duke University
Dept. of Civil Eng.
PO Box 4264DS
Durham, NC 27706
(919) 684-1670

George Boynton

Miami, Univ. of

Dept. of Physics,

PO Box 248046

Coral Gables, FL. 33124
(305) 284-2323

Dora Brenner

Auburn University

Dept. of Zoology & Wildlife
Auburn, AL 36830

(205) 844-9245

Thomas Broersma
Texas-Austin, Univ. of
EDB 244

Austin, TX 78712
(512) 471-4285

iii

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

BS
Biochemistry
Engineering & Services Ctr.

MS

Statistics

Human Resources Laboratory
Manpower & Personnel Div.

BS

Aerospace Engineering
Arnold Engineering
Development Center

BS

Civil Engineering
Occupational & Environmental
Health Laboratory

MS
Physics
Armament Laboratory

MS
Chemistry
School of Aerospace Medicine

MS
Arts
School of Aerospace Medicine




NAME / ADDRESS

Joseph Brogan
Scranton, Univ. of
Dept. of Biology
Scranton, PA 18510
(717) 961-6338

Robert Byers

Texas A&M Univ.
Aerospace Eng. Dept.
College Station, TX 77843
(409) 845-0745

Eric Byme

Kansas State Univ.
234 Nichols Hall
Manhattan, KS 66502
(913) 532-6350

Jordan Cahn

Univ. of Tennessee Space Inst.
Dept. of Applied Mathematics
Tullahoma, TN 37388

(615) 455-0631

Ann Canfield

Utah State Univ.

Dept. of Instructional Technology
Logan, UT 84321

(801) 752-1398

Robert Carlin

New York at Buffalo, Univ. of
Mechanical & Aerospace Eng.
Buffalo, NY 14261

(716) 636-4006

Leonard Carter

Boston Univ.

705 Commonwealth Ave.
Boston, MA 02215
(617) 353-5611

iv

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:
Assigned:

BS
Biochemistry
School of Aerospace Medicine

MS
Aerospace Engineering
Astronautics Laboratory

MS
Computer Science
Avionics Laboratory

BS

Aerospace Engineering
Amold Engineering
Development Center

BS

Instructional Technology
Human Resources Laboratory
Training Systems

BS
Aerospace Engineering
Frank J. Seiler Research Lab.

MS
Engineering
Geophysics Laboratory




NAME / ADDRESS

Frank Chavez
Arizona State Univ.

Dept. of Mech. & Aerospace Eng.

Tempe, AZ 85287
(602) 965-3291

Alan Coleman

Indiana Univ. of Pennsylvania
Dept. of Physics Wey. Hall
Indiana, PA 15705

(412) 357-2370

Tammie Confer
Akron, Univ. of
Dept. of Physics
Akron, OH 44325
(216) 375-7078

Rand Conger

Washington S. Univ.

Dept. of Mech. & Materials Eng
Pullman, WA 99163

(509) 332-1622

Brian Cull

Kent State Univ.
Kent Campus

E Main and Lincoln
Kent, OH 44242
(216) 672-2880

Gary Cunning
Colorado-Colorado Spr., Univ. of
PO Box 7150

Colorado Springs, CO 80933
(719) 548-0602

James Day

Kentucky, Univ. of

Dept. of Physics, Room 177
Lexington, KY 40506
(606) 257-1397

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

BS
Aerospace Engineering
Flight Dynamics Laboratory

BS
Physics
Electronic Technology Lab.

BS
Physics
Electronic Technology Lab.

BS
Aerodynamics
Frank J. Seiler Research Lab.

BS
Physics
Materials Laboratory

BS
Electrical Engineering
Frank J. Seiler Research Lab.

BS
Physics
Geophysics Laboratory




NAME / ADDRESS

Melissa Dittmer

New Mexico, Univ. of

Dept. of Physics & Astronomy
Albuquerque, NM 87131
(505) 277-6088

Christina Estep

Virginia Poly. Inst. & S. Univ.
Dept. of Engineering Mechanics
Blacksburg, VA 24060

(703) 951-0563

Joan Estes

St. Mary’s Univ.

1830 Bandera #826

San Antonio, TX 78228
(512) 436-2613

Paul Fayfich
Texas-Austin, Univ. of
College of Education
Austin, TX 78712
(512) 471-5211

Michael Findler
Arizona State Univ.
Computer Science Dept.
Tempe, AZ 85387
(602) 965-3190

James Fitzgerald

New Jersey, S. Univ. of
Dept. of Biology

202 Boyden Hall
Newark, NJ 07102
(201)648-1076

Blaise Fitzpatrick
Rhode Island, Univ. of
Civil and Envir. Eng.
Kingston, RI 02881
(401) 792-2692

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

BS
Physics
Weapons Laboratory

BS

Mechanical Engineering
Aerospace Medical Research
Laboratory

BS
Psychology
Wilford Hall Medical Center

MS

Operations Research

Human Resources Laboratory
Manpower & Personnel Div.

MS
Computer Science
Avionics Laboratory

BS
Biology
School of Aerospace Medicine

BS
Civil Engineering.
Engineering & Services Ctr.




NAME / ADDRESS

Kenneth Fleming
Rensselaer Poly. Inst.
Dept. of Psychology
Troy, NY 12180
(518) 276-6000

Patrick Fourspring
Pennsylvania S. Univ.
211-16 Easterly Parkway
State College, PA 16801
(814) 867-3602

Joan Fuller
Birmingham-Southern College
P O Box 670 BSC
Birmingham, AL 35254
(205) 780-4231

Robert Gabruk

Virginia Poly. Inst.

Dept. of Mechanical Eng.
Blacksburg, VA 24061
(703) 231-7295

Shawn Gaffney
Notre Dame, Univ. of

Dept. of Electrical & Comp. Eng.

Notre Dame, IN 46556
(219) 239-7596

Andrew Galasso
Worcester Poly. Inst.
Dept. of Physics
Worcester, MA 01609
(508) 831-5313

Michael Geer
Pennsylvania State Univ.
Civil Engineering Dept.
State College, PA 16801
(814) 863-0576

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

vil

BS

Psychology

Human Resources Laboratory
Operations Training Division

MS
Structural Engineering
Flight Dynamics Laboratory

BS
Chemistry
Frank J. Seiler Research Lab.

BS
Mechanical Engineering
Aero Propulsion Laboratory

BS
Physics
Weapons Laboratory

BS
Physics
Rome Air Development Ctr.

BS
Civil Engineering
Weapons Laboratory




NAME / ADDRESS

James Golden

Tennessee Space Inst., Univ. of
Dept. of Aerospace Eng.
Tullahoma, TN 37388

(615) 455-0631

Ellen Goldey
Miami Univ.

Dept. of Zoology
Oxford, OH 45056
(513) 529-3184

Randy Gove
Alabama, Univ. of
Dept. of Physics
Huntsville, AL 35899
(205) 895-6276

Thomas Haas
Kentucky, Univ. of
Dept. of Electrical Eng.
Lexington, KY 40502
(606) 257-2943

David Harper

Bowling Green S. Univ.
Dept. of Psychology
Bowling Green, OH 43402
(419) 372-2301

Craig Harwood

North Carolina S. Univ.

Dept. of Civil Eng., 208 Mann
Raleigh, NC 27695

(919) 737-2331

Dollena Hawkins
Tennessee Tech. Univ.
Box 5054 TTU
Cookeville, TN 38505
(615) 372-3441

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: MS 1
Specialty: Computer Science
Assigned: Arnold Engineering

Development Center

Degree: MS ]
Specialty: Zoology
Assigned: Aerospace Medical Research 1

Laboratory

y

Degree: BS
Specialty: Physics p
Assigned: Armament Laboratory
Degree: BS
Specialty: Electrical Engineering q
Assigned: Materials Laboratory
Degree: BS
Specialty: Psychology
Assigned: Aerospace Medical Research

Laboratory H
Degree: BS
Specialty: Civil Engineering
Assigned: Flight Dynamics Laboratory
Degree: BS
Specialty: Mechanical Engineering
Assigned: Amold Engineering

Development Center

viii




NAME / ADDRESS

Gregory Herdt
Denver, Univ. of
Dept. of Engineering
Denver, CO 80208
(303) 871-2102

John Holman

lowa, Univ. of

W35 Seashore Hall
Iowa City, A 52242
(319) 335-2502

Michael Houts
Massachusetts Inst. of Tech.
77 Massachusetts Ave.

Rm. 24-302

Cambridge, MA 02139
(617} 253-3720

Tonia Howe
Wright S. Univ.

Applied Behavioral Science Dept.

Dayton, OH 45435
(513) 873-2089

Johnny Hurtado

Texas A&M Univ.

Dept. of Aerospace Engineering
College Station, TX 77840
(409) 846-9583

Leonard Isaacs
Wyoming, Univ. of
804 University #1
Laramie, WY 82070
(307) 766-4221

Stacey Johnson

Meharry Medical College
944 21st Ave. N. Apt. 109
Nashville, TN 37208
(615) 320-5484

ix

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

Degree:

Specialty:
Assigned:

BS
Materials Science
Astronautics Laboratory

MS

Sociology

Human Resources Laboratory
Manpower & Personnel Div.

BS
Nuclear Engineering
Weapons Laboratory

BS

Psychology

Human Resources Laboratory
Logistics & Human Factors

BS
Aerospace Engineering
Astronautics Laboratory

BS
Mathematics
Armament Laboratory

BS
Biology
Wilford Hall Medical Center




NAME / ADDRESS

Lisa Jones

Meharry Medical College
1005 D.B. Todd Blvd.
Nashville, TN 37208
(615) 327-6000

Susan Jones

St. Mary’s Univ.

One Camino Santa Maria
San Antonio, TX 78284
(512) 436-3011

Christopher Kardish
Florida, Univ. of

300 MEB/CIMAR
Gainesville, FLL 32611
(904) 392-0814

George Kim

Trinity Univ.

715 Stadium Dr.

San Antonio, TX 78284
(512) 736-7231

James Kime

Alabama, Univ. of
Box 870312
Tuscaloosa, AL 35487
(205) 348-6075

Everett King

Alabama, Univ. of
4527 18th Ave. East
Tuscaloosa, AL 35405
(205) 556-1654

John Klinge
Colorado, Univ. of
Campus Box 429
Boulder, CO 80309
(303) 492-7559

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Assigned:

Degree:
Specialty:
Assigned:

BS
Biology
School of Aerospace Medicine

BS
Psychology
Wilford Hall Medical Center

MS
Mechanical Engineering
Engineering & Services Crr.

BS
Biology
School of Aerospace Medicine

BS
Fitness Management
School of Aerospace Medicine

BS

Aerospace Engineering
Amold Engineering
Development Center

BS
Physics
Frank J. Seiler Research Lab.




NAME / ADDRESS

Christopher Kocher
Hlinois, Univ. of
216 Talbot Lab

104 S. Wright St.
Urbana, IL 61801
(217) 333-2322

Thomas Kuchar

Boston Univ.

725 Commonwealth Ave.
Boston, MA 02215
(617) 353-4884

David LaGraffe
Syracuse Univ.

201 Physics Bldg.
Syracuse, NY 13244
(315) 443-5966

Peter LaRose
Northwestern Univ.
2145 Sheridan Rd.
Evanston, IL 60208
(708) 491-7848

John Lair

New Orleans, Univ. of
Dept. of Mech. Eng.
Lake Front Cam

New Orleans, LA 70148
(504) 286-6652

Davis Lange

Arizona, Univ. of
Optical Sciences Center
Tucson, AZ 85721
(602) 621-9104

Richard Lareau
Worcester Poly. Inst.
100 Institute Rd.
Worcester, MA 01609
(508) 831-5000

xi

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: MS

Specialty: Mechanical Engineering
Assigned: Astronautics Laboratory
Degree: MS

Specialty: Physics

Assigned: Geophysics Laboratory
Degree: MS

Specialty: Physics

Assigned: Rome Air Development Ctr.
Degree: BS

Specialty: Mathematics

Assigned: Aero Propulsion Laboratory
Degree: BS

Specialty: Mechanical Engineering
Assigned: Flight Dynamics Laboratory
Degree: BS

Specialty: Electrical Engineering
Assigned: Armament Laboratory
Degree: BS

Specialty: Electrical Engineering
Assigned: Rome Air Development Ctr.




NAME / ADDRESS

James Lasche
(To Be Determined)

Jeffery Layne

Ohio State Univ.

205 Dreese Laboratories
Columbus, OH 43210
(614) 292-2572

Minh Le

Calif.-Long Beach, S. Univ. of
Mechanical Eng. Dept.

Long Beach, CA 90840

(213) 985-4407

Teresa Lee

Western Illinois Univ.
Dept. of Sociology
Macomb, II. 61455
(309) 298-1056

Toby Martin

Illinois, Univ. of

Dept. of Aeronautical Eng.
Champaign, IL 61820
(217) 351-1935

Margo McDowell
Nebraska, University of
Civil Engineering
Lincoln, NE 68588
(402) 472-2354

Michael Montegut
Rensselaer Poly. Inst.
Psychology Dept.
Troy, NY 12180
(518) 276-6472

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

xii

BS
Optics
Weapons Laboratory

BS
Electrical Engineering
Avionics Laboratory

BS
Chemical Engineering
Astronautics Laboratory

MS

Sociology

Aerospace Medical Research
Laboratory

BS
Aeronautical Engineering
Weapons Laboratory

BS
Mechanical Engineering
Materials Laboratory

BS

Psychology

Human Resources Laboratory
Operations Training Divisic




NAME / ADDRESS

John Moore
Texas-Austin, Univ. of
Dept. of Elect. Eng.
3914 Ave D

Austin, TX 78751
(512) 458-9674

Kyle Nash

Alabama, Univ. of
Dept. of Aerospace Eng.
Tuscaloosa, AL 35405
(205) 556-2842

Kelly Neville

Rice University
Dept. of Psychology
Houston, TX

Keith Newman
Pennsylvania State Univ.
209 Steidle Bidg.
University Park, PA 16802
(814) 865-5446

Hung Nguyen
California State Univ.
Mechanical Eng. Dept.
Long Beach, CA 90840
(213) 985-4111

John Noto

Tufts Univ.

Dept. of Physics & Astronomy
Medford, MA 02155

(617) 628-5000

Allen Olheiser

North Dakota State Univ.
1017 N. 10 Street

Fargo, ND 58102

(701) 237-4636

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: MS

Specialty: Electromagnetic

Assigned: Rome Air Development Ctr.
Degree: BS

Specialty: Aerodynamics

Assigned: Armold Engineering

Development Center

Degree: BS

Specialty: Psychology

Assigned: School of Aerospace Medicine
Degree: MS

Specialty: Metallurgical Engineering
Assigned: Materials Laboratory
Degree: BS

Specialty: Mechanical Engineering
Assigned: Astronautics Laboratory
Degree: BS

Specialty: Physics

Assigned: Geophysics Laboratory
Degree: BS

Specialty: Computer Engineering
Assigned: Aero Propulsion Laboratory

xiii




NAME / ADDRESS

Kristina Pawlikowski
Ohio S. Univ.

Dept. of Civil Eng.
Columbus, OH 43212
(614) 299-9323

Tanya Payne

New Mexico, Univ. of
Psychology Dept.
Albuquerque, NM 87131
(505) 277-4805

Christine Perry
Pennsylvania S. Univ.
Dept. of Aerospace Eng.
State College, PA 16801
(814) 867-7877

James Perry

Florida Inst. of Tech.

150 West University Blvd.
Melbourne, FL. 32901
(407) 768-8000

Brett Pokines

New York, State Univ. of
1068 Richmond Quad
Buffalo, NY 14260
(716) 636-5541

George Proicou

Ohio State Univ.
Biomedical Center
270 Bevis Hall
Columbus, OH 43210
(614) 292-5570

Jenny Rawson
Washington S. Univ.

Dept. of Elect. & Comp. Eng.

Pullman, WA 99164
(509) 335-6602

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:

Specialty:

Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Degree:
Specialty:
Assigned:

Xiv

BS
Civil Engineering
Flight Dynamics Laboratory

BS
Psychology
Weapons Laboratory

BS
Aerospace Engineering
Astronautics Laboratory

BS
Electrical Engineering
Avionics Laboratory

BS
Mechanical Engineering
Frank J. Seiler Research Lab.

BS
Aeronautical Engineering
School of Aerospace Medicine

MS
Electrical Engineering
Flight Dynamics Laboratory




NAME / ADDRESS

Keith Redmill

Ohio State Univ.
Dept. of Elect. Eng.
201 Dreese Lab
Columbus, OH 43210
(614) 292-2572

Mary Reid
Arizona, Univ. of
Shantz Blvd. #429
Tucson, AZ 85721
(602) 621-1646

Brahm Rhodes
Boston Univ.
Aero/Mech. Office
110 Cummington
Boston, MA 02215
(617) 353-1285

Edward Riegelsberger
Ohio State Univ.

Dept. of Electrical Eng.
Columbus, OH 43201
(614) 291-0899

Joseph Rigney

Case Western Reserve Univ.
Cleveland Hts., OH 44106
(216) 321-1114

Dawnlee Roberson
Texas-San Antonio, Univ. of
SB 3.01.37

San Antonio, TX 78228
(512) 691-5665

Robyn Robinson
Meharry Medical College
1005 D.B. Todd Blvd.
Nashville, TN 37208
(615) 327-6413

DEGREE, SPECIALTY, LABORATORY ASSIGNED

Degree: BS

Specialty: Electrical Engineering

Assigned: Flight Dynamics Laboratory

Degree: BS

Specialty: History

Assigned: Engineering & Services Cur.

Degree: MS

Specialty: Mechanical Engineering

Assigned: Geophysics Laboratory

Degree: BS

Specialty: Electrical Engineerig

Assigned: Aerospace Medical Research
Laboratory

Degree: BS

Specialty: Materials Science

Assigned: Materials Laboratory

Degree: BS

Specialty: Biology

Assigned: School of Aerospace Medicine

Degree: BS

Specialty: Biology

Assigned: School of Aerospace Medicine
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97 Peripheral vs. Foveal Contour Processing in Humans Michael Montegut
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Electrophoresis for the Resolution of Light
Induced FOS-Related Proteins in the
Hamster Suprachiasmatic Nuclei
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of Alpha-antagonist Tolazoline During Whole-
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GESTATIONAL AND LACTATIONAL TRANSFER OF HEXACHLOROBENZENE

FROM THE MATERNAL RAT DOSED PRIOR TO BREEDING

by

-

Ellen S. Goldey

ABSTRACT

The maternal transfer of hexachlorobenzene (HCB) to fetuses and suckling pups
was assessed using a prebreeding dosing design. Two weeks prior to breeding, virgin
Sprague-Dawley rats were given a total oral dose of HCB in corn oil of 10 or 100 mg/kg
body weight over four days. Concentrations of HCB were determined in the tissues of at
least 3 dams and their offspring for each of days 9, 15 and 21 of gestation and on postnatal
(PN) days 4, 7, 10, and 14. In all reproductive states of the dam, the fat had the highest
concentration of HCB. During pregnancy, maternal blood HCB concentrations were low
relative to the other tissues, which suggests that HCB was in relatively stable equilibrium
between the blood and tissue storage compartments at this time. Hexachlorobenzene was
detected in early, mid and late gestation fetuses suggesting that HCB may begin exerting
toxic effects early in development. The maternal body burden of HCB was quickly
depleted by lactational transfer of the HCB to the suckling pups as reflected in high HCB
concentrations in the milk. The relative concentration of HCB in the pups rapidly exceeded
the levels in the dams during lactation, and high levels remained in pup tissues at the
termination of the experiment. Throughout gestation, the HCB tissue concentrations
between the 10 and 100 mg HCB/kg body weight groups differed by a factor of 10 as
expected. However, soon after the onset of lactation, there was only a 1-3 fold difference
in tissue concentration between the two groups. This suggests that different rates and/or
routes of elimination are invoked for different initial body burdens of the compound.
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I. INTRODUCTION

Organochlorine pollutants represent a widespread health threat to humans. Many
polyhalogenated compounds are metabolized slowly and are l‘ipophilic, and lifetime
exposure to low levels of these contaminants may lead to relatively high concentrations in
the adipose tissue. Numerous chlorinated compounds, including hexachlorobenzene
(HCB), polychlorinated biphenyls, and chlorinated dibenzofurans and dioxins are
commonly detected in the adipose tissue of humans (US EPA, 1985). While these
compounds are sequestered in the fat, the health risk to the human adult may be minor. The
risk to both the fetus and the suckling offspring, however, may be high when the chemical
is mobilized from the fat due to the change in metabolic state of the mother during
pregnancy, and/or in the excretion of the chemical with the milk during lactation due to the
breakdown of adipose for milk fat production. Developing organisms are generally more
sensitive to the effects of toxins than adults, therefore it is imperative that testing procedures
be used that assess the risk of these chemicals on the human fetus and suckling infant.

Hexachlorobenzene, (HCB) a chlorinated hydrocarbon, has been detected in nearly
100% of human adipose tissue samples tested (Mack and Mohadjer, 1985). The major
route for human exposure to HCB is ingestion and absorption from the gastrointestinal tract
(Matthews, 1986). Metabolism is very slow and the primary excretory route is in the faeces
(Matthews, 1986). Studies have demonstrated that HCB crosses the placenta where it may
affect the developing fetus (Courtney and Andrews, 1979), and it is also present at
relatively high concentrations in human milk in some parts of the world (Weisenberg,
1986).

Using the rat as an animal model, and hexachlorobenzene as a model compound. |
developed and utilized a protocol for an assessment of the maternal transfer of HCB. from

a relatively stable maternal body burden of the chemical to the fetuses and pups.
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Protocols currently used to determine the teratogenic effects of a compound require
repeated dosing ot the maternal animal with the chemical throughout gestation and lactation.
These types of protocols best mimic human accidental exposure to large doses a chemical
that may be quickly metabolized and/or excreted from the body. 1 believe that it does not
mimic the transfer of chemicals that have accumulated slowly to a relatively stable level in
the body. In addition repeated dosing of the animal increases the likelihood that teratogenic
effects seen in the offspring reflect maternal toxicity due to such factors as handling stress
(Chernoft et al., 1989) rather than effects of the chemical. Therefore a different protocol
may be required in order to determine the teratogenicity of metabolically stable compounds

such as HCB.

I developed and utilized an animal model protocol that could be consistently used for
risk assessments of the effects of metabolically stable, lipophilic compounds on the
developing offspring. A primary concern was to establish a protocol that would allow an
assessment of the transfer of HCB from relatively stable stores of the chemical in the body
of the dam to the fetus and, subsequently to the suckling offspring. My procedure also
greatly reduces handling of the animals and therefore reduces maternal toxicity to the
developing offspring and it is more cost/time effective for the researcher. I believe that the
results obtained from this procedure demonstrate the potential for widespread use of this
protocol for teratogenicity assessments with other organochlorine compounds.

The current project is relevant to the Installation Restoration Program. This research
program is aimed at solving risk assessment problems associated with clean-up of landfills
on Air Force bases. Hexachlorobenzene is a common long-lived contaminant in the
environment as well as in the body. Consequently, exposure is widespread and the
bioaccumulation of this compound may represent a health risk. The Toxic Hazards
Division (THA) of the Armstrong Aerospace Medical Research Laboratory is interested in
toxicokinetics as it relates to pregnant women and those with breast-feeding infants.

Currently emphasized in this division is the development of pharmacokinetic models to be
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used in risk assessments for women who are potentially exposed to xenobiotics in the
workplace and through bioaccumulation from the environment. The extensive database
that I have generated will be useful for the development of a pharmacokinetic model for the
gestational and lactational transfer of hexachlorobenzene.

My research indicates that prebreeding dosing results in relatively stable body
burdens of the chemical during pregnancy, and that the chemical is transferred to the pups
throughout lactation through the dams milk in a predictable fashion. I feel that
pharmacokinetic models developed for lipophilic, metabolically stable chemicals such as
hexachlorobenzene, PCBs and other halogenated compounds will be more accurate if a
prebreeding dosing protocol rather than a continuous dosing procedure is used.

I have extensive experience with gas chromatographic analysis of chemical residues
in tissues. My current research involves not only the characterization of the tissue kinetics
of HCB, but also the developmental toxicity and behavioral teratology of this compound.
This experience contributed to my assignment to the Toxic Hazard Assessment branch of

the AAMRL for the current project.

II. OBJECTIVES OF THE RESEARCH EFFORT

a. To evaluate the tissue kinetics of HCB during pregnancy and lactation, and to compile a
complete database useful for the development of a pharmacokinetic model of HCB during
pregnancy and lactation. A tissue dosimetry study provides partition coefficient information
and a clear indication of major target compartments to be used in the development of the
model. In general, comparison of the kinetics of a compound at two different dosage levels
is rarely performed, however the current study indicates that such a comparison is important
in order to assess whether the differing initial body burdens of the compound have similar

transfer kinetics.
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b. To develop a dosing procedure that would be widely applicable to researchers assessing
the teratogenicity of metabolically stable, polyhalogenated compounds. The protocol
provides an environmentally realistic approach to this type of study by allowing the
compound to equilibrate within the tissues prior to altering the reproductive state of the
animal. It also reduces the actual handling time of the animals by the researcher.

¢. To remove blood-borne HCB by perfusion with saline from a representative sample of
animals. In this way one could determine how much of the chemical is actually in the tissue
of a particular organ, and compare it to how much of the chemical is contained within the
circulatory vessels perfusing that organ.

d. To determine the oral uptake of HCB from the gastrointestinal tract to the blood stream
by collecting blood samples at regular time intervals following dosing.

e. To determine HCB concentrations in target organs that are under further study in our
laboratory. We are currently assessing the neuroteratology of HCB through histological
analysis of the brain and the evaluation of maternally exposed pups in a behavioral test
battery. The existence of numerous anecdotal reports of behavioral anomalies in humans
exposed to HCB advocates the importance of an indepth neurological analysis such as ours.
Detection of HCB in the brains of developing rats supports the possibility that the central
nervous system is a target site for HCB toxicity. Histological methods are also being used

to assess the developmental effects of HCB other target tissues, particularly the kidney.
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1. METHODS

a. Hexachlorobenzene was dissolved in comn oil, and total dosage of 10 or 100 mg/kg was
administered to virgin Sprague-Dawley rats over 4 days by gavage two weeks prior to
breeding. This allowed the body burden of HCB 1o compartmentalize and to stabilize in the
rats' tissues. Rats were weighed twice weekly, and food and water were available ad lib.
Rats were pair bred in suspended cages, and the day a sperm plug was located on the paper
under the cage was designated as day zero of gestation. Litters were culled to eight pups at

birth.

b. Groups of 3 or 4 rats and their offspring were sacrificed at designated stages of
gestation to determine maternal concentrations of HCB in the blood, perirenal fat, brain,
liver and kidney. Whole fetuses were collected for analysis on gestation day 9, fetuses,
amniotic fluid and placentas fluid were collected on gestation day 15 and on gestation day
20, whole fetuses, amniotic fluid, placentas, fetal blood, livers and brains were collected
for HCB analysis. Additionally, maternal and pup tissues were collected 4, 7, 10 and 14
days post partum to assess the lactational transfer of the compound. Dam blood, liver,
kidney, brain, fat and milk and pup blood, liver, kidney and brain were collected at these
time points. Additionally, four pups per litter were anesthetized and perfused with saline to

remove blood-borne HCB from the tissues.

c. Hexachlorobenzene was extracted from the tissues by homogenizing the tissue in 10 vol.
of hexane, centrifuging the homogenate and assaying each sample in duplicate by direct
injection onto a Hewlett Packard (5890 series) gas chromatograph equipped with an ©3Ni

electron capture detector.
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d. Additionally, two groups of 6 female rats were dosed with HCB as described above
(2.5 or 25 mg HCB/kg body weight/day for 4 days). The oral uptake of HCB was
determined from blood samples collected at regular intervals over the 4 day dosing period.
On the first day blood was collected at 30 min, 1 h, 2 h, 3 h, 4 h and 24 h intervals
following dosing. The 24 h sample was collected immediately prior to the administration of
the next day's dose. On the second, third and fourth day of dosing, blood was collected at
I h, 4 h, and 24 h intervals. Blood was collected from the tail vein of each rat after
immobilizing the animal in a plastic restraint cylinder. A heparinized microhematocrit
capillary tube was fitted into the base of a 25-gauge disposable needle, and the needle was
inserted into the lateral vein of the tail. Blood filled the tube by capillary action (70 ul).
Samples were taken from distal to proximal locations along the length of the tail. Blood
samples were placed directly into hexane, centrifuged and the hexane layer analyzed for

HCB concentration as described above.

IV. RESULTS

a. The concentration of HCB in maternal tissues declined gradually throughout gestation
(Table 1 and 2). The HCB levels in blood were low compared to the other tissues, which
suggests that the compound is in dynamic equilibrium among the tissue storage
compartments. The adipose tissue is the largest sink of HCB, although HCB is also stored
in the other tissues preferentially to being carried in the circulation. It is of interest to note
the expected 10 fold difference between the 10 and 100 mg/kg dosage groups for all
tissues.

I detected HCB in fetal tissues from our earliest sample date (day 9 of gestation) and
throughout gestation (Table 3 and 4). In general, the HCB concentration in placental tissue
reflects the maternal blood concentration of HCB (see Tables 1 and 2 for dams). As would

be expected for a lipophilic compound, the amount of HCB in amniotic fluid was low: it
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was below the level of detection in samples collected from the 1 ... xg group. Since we
are particularly interested in the developmental neurotoxicity and nephrotoxicity of HCB,
the presence of HCB in the brain and kidneys of fetuses suggests that the onset of toxicity
to these organs may begin during pregnancy.

The maternal body burden of HCB is rapidly depleted during lactation (Table 5 and
6). An important finding was that the expected 10 fold difference between the two
treatment groups disappeared after the onset of lactation. Table 7 compares a concentration
factor, RCF (the HCB concentration in a particular tissue from animals dosed with 1({) mg
HCB/kg body weight divided by the HCB concentration in the same tissue from animals
exposed to 10 mg HCB/kg body weight) for all tissues analyzed. The RCF tor dam tissues
during gestation ranged from 6.64 to 12.72 with a mean RCF of 9.32, whereas the RCF
for dam tissues during lactation ranged from 1.04-4.71 with a mean value of 2.77. The
difference between gestation RCFs and lactation RCFs suggests that the rate and/or route of
elimination differs between the treatment groups after the onset of lactation. A seemingly
likely explanation is that the change is due to a relatively more rapid release of the the
chemical during the first 4 days of lactation in the higher dosage group. However, if the
HCB was simply dumped to the pups within the first few days of lactation, one would
expect the HCB to still be in the body of the pups on postnatal day 4. The mean RCF
calculated from HCB concentrations in pup tissues (Table 8 and 9) was 2.61 which
suggests that the phenomenon is more complex, and it would be of interest to conduct

further study to determine the mechanism of this phenomenon.

b. There was little difference between the HCB concentration in tissues collected from
animals perfused with saline and those that were not perfused which suggests that blood
circulating through the organ may contribute very little HCB to overall tissue levels.
The bulk transfer phenomenon is clearly depicted in the rapid increase of HCB tissue

concentration in the suckling pups (Table 3).
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Table 7: The relative concentration factor, RCF = [tissue] 19 + [tissue] 1o, for dam,
fetus and nonperfused pup tissues.

v ——

Dam tissues

Brain Kidney Liver Fat Blood Milk

Gestation 9 7.71 6.72 10.11 7.95 6.64
Gestation 15 12.72 11.37 10.63 7.04 10.58
Gestation 20 10.42 8.60 10.62 8.67 9.95
Lactation 4 3.37 3.02 3.44 2.73 1.15 1.04
Lactation 7 3.00 2.54 3.49 3.32 2.39 1.14
Lactation 10 4.71 3.70 3.55 3.21 2.02 2.05
Fetal tissues

Whole fetus Placenta Blood Liver Brain
Gestation 9 6.82 NA NA NA NA
Gestation 15 10.38 13.45 NA NA NA
Gestation 20 7.38 10.33 941 8.72 8.41
Pup tissues (nonperfused)
} Brain ~ Kidney Liver Blood
Post natal 4 5.61 3.21 3.18 2.31
Post natal 7 2.40 2.49 3.25 2.07
Post natal 10 2.54 2.33 2.38 1.95
Post natal 14 1.85 2.64 1.84 1.85
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¢. The oral uptake study indicated that uptake from the intestine to the blood most likely
occurs within four hours. The blood HCB concentration appears to be relatively stable over
the intervening hours until the next dose is given which suggests that it may take several
days for HCB to move from the bloodstream to tissue storage compartments (Figures 1 and

2).

V. RECOMMENDATIONS

a. The results of this study should be used in the development of a physiologically based
mathematical model for the maternal transfer of HCB. This model will useful in the
establishment of risk assessment guidelines for HCB and other xenobiotics of similar

structure and activity.

b. We have demonstrated that HCB is present in fetuses throughout gestation and is
transferred in bulk to the pups during lactation. Dams efficiently clear their body burden of
HCB during lactation, and by postnatal day 14, levels are below the level of detection for
most tissues from the 10 mg HCB/kg body weight group. Levels in the pups, however,
were high, and HCB presumably remains in constant flux in the body since there is no fat
storage compartment in young pups. This suggests that pups are exposed to HCB
throughout development. Since the HCB is present in the brain of these animals, and the
development of many structures within the brain are not complete until approximately 28
days of age, the brain is a likely target for the teratogenic effects of HCB. Work currently

progressing in our laboratory indicates that this is indeed the case.

c. Although the more traditional assessments of teratological effects of HCB, such as an
assessment of liver porphyria, were beyond the scope of the present study, we believe that

the pre-breeding dosing strategy used here is a realistic approach for assessing the
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Figure 1. Blood concentration of HCB (+S.E.) after gavage dose of
2.5 mg/kg per day for 4 days. Total dose = 10 mgrkg.
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Figure 2. Blood concentration of HCB (+S.E.) after gavage dose ot
25 mgrkg per day for 4 days. Tctal dose = 100 mgrkg.
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developmental toxicity of organochlorine pollutants in general. Regulatory agencies such as
the EPA are seeking more realistic protocols for teratological assessments. Existing
protocols in which maternal rats are dosed with the chemical repeatedly throughout
gestation and lactation are environmentally unrealistic situations. Humans are exposed to
chemicals that are present in low levels in the environment and bioaccumulate in the body
throughout one's lifetime. The protocol used in the present study provides sufficient time
prior to breeding to allow for the stabilization of the chemical in the maternal rat. Recent
findings also demonstrate the importance of reducing the effects of maternal stress on the
developing animal (Chernoff et al., 1989). My protocol reduced maternal stress via less
invasive handling of the animals and it also allows the researcher time to evaluate the overall
health of the animal prior to the onset of pregnancy. Thus it may be possible to make a
more objective judgement as to whether maternal toxicity may have played a role in the final

outcome.
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1. INTRODUCTION

In the era of 1960s, America experience lots of civil disorders. Civil disorders is a
form of riot. In the branch of collective behavior, riot is a very prominent phenomenon with
its destructive power. The central factors were the existence of separate social worlds; the
behavior of the police; the feelings of frustration and the inability of minority groups to
bring about political and economic change. Clearly, a high percentage of unemplovment,
poor housing, crowded living conditions, hopelessness made the ghetto residents angry and
bitter. What make their lives even unbearable was the facts that they would never reuach
the affluent lives which were enjoyed by the majority of the whites (Boskin,1969).

Because of its highly visibility of social disturbance, a report of the National Advisory
Commission on Civil Disorder were written under the leadership of Governor, Otto Kerner
in 1968. It is the so called Kerner Report.

The Lemberg Center of Brandeis University also did some research on the topic of
civil disorders. I got some ideas from them to do some descriptive analysis.

Spilerman of Madison, Wisconsin has done some research on civil disorder by
applying the Poisson Process. The major difference between Spilerman’s and my approach
is that he is using spatial point process while I am using the temporal one. Spilerman used
city as unit of analysis. Because of the heterogeneity among the cities, Spilerman concludes
that a homogeneous Poisson Process is not appropriate for modeling the occurrence of riot.
The unit of analysis in my paper is day. It is found that the homogencous Poisson Process
is suitable for modeling the occurrence of riot. I am going to review the propertics of

Poisson Process later on to facilitate my discussion.
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2. DESCRIPTIVE ANALYSIS

2.1 The Data

This naper is focusing on civil disorder itself during the past 25 years from 1964-1989.
The questions posed in this paper are: Is riot really intensified during the 60s?  What
happens after the 60s? Is riot randomly distributed? What is the rate of occurrence of riog
for each year? Also, it is attemptéd to build a two-state Markov chain to model the evem
of riot.

The primary source of data for this report is New York Times Index. The accounts
are obtained by collecting the riot news from the Black section. The use of this journalistic
accounts has several shortcomings. First, we are uncertain of the accuracy or reliability of
specific information contained in press report. The journalistic account of civil disorders
tend to provide information on the very large and extreme violent outbursts than on lesser
events. Thus we are less confident in the completeness of our information on small events.
For example, we can only collect certain days of extremely violent outburst of Watts Riots
in 1965. Actually, according to the book, "Introduction to Collective Behavior” (Miller,
1985), Watts Riots should be started on August 11. It's one day earlier than the date |
collect from the New York Times Index. Also, there are report of hundred occurrence of
riots in Washington, DC alone in 1968 when Martin Luthur King, Jr. was assassinated, but
the total accounts of riots I can get from the New York Times Index are only 63 times. For
the above reason, our data utilized in the paper should be treated as providing approximate
rather than absolute measure. Second, we only use one single national level source in this
paper -- New York Times Index rather than the multi-level sources. Thus. it is almosg

impossible for us to get detailed information on the sequence of events during riots merely
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from newspaper. Even though our data is not very complete, it is highly compatible with
the one collected by the Lemburg Center of Brandeis University. Please see Section 2.4 for
a comparison between Fig. 1a and 1b.

Similar to the study by the Lemburg Center of Brandeis University, we also define
civil disorders as events involving crowd behavior, characterized by either damage to persons
or property, or aggressive disruptions which violate the civil law. Race-related civil disorders
are identified as norm-violating events characterized by violent behavior by members of onc
racial or ethnic group against members of another racial group. Such behavior is
characterized by the following factors: (1) group members: identification of the participants
with their racial group is salient. (2) motivation: individuals become involved in an
aggressive incident because of sense of injustice or because of feeling of hostility toward the
other group. (3) choice of target of aggression: the object of aggressive behavior -- whether
persons or property symbolize the hostility of one group toward another.

According to our data, the riot is indeed much intensified during the 60s. The riot

activities for the 70s and 80s become insignificant. Please see Table 1.
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Table 1. Frequency Distribution of Riot by Month.

DATE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

1964 1 2 1 1 1 2 3 10
1965 4 1 5 3 6 1 1 21
1966 1 1 2 3 8 5 2 1 23
1967 1 2 3 7 20 10 7 1 51
1968 1 2 13 10 5 8 1 40
1969 1 1 2 7 10 5 9 2 2 4 43
1970 1 1 3 5 7 10 2 1 6 1 37
1971 2 1 4 4 3 1 2 1 18
1972 1 1 1 1 1 5
1973 1 2 3
1974 1 2 3
1975 1 2 2 5
1976 0
1977 1 1
1978 1 1 1 3
1979 1 2 1 1 5
1980 1 1 3 4 2 1 12
1981 1 1
1982 1 1
1983 1 1
1984 1 1
1985 1 1
1986 0
1987 0
1988 1 1 2
1989 _ , 0
TOTAL 288

2.2 Frequency Distribution of Riot by Month

In the 60s, the phrase "long hot summer" has come to symbolize the increase threat
of race-related civil disoreders during the summer months. We wish to find out whether the
summer months really hold up its reputation as "long and hot" during the past 25 vears.
According to our findings, the phrase "long hot summer" indeed holds up its reputation. l.et
p be the probabiliky that the riot occurs in the summer. Then we wish to test that the riot
equally likely occurs in either summer or non-summer months, namely, we have to test the

null hypothesis against the alternative hypothesis given as follows:
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H,p=05,

(2.1)
H,:p>035.
The testing statistic is given by
Z=(ﬁ'p)/0p' (2.2
From Table 2, we have by substituting $=0.55 and op=y/p(1-p)/n=,/0.55+0.45/288
=0.03 into (2.2):
z=(0.55-0.5)/0.03=1.67 (2.3)

Using Table B on p. 673 of Loether-McTavish (1988), the one sided critical value of

standard normal distribution at the 5% significance level is z4,=1.65. Since the computed

z of (2.3) is greater than the critical value, the null hypothesis is rejected at the 3¢
significance level. Therefore, we conclude that the riot is more likely to occur in the

summer months.
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Table 2. Frequency Distribution of Riot by Month for the Entire 25 Year

MONTH FREQUENCY PERCENT
January 4 1
February 6 2
March 1S s
1\pl’i| 20 7
May 18 6
Junce 35 12
July 73 25
August 52 18
September 32 11
QOctober 9 3
November 14 S
December 10 3
Total 288 98

Note. From Table 2, we obtain the following:

Spring (March, April, May): 19%

Summer (June, July, August): 55%

Autumn (September, October, November): 19%

Winter (December, January, February): 6%
2.3 Frequency Distribution of Riot by Weekday

A prevailing thought is that riots are most likely to be concentrated on weckend.
From our data, we find out that the riots are more likely to occur over the weekend. Please
see the following analysis.

Let p be the probability that the riot occurs over the weekend. Then we wish to test

that the riot equally likely occurs over weekend or non-weekend. Again, we wish to test the

hypothesis of Eq. (2.1). From Table 3, we obtain by substituting p=0.55 and

0p=y/0.55+0.45/438=0.02 into Eq. (2.2):

2=(0.55-0.5)/0.025=2.5 (2.4
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Since the computed z of Eq. (2.4) is greater than the one-sided critical value

z95=1.65, the null hypothesis is rejected at the 5% significance level. Hence, we conclude

that the riot is more likely to occur over the weekend.

Table 3. Frequency Distribution of Riot by Weekday tor the Entire 25 years

WEERKDAY  FREQUENCY PERCLENT
Monday 76 17
Tuesday 88 20
Wednesday 56 13
Thursday St 12
Iriday 59 13
Saturday 48 1
Sunday 60 14
Total 438 100

Note. 1. The frequency distribution of riot by weekday for each year from 1904 to 1989 is

given in Appendix 1.

2. From Table 3, we obtain the following:

Weekend (Friday, Saturday, Sunday, Monday): 55%

Non-weekend (Tuesday, Wednesday, Thursday): 45%
2.4 Frequency Distribution of Riot by Geography

By following the study ot Lemberg Center, Brandeis University, we divide the United
States into 9 regions to show its geographical distribution of race-related riots. The vears
we choose are 1967, 1968 and 19699. Three regions, South Atlantic, Middle Atlantic and
East North Central accounted for 70% of civil disorders in 1967, In 1968, it is 37 of civil
disorders. Overall, such a finding confirm the popular view of disorders as an urban.
northern phenomenon. Itis accurate to state that when the southern Blacks were struggling
for Civil Rights Movements, the Blacks in the northern regions felt more hopeless and
frustrated to change their ghetto situations. Please see Fig. la tor the geographical

distribution of riot on the next page. Note that the percentages of the nine regions in Fig.
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la is highly compatible with those of Fig.lb which is taken from Baskin, et al (1971).
3. POISSON MODEL

Consider events occurring in time on the interval 0 to =, For t>0, let N(1) be the
number of events that have occurred in the interval (0,t), open at 0 and closed at t.
Consequently, N(t) and for any h>0, N(t+h)-N(t). Assume only non-negative integer
values.

We now make the following assumptions.
Axiom 0. Since we begin counting events at time 0, we define N(0)=0).
Axiom 1. The process {N(t), t>0} has independent increments.
Axiom 2. For any t>0, 0<Pr{N(t)>0} < 1. Ir words, in any interval; (no matter how small)
there is a positive probability that an event will occur.

Axiom 3. For any t>0,

PriN(t+h)-N@)22) _
PHN(t+h)-N()=1)

In words, in sufficiently small intervals, at most one event can occur; that is, it is not possible
for events to happen simultaneously.
Axiom 4. The counting process N(t) has stationary increments; that is, for any two points
t>s>0 and any h>0, the random variables N(t)-N(s) and N(t+h)-N(s+h) are identically
distributed (Parzen, 1962).

By applyinjg the Poisson plot (Hoaglin, 1980), we can also estimate the rate of
occurrence. To draw the least square line in the Poisson plot, we employ the regression

subroutine of BMDP.

Let XoXX,» denote the counts of the observed trequency distribution and et
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N = xg+x,+x,+...., we recall that the poisson probability function is

Prix=K=p,(K)=e A Yk! k=0,1,2,3,..

For a sample of N, the expected frequencies are

m,=Np, (K)=Ne " A k! k=0,1,2,3,...

(3.2)

To derive the plot, we assume that for some fixed value of A |, each obsersved frequency,

x, .equals the expected frequency, m, . Then taking natural logarithyms on both sides

of (3.2) gives

log(xy)=log(N)-A+klog(N) -log(k!)

—~
[
[

~—

and it is evident that plotting log(x,)+log(k!) against k will yield a straight line with slope

equal to log(A) and intercept equal to log(M)~-A . (If x,=0 | no point is calculated or

plotted.)

If this "Poisson plot" for a set of data is satisfactorily stright, we may use the

maximum likelihood estimator for A

L=Y" x/N.

&

From applying the regression plot to Table 4, we can say that the riot events are
randomly distributed. I have run the entire 25 years of riots data by using BMDP regression
subroutine to plot the fitted line and also estimated the slope of the line. The rate of

occurrence of riot for each year is given in Table 5.
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Table 4. Poisson Plot for Each Year From 1964 to 1989

Year k xk logxk logk! logxklogk!
1964 0 347 5.85 0 5.85 ‘
1 18 2.89 0 2.89
2 0 -0 0.69 -0
1965 0 331 5.80 0 5.80 ‘
1 30 3.40 0 3.40
2 3 1.10 0.69 1.79
3 0 -0 1.10 -o
4 1 0 1.39 1.39
1966 0 336 5.82 0 5.82
1 21 3.04 0 3.04
2 8 2.08 0.69 2.77
1967 0 331 5.74 0 5.74
1 39 3.66 0 3.06
2 11 2.40 0.69 - 3.09
3 3 1.10 - 110 22
4 1 0 1.39 1.39
1968 0 307 5.73 0 5.73
1 38 3.64 0 3.64
2 15 27 0.69 3.4
3 4 ‘ 1.39 1.10 2.49
4 0 -0 1.39 -0
S 1 0 1.61 1.61
1969 0 323 5.78 0 5.78
1 32 3.47 0 347
2 9 2.20 0.69 2.89
3 1 0 1.10 1.10
1970 0 315 5.75 0 5.75
1 45 3.80 0 3.80
2 4 1.39 0.69 2.08
3 1 0 1.10 1.10
1971 0 341 5.83 0 5.83
1 23 3.14 0 3.14
2 1 0 0.69 0.69
1972 0 358 5.88 0 5.88
1 7 1.95 0 1.95
2 0 -0 0.69 -
1973 0 362 5.89 0 5.89
1 3 1.10 0 .10
1974 0 357 5.88 0 5.88
1 8 2.08 0 0.08
1975 0 356 5.87 0 5.87
1 7 1.95 0 [.95
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2 2 0.69 0.69 1.38
b 1977 0 364 5.89 0 5.89
| 1 1 0 0 0
1978 0 358 5.88 0 5.88
i 1 7 1.95 0 1.95
1979 0 358 5.88 0 5.88
, 1 7 1.95 0 1.95
1980 0 346 5.87 0 5.87
1 18 2.90 0 2.90
2 l 0 0.69 0.69
1981 0 364 5.90 0 5.90
1 1 0 0 0
1982 0 363 5.90 0 5.90
1 2 0.69 0 0.69
1983 0 364 5.90 0 5.90
1 1 0 0 0
1984 0 362 5.89 0 5.89
1 3 1.10 0 1.10
1985 0 362 5.89 0 5.89
1 3 1.10 0 1.10
1988 0 363 5.89 0 5.89
1 2 0.69 0 0.69
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Table 5. Rate Of Occurrence For Each Year From 1964 To 1989

Year & i i=e'°

1964 5.85 -2.96 0.05  (every 20 days)
1965 4.92 -1.04 0.35 (every 3 days)
1966 5.40 -1.52 0.21 (every S days)
1967 5.24 -1.01 0.36 (every 3 days)
1968 35.03 -0.75 0.47 (every 2 days)
1969  5.50 -1.46 0.23 (every 4 days)
1970 5.53 -1.56 0.20 (every S days)
1971 5.79 -2.57 0.07  (every 14 days)
1972 5.88 -3.93 0.02  (every 50 days)
1973 5.89 -4.79 0.01 (every 100 days)
1974 5.88 -5.86 0.003 (every 333 days)
1975 5.31 -2.24 0.11 (every § days)
1977 5.39 -5.89 0.003 (every 333 days)
1978 5.88 -3.93 0.02  (every 50 days)
1979 5.88 -3.93 0.02  (every 50 days)
1980 5.74 -2.59 0.10  (every 10 days)
1981 5.90 -5.90 0.003 (every 333 days)
1982 5.90 -5.21 0.01 (every 100 days)
1983 5.90 -5.90 0.003 (every 333 days)
1984 5.89 -4.79 0.01 (every 100 days)
1985 5.89 -4.79 0.01 (every 100 days)
1988 5.89 -5.20 0.01 (every 100 days)

where @& and B denote the intercept and the slope of the least squares line fit to the

data in Table 4 is shown in the following prediction equation:
y=d+fx
4. TWO-STATE MARKOV CHAIN
In this section we are trying to apply a two-state Markov chain in modeling the
riot data. For the properties of two-state Markov chain, see Chapter 7 of Bhai(1984).
Taking the city of Chicago as an illustrative example, the transition matrix of frequency
counts are obtained for years from 1964 to 1968 given in Table.

Table 6. Transition Count Matrix for the City of Chicago
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Year  fy Jor fio fu f-

1964 353 1 1 10 365
1965 348 1 1 14 364
1966 358 2 2 3 365
1967 344 3 3 14 364
1968 351 6 6 2 365

4. TWO-STATE MARKOV CHAIN

Let 0 and 1 denote two states of the Markov chain. State 0 means that the city of
Chicago has no riot on a certain day, while state 1 means that the riot occurs in Chicago
on that day. Then we start to count the transition between state 0 and 1 from January |
till December 31 for each year. Therefore, if a year has 365 days, then the total number
of transitions between states 0 and 1 is always 364 which is one less than the total

number of days in a year, because there is no transition on January 1. In Table 6,
fo s Joi » fio » iy and f. denote the number of transitions from state 0 to state 0,

from state O to state 1, from state 1 to state 0, from state 1 to state 1, and the total
number of transitions in that year respectively. The transition count matrix for the year

of 1964 is given by

o Jor _[353 1}
10 fll 1 10

What we are interested is whether the riot occurs in the city of Chicago from 1964

to 1968 are generated by the same unknown Markov chain. This can be done by testing

the homogeneity of the transition count matrix between any two vears from 1964 to 1968,

The testing statistics 2/ , is given by
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20=23 % Y flog(nt /(£ f )

i=l j=1 k=l

=2 fulogf ;+2nlogn-23 " f, logf, 23 3 f logf ,

i=1 j=1 k=1 i=1 Jj=1 k=1

! The computed statistics 2/ between 1964-1968 is as following:

2Y" Y Y fulogf,,=2(353l0g353+ 1log] +1log1+10log10+348log348+14log14)=8334.8

i=1 j=1 k=1
2nlogn=2-72910g729=9610.7

2y f, logfi =2(36510g365+364l0g364)=8600.2

i=1

2Y° Y f logf =2(101i0g701+2l0g2+2l0g2+24l0g24)=9344. 8

j=1 k=1

2/=8334.8+9610.7-8600.2-9344.8=0.5

since r=2 and s=2, the critical value of Chi-square distribution with 3 degrees of

freedom at the 5% significance level is x;s(3)=7.815 .

Note that the computed 21 are greater than x.§5(3)=7'815 , for all rows except

the first row, we conclude that two-state Markov chains only for the years of 1904 and
1965 are the same, and all other years are different.
5. CONCLUSION

Most of the study on civil disorders were done in the late 1960s and carly [970s,

For example, the Lemberg Center of Brandeis University has published several reports
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on civil disorder, Spilerman(1970), Downes(1968), and etc. However, very few were

done after the 70s, except McPhail-Wohlstein(1983). In this paper we analyze the riot
f data for the entire span of 25 years from 1964 to 1989. It is found that the riot are
indeed more likely to occur in the summer months and over the weekend at the 5%
significance level. After applying the Poisson plot, we notice that the riots viewed as
events indeed constitute a Poisson process. Also, the rate of occurrence for each year
from 1964 to 1989 are calculated. Finaily, using the city of Chicago as an example, u

two-state Morkov chain is built to model the riot data. It is found that the riots are not

generated by a single unknown Markov chain.
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Development of a Localization Performance

Paradiqm for RHAW Applications

by

William D. Yee

ABSTRACT

An experimental paradigm was designed to assess the
feasibility of using auditory localization in applied human
performance situations. In order to provide a controlled and
generalizable scenario, the paradigm integrated a hardware,
software, and human factors approach. Initially, a brief
survey of current Radar Homing and Warning (RHAW) systems in
use for fighters and bombers was conducted to direct the
design of the paradigm toward a real world application.
Target acquisition was elicited as a key task that might
benefit from the use of an auditory localization system to
reduce response time. As a result, an ambient digit
identification task was developed to evaluate the facilitative
effects of an auditory localization system over the current

usage of visual radar displays.
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I. INTRODUCTION:

Reliance on sensory inputs plays a major role in our
interaction with the world. Such sensory information allows
us to control both ourselves and events in the environment.
However, there are situations that exist whereby an individual
can not use all the sensory information naturally available.
Common scenarios such as flying a plane or driving a car
provide examples of how sensory information must be augmented
via devices. Without mechanical aids such as radar displays,
warning systems, mirrors, etc., control and mobility in planes

or cars would be an extremely difficult task.

Given the fact that a pilot can only respond with respect
to the level of accuracy of the equipment used and the
information it provides, it naturally follows that enhancement
of the sensory information would provide more precise control
of the vehicle. To this extent, research has been ongoing at
the Biological Acoustics Section of AAMRL on providing
localization information auditorially. A suggested
application could be to provide enhanced sensory information
in a natural manner to the pilot to determine the location of
airborne threats relative to his/her own position. This form
of localization is expected to provide greater precision and
faster responding in target acquisition than a conventional

visual RHAW display.




Of course, my related interests in the area of the use and
perception of auditory coding in human performance have
provided me with some idea of the value of the ongoing
research at the Biological Acoustics Section. In the past
two years, most of the research that I had conducted related
to auditory perception and attentional processes. I gather
that this played a large part in my selection to work at the
Biological Acoustics Section on a performance paradigm that
would simulate and evaluate the application of an auditory
localization system for target acquisition. 1In order to make
a viable paradigm, I integrated areas familiar to my previous
research experience (attentional processes, auditory

perception, and human performance) into the research effort.




II. OBJECTIVES OF THE RESEARCH EFFORT:

At present, the applications of auditory localization have
been practically non-existent. Although it has great
projected utility in tasks like airborne target acquisition,
research on the use of auditory localization has not proceeded
much beyond the hardware development of a cue synthesizer
(McKinley, 1988). A short study on the validation of the
effectiveness of the cue synthesizer to provide accurate
auditory localization information was recently completed
(McKinley & Ericson, unpublished). However, no formal study
has been implemented to assess a practical application of
auditory localization by use of the cue synthesizer. As a
consedquence, movement to application of an auditory

localization cue synthesizer has been quite lethargic.

Based on my research background, the best utility of my
experience as a participant in the 1990 Graduate Student
Research Program (GSRP) was to develop a feasible experimental
project that would evaluate an applied approach to the
implementation of the auditory localization cue synthesizer
developed internally in the Biological Acoustics Section. At
the outset, I drafted a project overview for a thorough
experimental evaluation. Unfortunately, the size of the
project drafted could not realistically be accomplished during

the length of my contract. Given existing time constraints,




my effort was concentrated on developing and coordinating a
general paradigm that would be used throughout the entire
project. This included generating a flexible experimental
design and the development and ircorporation of needed

hardware and software.

Additionally, I applied some effort toward designing the
initial experimental protocols for the first series of
experiments. The major impetus behind the first series of
studies was to verify the effectiveness of the auditory
localization system and to assess the contrikution of
different sensory modalities (both visual and auditory) in
target acquisition. Later stages of the project will deal
with the optimization of coded parameters, evaluation of

operator confidence, and validation in field studies.

The first series of experiments are currently ongoing with
the writing of this report. Construction of the experimental
setup has been completed and debugged. Implementation of the

first series of experimental protocols is also being arranged.




IITI. PROJECT IMPLEMENTATION:

The initial stage of the project development concentrated
on identifying feasible applications of the localization cue
synthesizer to be explored in empirical experimentation. To
this end, several pilots were consulted on the possible
implementation of such equipment in current RHAW systems.
Information concerning single seat fighters and larger bombers
seemed to suggest different approaches to the implementation

of an auditory localization system in current RHAW systenms.

Single seat fighters would have to emphasize greater speed
and accuracy in their warning systems to aid in ambient target
acquisition. Bombers require only coarse grained localization
information for avoidance maneuvers. Bombers and larger
aircraft may benefit to a moderate degree by the addition of
auditory localization information, however, their key problems
lie in communication lags between the electronic warning

officer and the pilot.

It 1is apparent that direct ©benefits of auditory
localization are more in line with the needs of single seat
fighters. Consequently, the experimental paradigm was
designed with the intent to evaluate how the addition of an
auditory localization system may facilitate the effectiveness

of a warning system over a conventional RHAW system. In




particular, one condition emphasizes ambient visual target
acquisition analogous to a situation in which a pilot must
visually acquire a missile plume to evade a missile. A second
condition requires target acquisition without visual
identification as might be the case in dark and low visibility

scenarios.

A basic vigilance design was developed to simulate
unexpected reactions to threat scenarios. Under this design,
it was planned for subjects to provide performance data on
response time and target accuracy in a situation that would
present targets randomly in time and direction. Additionally,
the design would compare performances of currently visually
based RHAW systems to a system supplemented with auditory

localization cues.

Finally, considerations were given to needed hardware and
software that would allow for a reasonable experimental
simulation of a RHAW system and an ambient target acquisition
task. To this end, a Polhemus 3-Space Tracker was used to
monitor head movements and targeting accuracy. To simulate
ambient target acquisition, an array of 24 equally spaced LED
display modules were mounted on a 4 foot high 14 foot diametar
steel ring as indicated in figure 1. The displays were
designed and built to provide a digit identification task to

insure proper target identification. Visual targeting




information was presented on a CRT with a circular display.
Auditory localization information was presented through stereo
headphones by a cue localization synthesizer. All of the
equipment was controlled by software through a Hewlett-
Packard HP9845B microcomputer. The complete setup is shown

in figure 2.




IV. RECOMMENDATIONS:

The basic design along with the hardware and software has
been tested. Currently, the project is set to evaluate the
effectiveness of the auditory 1localization system 1in
supplementing the current RHAW system for a single seat
fighter. However, modifications should be made later to
evaluate the addition of the auditory localization system to
other types of aircraft. This may include gathering data on
how auditory 1localization could bypass some communication
warning routes to aid a bomber pilot directly in evasive

maneuvers.

Aside from the basic equipment and design, coding
parameters will have to be tested in the future. Essentially,
this would require optimizing the type of acoustic signals
that would best serve for localizing. Prior research
indicates that broadband noise can be easily localized when
used as a source (McKinley & Ericson, unpublished). However,
such forms of acoustic energy lack an ethological basis for
attracting and holding a person's attention. Consequently,
some form of empirical research must be conducted for
optimizing response performance. This would alsc aid
conventional RHAW systems which currently do not employ
acoustic warning signals based on any systematic basis as

evidenced by the inconsistency of the signals used across
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several different RHAW systems.

Finally, some consideration should be given to moving the
research to a field setting. The constrictive nature of pilot
mobility in different aircraft may significantly affect the
effectiveness of an auditory 1localization systen.
Additionally, high ambient acoustic noise 1levels in the
cockpit may denigrate the efficacy of an auditorially based
localization system. It would be prudent, even at this early
stage, to at least begin some small field studies to evaluate
the overall feasibility of implementing an auditory
localization system. Furthermore, early field data may allow

for corrections to be designed at the experimental stage.
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A PILOT STUDY OF THE NAMING TRANSACTION SHELL

by
Ann Marie Canfield

ABSTRACT

The many hours required to develop quality computer-based
instruction make it difficult to produce instruction that is both
current and adaptable. Transaction Shells (Merrill, Li and
Jones, 1990) provide novice instructional designers and computer
users with tools to aid in the design and delivery of meaningful
and easily modifiable courseware while dramatically decreasing
the development time. This study was an initial pilot study
designed to evaluate the effectiveness of the Naming Transaction
Shell developed by M. David Merrill and Zhongmin Li at Utah State
University. The major finding was that the predicted improvement
in development time did occur. The software was tested at the
Air Force Academy in Colorado by a subject matter expert with
little computer and instructional technology expertise. The
software was found to decrease development time and produce
instructionally sound courseware. Recommendations from the
subject include that future versions of the software contain more
feedback parameters. Student record management, a feature not yet
implemented, was strongly encouraged to be included in the next
version.
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I. INTRODUCTION “

The need for corporate, military and industrial computer-based
training (CBT) continues to rise. As a result of this rise,
courseware developers and managers are confronted with the time-
consuming aspect of the CBT development process (Faiola, 1989). W
Programming, debugging, and testing courseware is such a time-
corsuming aspect that efficient courseware development is an
immediate concern (MacKnight and Balagopalan, 1988-89). The time
required to develop one hour of computer-based training has been

estimated to take anywhere from 200 to over 6000 labor hours
(Carter, 1990; Lippert, 1989). These numbers make it difficult
and expensive to produce current and timely CBT.

The Air Force is in the process of assessing the feasibility and
effectiveness of developing a Transaction Shell approach to
courseware authoring (Merrill, Li and Jones, 1990). This
approach involves providing subject matter experts with tools to
aid them in the design and cdelivery of effective, reusable and
easily modifiable courseware. Transaction shells provide a
novice designer with the ability to produce effective computer-
based instruction (CBI) while dramatically decreasing the
development time. Transaction Theory is a relatively new and
innovative approach to courseware authoring developed by Dr. M.
David Merrill and colleagues at Utah State University. The Navy
has incorporated a somewhat similar idea in the Computer-Based
Educational Software System (CBESS) (Wetzel and Wulfeck, 1987).
Tennyson also has used a transaction-shell-like approach in
Multi-International Language Instruction Module (MILIM)
(Goldenberg and Turnure, 1989). However, Merrill's Transaction
Theory provides a basis for generating a comprehensive library of
transactions appropriate to courseware delivery (Merrill, Li and
Jones, 1990).

The Air Force also has, as a long range goal, the development of
an Advanced Instructional Design Advisor (AIDA). AIDA is a
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courseware authoring advisor which will assist and guide military
trainers through the process of effective compufer-based
instructional design. AIDA will take established theories of
knowledge, learning, and instruction and incorporate the theories
into course authoring (Muraida & Spector, 1990). The use of
the Naming Authoring Transaction Shell is a first step in the
implementation of the theories evolving in the AIDA research
effort.

My academic background and experience in communication and
ocmputer science education led me to the field of Instructional
Technology. With great interest I have been pursuing graduate
research on the Transaction Shell approach to courseware
authoring. Prior to this particular research project, I have
been working with Dr. M. David Merrill on identifying different
kinds of transactions and the interactions required for each
transaction in this project as an opportunity to validate some of
the Transaction Shell research and development in progress.

Merrill and Li at Utah State University have developed a
prototype Naming Transaction Shell for designing and delivering
courseware for naming the parts and functions of a device. This
transaction shell provides the user, a subject matter expert,
with an environment which contains all of the relevant
instructional strategies and expertise are built in. The user
enters the appropriate content and the programmed strategy
configures and delivers the instruction. Default parameters
provide for delivery of the instruction with appropriate
instructional values. However, the author can manually override
the defaults for individual cases. For instance, the author may
want to limit the response time during practice to five seconds
instead of using the default setting, which in this case happens
to be learner control.

The Naming Transaction Shell was the focus of this initial pilot
study. The effectiveness of the environment and the feasibility

92-5




of incorporating the approach into the AIDA project needed to be
determined. Results from this pilot study will be used by AFHRL 4
to determine whether further and more comprehensive research

should be planned in this area. The results indicate that

Transaction Theory is a promising technology.

II. OBJECTIVES OF THE RESEARCH EFFORT

The objective of this research effort was to perform an initial )
formative evaluation of the Authoring Transaction Shell
methodology and environment. More specifically, the research was
aimed at evaluating the authoring mode and the perceived
effectiveness of the delivery mode of the Naming Transaction J
Shell. Questions addressed by this experiment include the
following:

1) Does the system reduce development time for
computer- based instruction?

2) 1Is the environment appropriate for a novice
computer user and novice instructional designer?

3) How would users like to see the system improved?

4) Was the environment acceptable to the authors?

5) Was the instruction acceptable to students?

The Air Force is interested in determining whether this type of
system is a viable alternative to courseware authoring and
whether it will fit into the scheme of the AIDA project. If the
Transaction Shells do indeed reduce development time and produce
meaningful software, a significant portion of the AIDA goals have
been met.

ITI. METHODOLOGY

This initial experiment was designed to have one subject matter
expert design and develop instruction for a portion of an
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aviation course using the Naming Transaction Shell software.
Broader and more conclusive studies will be scheduled based on
the outcome of this initial study. The experiment took place at
the Air Force Academy in Colorado. The instructional goal was to
teach the names and functions of the instruments on the T-37
instrument panel. A two week period was allotted for the
development of the instruction, with the subject matter expert
working approximately half-time on the project. The subject was
observed during his development time. The subject also kept a
personal record of his thoughts and observations. At the end of
each week, during the two week evaluation, a video-taped

interview also recorded the subjects progress and thoughts.

The experiment was designed to test the usability,
generalizability, executability and productivity of the
Transaction Shell approach to courseware authoring. The
development time required to produce courseware, both on-and off-
line, and developmental obstacles were observed and recorded
during the experiment. Observations which were made in these
areas include:

1) How easily the user could adapt to the
transaction shell environment.

2) The perceived versatility and
utility by the user.

3) The user's assessment of student and
instructor acceptability and user difficulties
with the product.

4) Recommendations from the user for future
versions of the software were also noted.

The software, Authoring Naming Transaction, was designed for use
by subject matter experts who are novices in the area of CBI
design. The user imports a graphic representation of the device
to be taught. The individual parts are then identified and
labeled. The function of each part is also defined by the user.
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At this point, the module can be delivered to the student since
all of the remaining parameters of a naming lesson contain
default values. Figure 1 illustrates a sample student lesson

screen.

DEMO EXPLORE PRACTICE TEST DETAIL QENERAL ouir

Engine Instruments .

FIQURE 1. Student Screen

Default values are provided in order to automate delivery. A
user, however, may desire to customize a lesson for a particular
device or audience. The user can manually set all of the
delivery parameters using the pull down menus. The software
allows the user to select which student interaction modes to
include in the actual delivery to the student (see figure 2). 1In
some instances, testing may not be required, or the instructor
may not want the student to have the option to interact in a
particular mode.
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Interaction parameters for the student during delivery can be
modified and include:

Interaction Description
Demo System presents all of the parts

and functions.

Explore Allows the learner to control
the presentation sequence of parts
and functions.

Practice The learner is presented a series
of inquisitory instances with
feedback.

Test Learner is tested and scored

on parts and/or functions names
and locations.
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Detail Moves the learner to a more i
'detailed' lesson of a particular

part.

General Moves the learner to a more

'‘general' or overview lesson

Additional values the designer may wish to manipulate are the
timing (learner control vs. timed response) or sequence values
(i.e., part name followed by function, part only, function only,
function followed by part name) for the Demo, Explore and

Practice options of delivery. There are also feedback parameters
which can be modified. 1In the Test mode, the designer can select
the sample size and criterion for success (e.g., 75%, 80%, 90%
correct). The sample size refers to the number of times the
student will be queried on each part during the test mode.

The modules can be linked together via general and detail files
at any point during development. The user enters the file name
to which the current file should be linked by a general or detail
file. 'General' refers to higher in the hierarchical association,
for example an overview lesson. 'Detail' refers to lower in the
hierarchical association and may include a close-up view of a
particular part with more 'details'nested beneath it.

The background of the subject was of particular importance in
this study. The subject was selected based on his expertise in
the subject matter. Captain Kevin Crenwelge was an instructor
for the AV480 course which teaches the T-37 instrument panel used
in this study. The subject was a computer and instructional
design novice, which was the desired target audience for the
study. His computer experience was limited to basic word
processing. His instructional experience consisted of his having
taught the course in a classroom setting on several occasions.

In addition he had developed the course materials currently being
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used in the classroom. He is presently responsible for several

other AV480 instructors.

IV. RESULTS

At the end of the first week of work, the subject had completed
four mini-~lessons designed to teach and explore various aspects
of the Authoring software. This introduction to the system took
approximately five hours. The subject had also completed nine
and one half hours of off-line design and development. This
portion of the experiment included designing what would be
taught, how the material would be grouped and a handwritten
documentation of all design decisions. The subject relied on his
own knowledge and Technical Order 1T-37 B-1 (T-37B Flight Manual)
to determine lesson content. At the end of the first week of the
experiment, the subject had dedicated fourteen and one half hours
to the project.

The second week of the study began with completing the hand
written design of the lesson content, which required two and one-
half hours. The subject then selected the graphics he wanted
developed for his instructional modules, this process will be
detailed in a following section. With the written design and
development completed, the on-line authoring began. After
fourteen and one-quarter hours of on-line development time, the
subject had completed the entire lesson package as designed.
Twenty individual picture‘files and lesson sub-modules had been
designed, ten detailed groupings which teach 125 parts and their
functions.

The package was ready for delivery to students after a total of
31 hours of training, design and development time. A complete
CBT package was completed in 31 hours by a subject matter expert
with little instructional design or computer expertise. The
package included the delivery of the instruction with testing
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capabilities.

Figure 3 shows the ratio of on-line to off-line development time

Development Hours
Naming Transaction Pilot +

Itt--ng Design/Dev
183 .

TOTAL TIME - 30.83 o ey auieer g

1.8

FIGURE 3. Proportions ot Developmental Time

Individual module development time ranged from 5 to 25 minutes
and included approximately five minutes of debugging or
correcting time. Modules ranged in size from 2 parts to 10
parts, ten being the maximum allowed by the system. Linking the
files together was also completed within the individual module

development time.

Figure 4 illustrates development time in minutes versus the
number of parts in an individual module.
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The student instructional time developed is estimated to be in
excess of three hours of instruction. Actual data are currently
being collected to confirm this estimate. Development time was
31 hours. The development to instruction ratio, therefore, is
approximately ten hours of development per hour of student
instructional time.

A reasonable comparison for development time is 200 hours under
traditional software development methods (Lippert, 1989). Many
authors cite development hours into the thousands (cf., Carter,
1990). The 200:1 ratio, from the low end of the scale, is used
for comparison because we are omitting the graphics production on
both ratios. The Transaction Shell development time is a
significant decrease from the reasonable comparison of 200 hours
identified with traditional software development (see figure 5).
Although the ratio of 10:1 does not include graphics production,
it does include selecting and directing the graphics development.
Future versions of the Transaction Shell approach will put the
development of graphical materials within the hands of the
targeted user population.
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After completing an introduction to the system the subject was
enthusiastic. He could see many applications for this type of
software within the Academy. He felt the environment was easy
enough that anyone would be able to use it and was excited to see
what he could produce with the system. Traditional course
development (non-computer) was much more laborious, he stated,
and traditional CBT development was beyond the scope of his
abilities. This new approach, according to the subject's
observations, seemed more efficient and would improve student
performance as well as motivation. There was some apprehension
as to whether this approach to instruction would eliminate the
jobs of some instructors.

At the end of the experiment the subject remained enthusiastic.
He felt that anyone could learn to use the system both in design
and delivery modes. Traditional course development (non-
computer instruction) for the same material, in the subject's
estimation, would have required at least two times the amount of
development time. With the computer environment, he felt that
the students would have higher motivation. The instructor could
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ensure that a proficiency level had been reached before the

student entered the simulator which would, as a result, decrease
the amount of time in the simulator. It was difficult under the
present non-computer system to ensure that students were studying
and learning the material in the text. This often resulted in
wasted effort in the simulator. By ensuring that the students
knew the components and functions before they arrived, simulator
time could be reduced and more students would be provided
opportunities for training.

The subject enjoyed the time he had spent developing the
instruction and was enthusiastic to share his accomplishments
with co-workers and supervisors, who also had immediate positive
reactions. Apprehensions about the computer taking over the role
of instructors had been dropped as the software was now viewed as
a tool to enhance the role of the instructor and would make their
time more efficient. From the comments of supervisors, it was
apparent that they were interested in the finished product.

Every course taught in their division had a portion which could
use this approach to instruction and benefit from the naming
transaction. They were anxious for the next phase of the study
and wanted to be included in the study. These reactions support
the direction of AIDA research and development and indicate that
further development of the Transaction Shell approach is
warranted.

The default parameters for delivery seemed appropriate to the
subject in most cases. He varied the parameters only slightly.
The subject prefered to use timed presentations in the Practice
interaction rather than the default of learner control. He also
elected to modify the Testing parameters. He prefered a sample
size of 3 and criterion level of 75% as opposed to the defaults
of 2 and 90%. Interaction parameters were modified as
appropriate to individual lessons. For instance, an overview
module was designed to aquaint the learner with what lessons were

available on the system. This module did not require testing, so
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the Test Interaction was disabled.
V. SOFTWARE LIMITATIONS

Several limitations in the software were discovered and
recommendations were made for future versions. The software had
been developed as a prototype for demonstration purposes only.
This study provided an opportunity to identify wvital factors
necassary for refining the robustness of the program for future
studies. There were some problems with occasional mouse fiilure.
This obstacle needs to be resolved before implementation can
occur. The subject recommended that, in future versions, tir=
author be given options to include different types of feedback
during the test mode. At present there is no feedback during
testing, only during the practice mode. Student record
management was initially a feature planned for implementation in
the next version. The subject strongly encouraged this addition
which he felt would enhance the software. This feature will be
implemented in the next version. In addition, the software is
currently being modified to include data collection of time on
tasks for both authors and students.

Limitations on descriptor size often made the development more
difficult than necessary. Part names had a maximum length of 30
characters and the subject ofter had difficulty abbreviating the
names of parts to fit thic limitation. Part names often
consisted of five or more labels. The function description was
limited to five lines and this was thought to be occasionally
restrictive. Instructional principles prescribe limiting the
amount of knowledge placed in short term memory at any one poirnt.
Good instructional principles have been purposely built into the
Transaction Shell so that instructionally sound CBT will be
developed without the user having to be knowledgeable in the area
of instructional design. However, the military technical orders
the subject worked from to generate the lesson material dictated

longer descriptors than would normally be recommended. This
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conflict can be addressed by allowing larger descriptors than are
recommended with defaults that encourage good instructional

practices.

An additional discovery which prolonged the development was that
each time a detail or general file is linked, the current file
must be saved. Errors surfaced when all links within one file
were made at one time. The subject found a solution to the
problem, which added time to the development process. The
subject's problem-solving approach in dealing with this problemn,
demonstrated his easily acquired knowledge and understanding of
the system. This problem can be eliminated readily through more
thorough preliminary system training and checks within the
software to assure that the instructions are followed.

Several limitations in the graphic identification of parts were
also discovered which may necessitate changes in the future.

Some instances require identifying parts that are inside of other
parts. Information nested for identification was not accessible
during the Explore mode. However, this information could be
accessed during the Demo, Practice and Test modes. The obvious,
immediate solution is to omit the Explore interaction in these
cases.

Identifying parts by location presented a difficulty for the
subject when he wanted to group items that functioned similarly
but were in separate locations on the screen. This limitation
was overcome by grouping items by area instead of by function.

The subject was concerned also with how a student would know when
all of the detail files available on the system had been
completed. A student, if not caretul, might miss some of the
additional files. The subject felt some way of identifying what
the student should accomplish or a map of where the student was
in the system would be an important feature.
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VII. RESEARCH RECOMMENDATIONS

It is recommended that the transaction shell approach to
courseware authoring receive further attention and research.
After correcting the minor mouse and graphics problems, it is
suggested that an experiment be conducted that involves mo.e
subjects, including students, and a variety of content domains.
Factors that should be evaluated in future studies include
learner outcomes, learner performance and courseware
effectiveness. Traditional instruction and instruction generated
by use of the Naming Transaction Shell for this study should be
examined for their effect on the length of time required in
follow-up simulator sessions.

Worksheets were used to help the subject in this study plan and
organize his lessons. He noted that the worksheets were very
beneficial. Automation of the worksheets would be an appropriate
follow-up project which would advance the AIDA concept further.
The worksheets and the exercises were developed as the experiment
progressed. Future experiments should allow for job-aid and
training development preceding the experiment, with ample time
for revision in order to produce higher quality job-aids and
training. A future study should also include the Procedure
Transaction Shell currently being developed at Utah State
University for the Air Force Human Resources Laboratory.

92-19




REFERENCES

Carter, J. (1990). The ICW Decision Handbook. Randolph AFB, TX:
Headquarters, Air Training Command Technical Report in press as
AFP-50-xx.

Faiola, T. (1989). Improving Courseware Development Efficiency:
The Effects of Authoring Systems on Team Roles and Communication,
Educational Technology, Vol. 29(8), pp. 16-19.

Goldenberg, T.Y. & Turnure, J.E. (1989). Transitions between
short-term and long-term memory in learning meaningful unrelated
paired associates using computer based drills, Computers in Human
Behavior, Vol. 5, pp. 119-135.

Lippert, R.C.(1989). Expert systems: tutors, tools, and tutees.
Journal of Computer-Based Instruction, Vol. 16(1), pp. 11-19.

MacKnight, C.B. & Balagopalan, S. (1988-89). Authoring Systems:
Some Instructional Implications, Journal of Educational
Technology Systems, Vol. 17(2), pp. 123-134.

Merrill, M. D., Li, Z. & Jones, M.K. (1990). Limitations of first
generation instructional design. Educational Technology, Vol.
30(1), pp. 7-11.

Merrill, M.D., Li, Z. & Jones, M.K. (1990). Second generation
instructional design (ID2). Educational Technology, Vol. 30(2),
pp. 7-14.

Muraida, D.J., & Spector M. (1990). The Advanced Instructional
Design Advisor (AIDA): An Air Force Project to Improve

Instructional Design. Educational Technology, Vol. (30)3, pp. 66.

Wetzel, D. & Wulfeck, D. (1987). Computer-Based Educational
Software System. San Diego, CA: NPRDC TR-87-25.

92-20




1990 USAF-UES SUMMER FACULTY RESEARCH PROGRAM

GRADUATE STUDENT RESEARCH PROGRAM

Sponsored by the
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
Conducted by the

Universal Energy Systems, Inc.
FINAL REPORT

AUTOMATING TH DMINISTRATION OF USAF OCCUPATIONAL SURVEYS

Prepared by: DeLayne R. Hudspeth and_Paul Fayfich,
Academic Rank: Associate Professor and Graduate Student
Department and Area of Instructional Technology, College

University: of Education, The Univ. of Texas at Austin.
Research Location: AFHRL/MOD, Brooks AFB, San Antonio, TX
USAF Researcher: John Price, SqdlLdr (Australia), AFHRL/MOD
Déte: July 11, 1990

Contract No: F49620-88-C-0053




Same Report as
Prof. Delayne Hudspeth
(Report # 136)

93-2




1990 USAF-UES SUMMER FACULTY RESEARCH PROGRAM /
GRADUATE STUDENT RESEARCH PROGRAM

Sponsored by the
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

Conducted by the

Universal Energy Systems, Inc.

Prepared by: Gillray L. Kandel, Ph.D. (with Ken Fleming, B.S.)
Academic Rank: Professor

Department: Psychology Department

University: Rensselaer Polytechnic Institute, Troy, NY

Research Location: Human Resources Laboratory, Williams AFB, AZ
USAF Researcher: G. Geri, Ph.D.

Date: September 26, 1990

Contract No: F49620-88-C-0053




Same Report as
Prof. Gillray Kandel
(Report # 137)




1990 USAF-UES SUMMER FACULTY RESEARCH PROGRANM/
GRADUATE STUDENT RESEARCH PROGRAM

Sponsored by the
AIR FORCE OFFICE OF SCIENTIFIC RESEARC H

Conducted by the

Universal Energy Systems, Inc.

FINAL REPORT

Prepared by: John E. Holman
Academic Rank: Ph.D. Student
Department and Sociology Department
University: University ot lowa
Research Location: AFHRL/MOA

Brooks AFB, TX 75235
USAF Researcher: Dr Thomas W. Watson
Date: 13 September 1990
Contract No: F4Y620-8%-C-0U53




An Examination of Factors influencing Air Force Enhsted Retention R

by
John E. Holman

ABSTRAC1 l

The purpose of this project is to identity tactors which lead to voluntary
enlisted separation in the U.S. Air Force. A data set was provided by Dr. Fhomas
Watson of the Air Force Human Resources Laboratory which included 3.998 tirst
and second-term enlisted personnel in eight Air Force specialties. Multiple
regression was used to estimate a path model based on the work ot Holman (198Y),
Price and Mueller (1981 and 19%6), and Watson ( 1985). Recommendations based on

the findings are given, followed by a discussion of tuture research possibilities.
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L. INTRODUCTION:

Personnei retention is one of the more thoroughly examined areas in personnel
psychology. Interest in retention has waxed and waned, but the basic tenet ot
personnel research- select the best people possible and keep them- has remained
relatively constant. In the face of cutbacks, it is increasingly important tor the Air

Force to attract, select, and retain people of the highest possible quality.

The Manpower and Personnel division of the Air Force Human Resources
Laboratory (AFHRL) has a iong history of research in both personnel selection and
retention. My master’s thesis reviewed the literature dealing with military retention.
and much ot the work I reviewed was conducted at AFHRL. The purpose ot this
project is to build upon my thesis by using an existing Air Force data set to merge
the existing work in military retention with an established model of civilian

retention.

My research interests lie mainly in the two-pronged selection/retention process. 1n
addition to my master’s thesis, I have participated in several projects dealing with
employee retention, absenteeism, and performance. The past tour years of my
graduate work have given me the opportunity to work with two weli-known scholars
in my two areas ot interest. Protessor James L. Price has worked in the area ot
civilian personnel turnover for many years, and is considered one ot the foremost
authorities in the area. Protessor Frank L. Schmudt is a leading authornity 1o the area

of personnel selection and statfing, and is also a speciaiist in psychometrics.
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IL. OBJECTIVES OF THE RESEARCH EFFOKI:

The main objective of this research eftort is to identify the tactors which lead to
voluntary enlisted separation in the US Air Force. Once these tactors are identitied.
steps can be taken (at the discretion ot policy makers) to foster working conditions
which encourage higher retention. Knowledge of the determinants ot retention can
also help predict future retention rates and predict the impact of policy. soctal, and

macroeconomic changes.

As stated in the introduction, personnel retention has long been a topic ot concern
tor both military and civilian managers. Military research in this area has often
focused on demographic tactors (i.e., age, race, sex) and excluded psvchological.
economic, and structural tactors. This study, drawing upon the work of Price and
Mueller, focuses on the latter. Demographic variables are usetul for prediction. but
carry little explanatory power. In addition, demographic variables are usually more
difficult to manipulate than other types of variables (e.g.. it is easier, both practically

and legally, to change working conditions than employees’ age, sex, or race).

[I. SAMPLE:

The data for this study were provided by Dr Thomas W. Watson of AFHRL. In 1983
Watson sampled first and second-term enlisted personnel serving in one of eight Air
Force specialties (AFSs). The final sample consists of 3.99¥ subjects, with an overall
response rate of 56 percent. The data set was updated by the computer
programming division of AFHRL in the summer of 1990. By this time. all the
subjects had had the opportunity to make a stay/leave decision. Four new variables

were added to the existing data set: 1990 stay/leave status; Date ot Separation:
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Reason for Separatior; and Category of Enlistment (first-term, second-term, or

career airman).

Since this study focuses on voluntary separation. involuntary leavers (n=577) were
excluded trom the analysis. After listwise deletion for missing data, the sample
dropped another 2355 cases, leading to a tinal sample size of 3,160 tor the tuil model.

1.232 subjects lett the Air Force, while 1,434 were retained.

(V. MODEL:

The model ot retention used in this study is based upon three existing modeis: Price
and Muel'er's model of civilian turnover, Watson's model of enlisted retention, and
Holman's model ot military retention. These models use psychological. structural.
and economic variables to explain voluntary separation decisions at the individual

level.

V. MEASUREMENT:

Each ot the subjects was mailed the USAF Retention Survey (USAFRY). a
questionnaire developed by Watson tor the original study. The USAFRYS i
composed ot 154 items, and primarily measures attitudes and perceptions about job

characteristics and outside job opportunities.

The first step of the project was to examine Watson's work and identity his a prior
and empirically derived scales. Some ot Watson's concepts were not used i this
analysis in order to remain as consistent as possible with the civihan literature and o

keep the model as parsimonious as possible. A few items were added or deleted
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trom some scales, and some scale names were altered to retlect changes in the tield

since 1985. Table | shows the names and definitions of the scales used in this study.

Since the USAFRS is not a standardized instrument, exploratory factor analysis was
used to test the discriminant and convergent validity of the hypothesized constructs.

With few exceptions, the hypothesized factor structure was retained.

The next step was to compute the scaie reliabilities. Since all the constructs are
measured at one point in time, Cronbach’s alpha was used to assess the internal

consistency of each scale. The results of this analysis can be seen in Tabie 2.

VL.  RESULTS:

Path analysis was used to estimate both the hypothesized model and the trimmed
empirical model. OLS regression (SPSS-X Version 2.0 and 3.0) was used to estimate
the model through Intent to Stay. Since Retention is a dichotomous variable, logistic
regression (SYSTAT Logit module) was used to estimate the final stage of the path

model. The results ot these estimations are presented in Table 3 and Table 4.

As seen in Table 3, the hypothesized model fits the data reasonably well. Two
hypothesized paths were not significant, however. Distributive Justice and Work
Group Cohesion did not significantly atfect Commitment to the Air Force. These
paths were omitted and a second, trimmed path model was estimated. This model
fits the data as well as the original hypothesized model, and all the paths are

significant.
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Table 1. Vanable Definitions

Air Force
Satistaction

Alienation
Commit_rnent to
the Atlr torce

Communication
intent to Stay
Job Satistaction
Kinship
Responsibility
Opportunity
Pay
Promotional
Opportunity

Routinization

Support

The degree to which an individual likes or idenuties with the
Air Force/military way of lite

The degree to which an individual feels they have controt or
“say” in their job

The relative strength of an individual s identitication with and
involvment 1n the Air Force

The degree to which intormation is transnitted among
organizational members

An individual s perception of the likelihood u: ~ortinued
membership in the Air Force

The degree to which individuals like, or have a positive
attective orientation toward their job

The degree of an individual's obligations to relatives in the
immediate community

The perception and evaluation of the availability ot alternate
jobs In the organization s environment

Remuneration received by employees tor carrying out their
duties

The degree of potential vertical occupational mobility within an
organization, also known as "internal labor markets”

The degree to which a job is repetitive

The support for continued military membership received by the
member from spouse. tamily, and/or triends
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Table 2. Reliability Analysis ot Constructs (Cronbach s Alpha)

Construct Number of Reliability
Name © Items Coefticient
Air Force

Satistaction 2 846
Autonomy 2 T8
Commitment to the

Air Force 10 8ol
Communication 7 B28
Distrubutive

Justice 3 o8
Intent to Stay 4 950
Job Satistaction 3 187
Opportunity 6 831
Promotional

Opportunity 2 S21
Routinization 3 001
Support 2 565
Work Group Cohesion 3 763
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Table 3. Path Analysis Results: Initial Model (standardized coetticients)

Dependent Variable

Independent

Variable Satistaction Commitment Intent KRetention
AF Satis. AYo***
Alienation -y - lyy ==
Cohesion DYgxr= Ve ---- -
Communication 0o ** BETE*
Dist. Justice - o -
Kinship ---- ---- S35 SY0E*
Opportunity NTYALE: NRNULL L B R
Pay 0437
Promo. Op. Ag2=* L5 Fx* -—-- -
Routin. -382xx= —
Support ---- e Ad0FEE
Job Satis. ---- 287
Commitment - - Syyx==
Intent to Stay - ---- Nl it
Constant 13.470 1.457 2.285 1.YI4
R2 292 547 350 239
Adjusted R?2 291 546 336 238

EEP < W)
p <.l
*p <.
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Tabie 4. Path Analysis Results: Trimmed, Empirical Model (standardized

coetticients)
Dependent Variable
Independent
Variable Satisfaction Commitment Intent Retention
AF Satis. - AYsFxE -
Alienation -Ys=== S2007** - ——--
Cohesion Y3*== - -
Communication d63x=* N17.0 Sl
Kinship - - 35%== R | ke
Opportunity ---- ~U47%*= SR L R
Pay 0427
Prome. Op. 040* Og5*** - e
Routin. -384%** -—-- ——-
Support P (T
Job Satis. ---- 29 x* ——
Commitment ---- - JYyxx=
Intent to Stay - - e Kol Rl
Constant 13.341 2.201 2.285 1.Y14
R2 291 547 350 239
Adjusted R? 290 546 356 258
*=xp < QU1
**p <.l
*p < .05
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Routinization was the most important determinant ot Job datistaction. Next was
Communication, followed by Alienation, Work Group Cohesion. Pay., and
Promotional Opportunity respectively. Air Force Satistaction was the most
important determinant of Commitment, tollowed by Alienation. Job Satistaction.
Communication, Promotional Opportunity, and OUpportunity. Commitment o the
Air Force was the most important determinant of Intent to Stay. toliowed by
Opportunity, Support, and Kinship Responsibility. Intent to Stay was the strongest

predictor of Retention, followed by Kinship Responsibility and Opportunity.

Vil. RECOMMENDATIONS:

The purpose of this paper is to use past work in retention to build a mode!l which
does a reasonable job of explaining Air Force enlisted retention. Although many ot
the variables do not lend themselves to manipulation, four tfindings stand out as
possible candidates tor policy consideration. It would, of course, be up to
policymakers to determine whether these findires can truly be implemented in some

way.

The strongest finding is that Air Force Satisfaction increases Commitment to the Air
Force. Since Air Force Satistaction may be largely determined pre-entry. it may be
tfruitful to seek personnel who would enter the Air Force with relatively high Air
Force Satistaction (e.g., people from military tamilies). Perhaps a personality

inventory could be designed which taps this concept in applicants.

The second strongest tinding is that Routimzation decreases Job Satistaction.
Perhaps the various Air Force specialties could be examined tor ways ot increasing

variety on the job.
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The third strongest finding is that Alienation reduces Commitment to the Air Force.
Something along the lines ot participative management techniques might reduce

feelings of alienation and thus increase Commitment.

The fourth strongest finding is that Communication increases Job Satistaction.
Keeping personnel as well informed as possible and allowing them some 1nput (e.g..
a suggestion box) may increase Job Satistaction (and may have the side ettect ot

reducing Alienation).

VII. FUTURE WORK:

This project should be viewed as a preliminary report. There are many more steps
that should, and hopefully will be taken. One of these steps is to look for
theoretically meaningful moderator variables. With the weaith ot demographic
information in Watson’s data set, potential moderators such as age, gender, grade.

# FS and tenure can be explored.

A strength of the updated data set is that all subjects have had the opportunity to
make a stay/leave decision. One probable eftect ot the relatively large time frame
between the administration of the questionnaire and the measurement of stay/leave
decisions is lower explanatory power and thus the moderate R for the actual
Retention model. It might be helpful to move the cutotf tor stay/leave decisions
closer to the date of questionnaire administration, discarding subjects who had not

had the opportunity to make a decision.

The number of involuntary leavers (577) should provide sutficient statistical power

to examine how well the model works for involuntary leavers. Since the model was
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developed to explain voluntary turnover, one would predict a poorer tit when the

subjects are involuntary leavers.

As stated earlier, the current model is an attempt at a general model ot retention. A
test of its generality would be to include determinants which are more sample-
specitic. Some examples are Watson s variabies “Bonus Adjustment Sensitivity .
“Impact of Assignments’, and "Importance of Air Force Benetits”. It including these
variables substantially improves the model's fit, then the generality of the onginal

would be called into question.

Future analyses of this data set should use LISREL to estimate the path model
(LISREL was not used for this report due to software and hardware limitations).
LISREL is becoming the method of choice for path analysis because it
simultaneously estimates a measurement model and a structural model. An
additional benefit of LISREL is that path coetticients are corrected for

measurement error.

Event history analysis is another technique which is increasingly being used in
turnover/retention work. The advantage of event history analysis is that the eftect
of time can be modeled. Traditional retention work looks at a specitic frame ot time
and sphits the sample dichotomously into stayers and leavers. Event history analvsis
not only looks at who stays and who leaves, but also how long the Icavers worked
betore leaving. A word of caution is necessary for military retention research: event
history analysis assumes time to be a continuum and that an event (quitting) can
occur at any point in time. The military has explicit terms of employment. and
members cannot simply leave at will. Researchers who wish to use event history

analysis for military retention work may want to consider modeling time as a
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discrete phenomenon, i.e., as a series of reenlistment decisions throughout an

individual’s career.
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I. INTRODUCTION:

The coding and processing of contours is important to a full understanding of form
perception by the human visual system. Fourier descriptor research provides a way of
quantifying a contour and therefore provides a way of relating the phenomena associated

with exposure to contours to other visual phenomena.

We have been involved, for the past two years, with the study of edge detection and
have used an adaptation paradigm to study the perception of simple curves.That research
has shown us that the perception of even simple curves is intricately related to the
complexities of contour processing in humans. We have also had experience with the
numerical solution of partial differential equations (PDEs). Given our technical
backgrounds we recognize the necessity for an objective measure of stimulus shape. Such a
measure has not been used in the curvature adaptation research to date. In addition, we
comprehend the complexities involved in the numerical solution of physical and

psychological problems. This is definitely needed to do Fourier Descriptor research.

At the Human Resources Laboratory at Williams Air Force Base there has been
much work done involving Fourier descriptors and contour perception. Recently their work
has centered around distinguishing the differences between contour perception in the fovea
and in the periphery. Our previous work with perception of and adaptation to simple curves
is related to peripheral vs. foveal contour perception. We have exposed human subjects to
curves which are adjusted by the subject and change from peripherally based to entire'y

foveal.
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I1. OBJECTIVES OF THE RESEARCH EFFORT:

Although Fourier descriptors have proven to be an excellent way of quantifying
stimulus shape and have been shown to be moderately easy to generate (Kuhl and
Giardena, 1982), very little has been done with this method in psychophysical
experiments. In addition, whether the amplitude of the Fourier descriptors is a valid metric
only for the fovea and must be modified to accommodate increasing eccentricity still
remains an open question. Geri and Lyon (1990) did find that, as eccentricity was
increased, it was necessary to correct with a cortical magnification factor (CMF) in order to

obtain the same sensitivity in the periphery as in the fovea.

Thus we decided, along with our research supervisor, to work in the periphery with
contour stimuli. We decided to see how sensitivity to differences in the phase between two
stimuli changed with foveal versus peripheral presentation. The basic Fourier Descriptor .
research gave us a means of generating stimuli whose harmonic frequency, amplitude and

phase could be varied.

After investigating various methods for generating Fourier Descriptor stimuli (e.g.
Zahn and Roskies, 1972 and Kuhl and Giardina, 1981) we decided on a simpler means of
generating the stimuli, using polar plots. In addition we decided to vary the phase of our

stimuli and to test in the fovea and in the periphery at 40° eccentricity.

Upon completion of the project we took data from 2 observers and were able to

measure the change in sensitivity with respect to phase and eccentricity.
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III. METHODS:

The observers were 2 researchers at HRL. One (JW) was a 22 year old female
graduate student. The other (GG) was a 39 year old male member of the HRL research

staff .

The stimuli were rose curves (Selby, 1968) which were added to a circle of radius

q. The functional expression for the curves was:
r=a-cos(n®) +b - sin(nG) +q n

where, assuming that the value of q is sufficiently large, the number of leaves is determined
by n. The size of the individual stimuli is determined by the magnitude of a and b and the
phase by the ratio of a to'b. Since there are sin like undulations around a circle, the rose
curve with n=3, for instance, can be described as having 3 cycles/perimeter and will be

referred to as a 3rd harmonic. Fig. 1 shows the components of an example stimulus.

The stimuli used in the study were composed of a 3rd harmonic at one of three
different phase angles, added to a circle and then to a 4th, 6th or 9th harmonic each also at
one of set of phase angles. Shown in table 1, are the combinations of harmonics and
phases used to create the stimuli for the present study. Figure 2 shows some typical stimuli

and identifies their components.
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3rd Harmonic Circle 4th Harmonic Sum

Final
Stimulus

Figure 1: A progression showing the components of an example stimulus

n=3 n=4 n=6 n=9
Phase Angle 30° 22.5° 15° 10°
70° 40.5° r 18°
110° 58.5° 3P 26°
76.5° S1° 34°
94.5° 63° 42°

Table 1: Stimuli were composed of a 3rd harmonic at one of the three phases added to
one of the other harmonics at one of its 5 phases.
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The stimuli were presented on 35mm slides. The apparatus for stimuli presentation
and observer response consisted of 2 slide projectors, 2 frosted screens set in front of them
and an observer response station in front of the two screens. For the foveal condition the
stimuli were 0.64° of visual angle across and were projected on one screen and separated
by 1.25° corresponding to an eccentricity of 0.75°. For the peripheral condition the stimuli
were 17.2° of visual angle across and were projected on two screens and separated by 8§0°
corresponding to an eccentricity of 40°.The experimental chamber was kept completely dark
except for the light from the projectors. The dark images which the subjects viewed were

0.1 ft/lamberts and the light surrounding them was 10 ft/lamberts.

IV. PROCEDURE:

The subjects were shown 720 presentations of stimuli in each of 6 sessions. During
3 of the sessions they were given the foveal condition and during the other 3 they were
given the peripheral condition. They were shown pairs of stimuli which they were
instructed to judge for similarity. The standard stimulus was a 3rd harmonic at one of the
three possible phase shifts added to one of the higher harmonics at its lowest phase shift.
The comparison stimulus was the same combination of harmonics as the standard except
with a different phase for the higher harmonic component. It is important to note that the
phase of the 3rd harmonic was always the same between the pair to be judged. The stimuli
were both presented at the same time for 0.2 seconds. Subjects responded by rating the
similarity on a scale of 1 to 5. At the same time subjects pressed one of two keys which
recorded a response of same or different in a computer. These two responses were later
compared for accuracy. Rating responses were always recorded by one of the

experimenters.
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Each session lasted about 45 minutes and subjects had at least another 45 minutes in
between sessions. In addition, the rate of stimuli presentation was self paced and subjects

took a few moments rest when they felt tired.

V. RESULTS:

In general, even with a CMF of 26.9, sensitivity in the periphery, as measured by
percent correct vs. percent wrong, was not as high as in the fovea. In addition, in both
subjects the sensitivity went down to a level approaching chance for the 3rd, 9th harmonic
combinations in both foveal and peripheral conditions. This would follow as these stimuli
had much more complex contours (see Fig. 2, bottom row). Also, changes in the phase of
the 3rd harmonic had no significant effect on perceived similarity. So, throughout the rest
of this paper results specifying phase will always be in reference to the higher harmonic

component.

For the foveal condition, both subjects were most sensitive to differences between
the 3rd, 4th harmonic combination. Both showed very high degrees of sensitivity with
comparisons to the base and 58.5° and above. Sensitivity went back down with phase
change above 76.5°. For the 3rd, 6th harmonic combination the results were similar, with
sensitivity peaking at 34° and being lowest at 18°. Peak and low sensitivities could not be
determined for the 3rd, 9th harmonic combination, as the sensitivity functions clustered in

the same spot, just above chance for JW and around chance for GG.

In the peripheral condition the sensitivity functions were not as spread out and 1t
was not possible to determine the peak or low stimulus conditions. However both subjects
were able to discern differences between the 3rd, 4th harmonic stimuli with considerable

accuracy. This accuracy dropped off considerably with the 3rd, 6th harmonic stimuli and
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clusters around chance for the 3rd, 9th harmonic condition. Again, in general sensitivity is

not as high for the peripheral conditions despite the very large CMF.

V1. RECOMENDATIONS:

The results of this research suggest the need for a couple of detailed investigations.
First there is the need to investigate the apparent difference between foveal and peripheral
discrimination of contour stimuli. The fact that such a large CMF (26.9) was not able to
account for these differences suggests that they have less to do with the reduced acuity in
the periphery and perhaps more to do with a fundamental difference between fovea and
periphery in the way these two areas handle contours. Also, it would seem wise to continue
to investigate the way the visual system processes more complex stimuli as it may be that
adjusting parameters such as the length of presentation interval may bring the
discrimination of more complex stimuli ( such as ours containing a 9th harmonic) up to a

level comparable to that for simpler stimuli.

It might also, prove fruitful to implement a descriptor model using a generation
scheme similar to the one used in this research. This would be advantageous for a couple of
reasons. First, this model has the advantage of generating homogeneous harmonics across
different base figures. The current methods generate different harmonics for different
coded stimuli. This method could be much more general. This will become important in the
investigation of the differences between peripheral and foveal contour processing since a
very specific model may (and in deed has) over looked such differences. Second. but
certainly not of secondary consideration, is the fact that this model would be considerably
simpler than the current one. This simplicity comes in handy when the model is extended to
consider the wide range of types of vision like peripheral to foveal. As the range of

processes the model is developed to reconcile widens so will the complexity of the model
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and the calculations associated with it increase. An initial simplicity will go a long way

toward ensuring that the complexity does not grow to large to handle.
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Cognitive Determinants of Graph Reading Skill

by

Carol 8. Soulé

ABSTRACT

This study investigates graph reading skill by examining
some of the associated underlying cognitive determinants.
The general theoretical framework that guides this study
suggests that working memory, general knowledge, and prior
specific knowledge of graphs predict graph reading skill
proficiency. The data were collected from 300 Air Force
recruits. A test battery was administered that included
tests of prior knowledge, general world knowledge, working
memory, as well as a general learning task of graph reading
skill. Results indicate that within the theoretical
framework, working memory, general knowledge, and specific
prior knowledge together provide a model that depicts

general learning of graph reading skill.
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I. INTRODUCTION:

Proficiency in graph reading skill is necessary for the
successful implementation of many types of tasks, including
flight engineering. Research dealing with the question of
graph reading, or graph interpretation, has focused on
perception, comprehension, or graphic design. To date
research on craphs has not explored the more complex
relationships between determinants of cognitive processing

and graph reading skill.

The present study concerns the identification of some of the
sources of individual differences in graph reading skill. A
major question that érises in this effort involves which
psychological constructs are needed to predict proficient

graph reading skill.

The Learning Abilities Measurement Program (LAMP) of the Air
Force's Human Resources Laboratory (AFHRL) at Brooks Air
Force Base is especially concerned with the development of
techniques for assessing individuals' knowledge and skill
levels. The summer assignment at the Manpower and Personnel
Division enhanced my research interests in the cognitive

psychological constructs of graph reading skill.




II. OBJECTIVES OF THE RESEARCH EFFORT:

The goal of this research is to investigate graph reading
skill by examining the associated underlying cognitive
abilities. Specifically, do the sources of prior specific
knowledge, working memory, and general knowledge correlate
with graph reading proficiency? Further, which of these
cognitive determinants best predicts graph reading skill

proficiency?

The general theoretical framework guiding this study
(Anderson, 1983) suggests that declarative knowledge and
procedural knowledge influence the ability to do a skill in
any domain. The Kyllonen and Alluisi (1987) model proposes
that the way in which individuals process information is
governed by five different sources, (a) working memory, (b)
declarative knowledge, (c) procedural knowledge, (d)

environment, and (e) cognitive processes.

Using this framework, two explanations for graph reading
skill proficiency can be proposed. One is that graph
reading is primarily determined by prior specific knowledge
of graphs. The other explanation is that working memory is

the primary determinant of proficient graph reading skill.

Data collection consisted of a battery of ability tests, and

an instructional and testing session concerned with graph
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reading skill. The abilities section includes (a) three
measures of specific prior knowledge of graphs, (b) three

measures of general world knowledge, and (c) three measures

of working memory.

The general learning section consists of six measures of
graph reading skill, including both declarative and
procedural phases of learning. The instruction started with
basic graph reading terminology and components, then
advanced to inferential graph reading skills, including

calculating displacement and slope.

The entire test battery was administered to 330 military
recruits at Lackland Air Force Base (LAFB), Texas. Subjects
were in their eleventh day of basic training. All test

materials were computer administered.

IIT.

a. A hierarchical path-analytic model was developed and
tested for the data. The model was based on suggestions
made by Gustafsson (1989), with further clarifications by
Kyllonen (1990). The model, shown in Figure 1, uses
standard path analysis notations. 1In the model, Working
Memory (WM) is a determinant of performance in all of the
nine cognitive tests. General Knowledge (GK) is a

determinant in tests of general knowledge, as well as tests
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FIGURE 1

Path diagram of the model for the data with standardized
parameter estimates from the maximum likelihood solution.
(WM = Working Memory; GK = General Knowledge; SK = Specific
Knowledge; GL = General Learning; e = errors in variables; D
= disturbance in factors.)
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of prior Specific Knowledge (SK). In conformity to
hierarchical specification, WM, GK, and SK are orthogonal to
one another. The learning task is modeled using one factor,

General Learning (GL).

b. The data fitted the model well, by Bentler and Bonnett's
(1980) non-normed fit-index (NNFI = .978), and by a chi-
square test (x2(77]) = 88.5,p = .174). The primary finding
was that the Working Memory factor played the greatest role
in determining success in graph reading proficiency. All of
the cognitive abilities tests loaded significantly on the
Working Memory factor. The best indicators in the General
Learning portion of the model were the procedural learning

measures.

A rational argument on the side of individual differences
analysis is that if a person has a larger working memory
capacity then they should do better on graph reading tasks.
Graph reading should be easier for a person who has a larger
working memory capacity because they have an increased
ability to hold information they are currently working on;
enough so that correct decisions can be made about the

material at hand.

Another rational is that if a person has more knowledge of
graph reading facts and rules (specific prior knowledge),

then they should do better on a graph reading task. This
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means that graph reading should be easier for those who have
a built-up knowledge about graphs, and this would be

reflected in better performance on graph reading exercises.

IV. RECOMMENDATIONS:

a. From the results of this study it appears that working
memory, general world knowledge, and specific prior
knowledge of graphs each play a significant role in the
general learning of how to read graphs. Working memory
plays a greater role than prior specific knowledge.
Procedural and declarative learning were not separable
factors in this study. Only one factor, General Learning,

was delineated in the measurement portion of the model.

This study was designed primarily to determine if a general
cognitive theoretical model would fit the data, and if so,
which factors are the primary contributors to graph reading
skill. Similar models using the hierarchical modeling
approach can be designed for other types of skills to

observe the relationships among the cognitive determinants.

b. Based on the results of this study, it can not be
concluded what type of working memory or specific prior
knowledge predicts graph reading skill the best. A fruitful
follow-on research to this study would be one in which

spatial and verbal working memory were separate factors.
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Specific prior knowledge could similarly be divided into
separate prior declarative knowledge and prior procedural

knowledge factors.

c. Another suggestion for further research would be within
the aptitude-treatment-interaction paradigm. Such a study
could track a student's progress through a series of
learning tasks over a span of time, rather than relying on
information obtained in one setting. Different graph
reading modules could be designed to test for student

aptitude, and/or learning style interactions.
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Andrew R. Bonas

ABSTRACT

Although not exact, contaminant transport and fate models have

become more complex and reliable in the last decade. Use of
these models could provide the Air Force Installation Restoration
Program with a reliable and cost-effective tool for evaluating
different remediation schemes, locating sources and determining
risks. To this end, a list of modeling parameters that would
need to be collected in the field was compiled. Also, a computer
data base of parameters that have been listed in the literature
was created to aid modeling in the absence of field data.
Research was also conducted on tetrachloroethylene to determine
how it could best be modeled. Eventually a computerized decision
tree could be developed to enhance and facilitate the entire

modeling process.
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I. INTRODUCTION

Nature is an extremely complex organism that can seem completely
unpredictable. In order to better understand its mysteries man
has learned to peel away the layers and loock only at a small part
of it at a time; to literally study one small section. With the
advent of the personal computer, man has been able to take wha:
he knows about that one small section and piece it together witn
numerous other sections in order to better predict nature’s

behavior. It is this concept that lies behind the idea of

computer modeling.

Computer modeling of groundwater has been in practice for several
decades. It was not until the develqpment of the Method of
Characteristics model, written by Konikow and Bredehoeft,
however, that it became an accepted tool for predicting the
transport of contaminants. Even today, though, groundwater

modeling is not always received with open arms. Some of this

(o)

skepticism is well grounded; the most complex models stil
require some basic assumptions about the area being modelled.
But some of this skepticism is also based on the fear of the
unknown workings of the models and the disappointment when they

do not produce an exact answer.
Modelling can, however, be used as an effective tool nct only to

predict future contamination. but also to determine sources c¢*

contamination and evaluate different remediation schemes. The
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use of computer models can lead to a more efficient and cost
effective Installation Restoration Program (IRP) in the United

States Air Force.




I1. OBJECTIVES OF THE RESEARCH EFFORT

Upon arrival at Brooks Air Force Base in San Antonio there were
several objectives which my supervising professor, Dr. Medina,
and myself hoped to acccmplish in our ten weeks. Among these
were the following:
i.) An evaluation of the list of parameters currently
being captured by the Installation Restoration Program
Information Management System (IRPIMS). In order to
successfully model a site, some parameters that would
not normally be gathered are necessary. A list cf
these parameters could be included in Air Force
statements of work for other data collection.
ii.) A compilation of = computerized data base of
reported literature values for various modeling
parameters. When these parameters have not been
collected in the field because a quick, rough model is
needed or cost prevents their collection. this data
base can provide numbers that are more reliable than
educated guesses.
iii.) A series of seminars on the theory behind surface
and ground water models. A greater understanding of
the models can help remove some of the mystery behind
them and reveal some of their limitations.
iv.) A literature research into how models can and have
been used successfully in the real world.

v.) The possibili:y of the development of a




computerized decision tree for choosing appropriate

models for various situations.




IIT.

i.) An evaluation of the list of parameters currently being
captured by IRPIMS revealed that many parameters necessary for
modeling are not collected. These parameters include effective
porosity, transmissivity and/or hydraulic conductivity, total
organic carbon, and others. A list was thus compiled sc¢ that it
could be included in Air Force statements of work for csites where

modeling was to be done.

1ii.) Using PC-File and data from several Nuclear Regulatory
studies a data base of modeling parameters was compiled. Each
record in the data base included headings for the general
parameter measured, the type and sub-type of the rock for which
it was determined, the authors of the study, and the location of
the tests. By using PC-File, the data base is capable of being
searched by any one of the above mentioned headings, providing

easy access to a large amount of literature data.

iii.) During our stay at Brooks Air Force Base Dr. Medina
presented two seminars, one on surface water modeling and one on
groundwater modeling. Both of these seminars concentrated on
giving an overview of the theory behind models. It was hoped
that this background knowledge would help remove some cf the
mystery behind models and give some insight into their

limitations.
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iv.) While at Brooks we discovered that one of the most common
contaminants that faces the Installation Restoration Frogram i=
the chemical tetrachloroethylene or PCE. Because of its
frequency of occurrence, we decided to research sume of ‘h: mor:
recent sztudies that have been conducted on it to determine “he
feasibility of modeling it given appropriate aquifer —onditionz.
The research included determination of its general toxicity
background, sorptive properties, ability to bilodegrade into more
dangerous chemicals such as trichlorcethylene and vinyl chlaride.
and models that have been created to simulate these properties.
This research culminated in a report that will allow it to be

modeled more easily and accurately in the future.

v.) The ten week time frame for our work at Brooks did not =nable
us to develop any type of computerized decision tree for
modeling. Our time there did, however, help us to determine how

such a system could best serve the Air Force's needs.
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1v. RECOMMENDATIONS

Although we were able to accomplish a great deal, ther 2 mooh
mere work that could be done. One of the most obvicus apd
important is to actually model & site, especially = BB
contaminated site. Also, follow up work on what was achieved

would greatly enhance its value. For instance. the compuater oeoed

data base of modeling parameters contains over one thousand
records but represents only a small fraction of what hacs been
reported in the literature. Furthermore, the development of o
computerized decision tree for evaluating alternatives could be

an invaluable, cost-effective tool for the Air Force.
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EFFE F REPEATED DAYS OF LIGHT WORK AT MODERATE
TEMPERATURES IN THE PROTECTIVE CLOTHING

by

Janet Solomon
Janis Beaird
James Kime

ABSTRACT

Six subjects participated in a study investigating the effects of
repeated days of light work at moderate temperatures in the
Chemical Defense Ensemble (CDE). This study was designed to
evaluate individual physiological responses to identical workload and
environmental conditions to determine if mean data is appropriate
for estimating work capabilities while wearing the CDE. Each subject
donned the CDE and exercised on a cycle ergometer in a heated room
(29°C) at a work rate of 38 W until reaching a rectal temperature
(Tre) of 38.3°C. The subjects then ended this work cycle and rested
in a cool room (21°C) to a Tre of 38°C. The exercise was repeated to a
Tre of 38.3°C, and subjects recovered as before. The work/rest
sequence was repeated for four hours on four consecutive days. The
data indicates that large differences exist in individual performance
while wearing the CDE. Further research is needed to investigate the
possibility of creating individual performance prediction equations
using easily obtained field data.
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I. INTRODUCTION:

It is well established that the use of protective clothing in moderate
to hot environments attenuates work capacity (Atterbom and 1
Mossman, 1978; Smolander et al., 1984; Goldman, 1985; Bishop et al.,
1988; Constable et al., 1988; White et al., 1989; Nunneley, 1988,
1989). In many military and industrial situations where the use of
protective clothing is required, repeated days of work are often
necessary. Many studies have investigated the physiological effects
due to wear of the Chemical Defense Ensemble (CDE) at different
work loads and temperatures (e.g. Bishop et al., 1988, Constable et
al., 1988). However, previous research on effects of protective
clothing have deliberately been designed to avoid repeated
exposures to work in the clothing to avoid any residual effects.
Because of this little is known about the physiological consequences
of repeated days of work in protective clothing or the individual
differences in work capacity while wearing the CDE. In attempting to
make predictions about work performance, some investigators have
created equations which assume certain constants; expecting
individuals of varying fitness or acclimatization to perform equal
amounts of work in the CDE. An alternative to this traditional
approach to modelling physiological responses is to predict an
individual's response based upon previous data recorded in a brief
exposure to a similar environment. This approach has been
described by Bishop (1990), and is termed "Empirical Prediction”
(EP).

II. OBJECTIVES:

It is of value to understand the physiological stress placed on the
body due to wearing the CDE. Several researchers have established
guides that estimate the amount of work that can be expected from a
person donning the CDE at different workloads in different
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temperatures. These guides are based on group mean data and do
not consider physiological differences in human performance. In
addition, little is known about how the cumulative physiological
effects of repeated days of work in the CDE alter work capacity. The
purpose of the present research was to examine the effects of four
consecutive days of exposure to light work in protective clothing in a
moderate environment and to observe whether a significant amount
of individual variability in physiological measures, such as Tre
change during work and rest, existed between subjects. Our
assignment as participants in the 1990 Summer Graduate Research
Program was to collect and analyze initial data concerning the
physiological consequences of repeated days of light work in a
moderate environment while wearing the CDE. This preliminary
research was also designed to determine if further investigation
would be necessary to create an empirically based prediction
equation for individual work capacity while wearing protective
clothing.

II1. METHODS:

Subjects for this study were six volunteers from the Brooks AFB
military and civilian community (five male, one female). Two of the
authors served as subjects. Subjects provided informed consent in
accordance with USAF requirements. Subjects were heterogeneous
in size, physical fitness, and acclimation state.

After completing a survey of their athletic activity, recreational
activity, and exposure to hot environments, subjects were weighed
nude. They then were instrumented with thigh, calf, chest and
forearm skin thermistors, a heartrate monitor (Exersentry), and
rectal thermistor located 10 cm beyond the anal sphincter. Subjects
then donned a 50% cotton/50% polyester undershirt and shorts,
standard military fatigue pants and shirt (50% cotton/50% polyester).
chemical/biological overgarment (carbon impregnated foam pants
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and jacket), MCU-2P gas mask, butyl rubber hood, and butyl gloves
with cotton liners. Athletic shoes were worn for comfort and safety.
This chemical defense ensemble (CDE) configuration has an insulative
value of 2.3 clo, (1 clo = 5.55 Kcal/m2?/°C) and an impermeability
index of 0.2.

After being weighed in the complete CDE, the subjects entered a
heated room (29°C) where they exercised by riding a cycle ergometer
at a work rate of 38 W (225 kpm) until rectal temperature (Tre)
reached 38.3°C. Subjects were then moved to an air conditioned
room (21°C) where they cooled down to 38.0°C. This was intended to
simulate employment of a microenvironmental cooling system or
other cooling protocol. Subjects then reentered the heated room and
repeated exercise to 38.39C, recovering as before. This work/rest
sequence was repeated for four hours. Subjects were then
reweighed both nude and clothed for determination of sweat
production and evaporation. Subjects were permitted to drink ad
libitum, and volumes were recorded.

Mean skin temperature was calculated according to Burton (1935)
and surface area according to Dubois and Dubois (1916).

IV. RECOMMENDATIONS:

a. Numerous studies have shown that when wearing protective
clothing, human physiological work capacity is reduced substantially
(Atterboom and Mossman, 1978; Smolander et al., 1984; Goldman,
1985; Bishop et al.,, 1988; White et al., 1989; Nunneley, 1988, 1989).
Researchers have previously developed mathematical models to
predict aspects of the physiological response to a given set of work
and environmental conditions while wearing the CDE (Givoni and
Goldman, 1968; Wissler, 1986; Pandolf et al., 1986). These models
assume certain constants for all individuals. For example single body
specific heat, single mechanical efficiency, initial rectal temperature
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(Tre), tissue conductance, and clothing fit are weighted equally for all
subjects.  Therefore, individual human physiological variability is
ignored. However the fact that individuals differ in body
composition, morphology, physical fitness, motivation, and efficiency
is obvious and inter-subject variability is well documented (e.g.
Mar'yanovich et al., 1984; Vogt et al., 1983; Krajewski et al., 1979;
Bell and Walters, 1964).

The present study, though limited by a small subject pool, indicates
great variability among subjects while working at a constant load in
a similar environment. Figure 1 shows that individuals baseline Tre
varies both among and within subjects from day to day. This could
be due to a variety of factors including cumulative stress or
acclimatization. In response to the task of work to a Tre of 38.3°C
followed by rest to a Tre of 38.0°C, work to rest ratios varied greatly
(Figure 3).

As mentioned previously, subjects began the first cycle of this
experiment with a range of initial Tre's. As a result, there were
various deltas in Tre during the first work cycle to 38.3°C (Figure 2).
Following the first work cycle, all subjects cooled to a Tre of 38.0°C
before beginning work again and all subjects ended work at 38.3°C
for all subsequent work/rest cycles. If we could assume that all
humans begin work in similar physiological states and progress in a
similar manner while performing the same work in the same
environment, performance could be predicted for all individuals
using mathematical equations that assume certain constants for all
subjects. If this were the case, individual performance for the entire
experiment could have been predicted following the first work/rest
cycle. However, in this particular study, variability among subject
performance was quite large and if the present methods of
predicting performance in protective clothing using mean values had
been applied, heat injury could have been a potential problem. For
example, one person may perform at or above the work
requirements of the group mean predictions while another person
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may perform severely below the work requirements of the group
mean predictions and therefore be in danger.

This study indicates that although you might expect subjects to
perform similarly under the same conditions, in reality individual
performance covers a wide range from the mean in most instances.
For example, subject 3 had an average work-rest cycle ratio of 6:1 on
day 3 of this experiment, while the average for all subjects was 2.5:1
(Figure 3). This subject was extremely fatigued and refused to
continue work on several occasions. This is an example of the
problems which can arise when expecting all individuals to respond
similarly to” a protocol designed for a group mean.

An alternative to traditional modeling of physiological responses is to
predict an individual's response based upon previous data recorded
in a brief exposure to a similar environment. This approach has been
described by Bishop (1990), and termed "Empirical Prediction" (EP).
The refinement of this approach would allow for more accurate
guidance in the use of personnel exposed to heat stress conditions;
for example, when wearing the CDE and working in warm or hot
conditions. It would also aid in reducing the risk of heat stress which
is inherit in current predictive equations. The present investigation
adds evidence indicating a need for further perfection of the
empirical prediction equation proposed by Dr. Bishop.

b. It is important to understand how individuals will respond to
certain work loads and environmental conditions while wearing the
CDE. As stated earlier, there have been numerous studies which
have investigated these variables. However, these studies were
designed to avoid cumulative stress. Subjects were asked to work on
one occasion and were not allowed to participate again in the
experiment for several days. Thus, there is no documentation of how
individuals respond to repeated days of work in the CDE.

When looking at figures 1 - 6 , it is evident that each subject differs
in their response to work from day to day. Subjects two and six
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were acclimated to work in hot environment, but were not similar in
repeated day responses. The other four subjects also differed in
their day to day responses.

Further investigation is needed to understand these cumulative
effects of work since it is unlikely that in an actual working
environment a person could work one day and rest seven or more.
Therefore, it is necessary to try to determine how individuals will
respond in protective clothing when asked to work for consecutive
days.

When looking at this preliminary data, there are no obvious trends in
physiological responses from subject to subject or day to day.
Therefore, we recommend that future investigation concentrate on
the development of prediction equations that can estimate individual
work potential. Also, efforts should be made toward understanding
how cumulative days in the CDE can affect individuals performance.
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3. Work/rest graphs for each subject on four consecutive work days.
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Organizational Learning and Aircrew Performance
by

Thomas J. Broersma

ABSTRACT

Organizational learning theory und action science heuristics were used in this interpretive
study of Airborne Warning and Control System (AWACS) aircrew performance. The data
for this study are drawn from an unclassified research study currently being conducted at
Brooks AFB. The research simulation uses six empirically derived, unclassified, air
defense AWACS scenarios. The actions taken and communications of one team were
transcribed and ten critical incidents were interpreted. The study found that the
organizational learning patterns of the team were problematic but two examples of "double-
~ loop" learning were identified. This suggests that the team was beginning to correct the
flaws in its pattern of organizational learning. Further research will compare the team'’s
organizational learning patterns with other high workload scenarios in which the team
achieved higher levels of performance. The final stage of research will be to compare the
organizational learning patterns of all twelve teams which participated in this simulation

experiment.
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I. INTRODUCTION:

This interpretive study is an inquiry into the nature of organizational learning.

»_

Organizatons when viewed from a theory of action perspective are social entities which

engage in continuous processes of problem solving which Argyris and Schon (1978) have
termed organizational learning. The general question of interest in this study 1s how
organizations learn to perform at high levels of efficiency and effectiveness in the midst of a
complex social and political environment.

I[I. OBJECTIVE OF THE RESEARCH EFFORT:

The objective of this study was to analyze the learning patterns of an aircrew in an attempt

to explain the level of performance achieved by them. While the simulated organization of
this research study involved many actors, the study focused on the organizational learning
patterns of a group of three weapons directors (WDs) and a senior director (SD) in an
environment simulating a highly controlled air defense setting. Throughout the
experiment, the performance goals the group is seeking to achieve remain clearly defined
and unquestioned. Thus, this study does not involve organizational learning oriented
toward the revision or modification of performance goals.

1. RESEARCH METHODOLOGY:

The data for this study are drawn from an unclassified research study currenty being
conducted by the U.S. Air Force at Brooks AFB. The research simulation uses six
empirically derived, unclassified, air defense Airborne Waming and Control System
(AWACS) scenarios. A performance measurement hierarchy was established for the
experiment. Overall Mission Effectiveness measures are derived directly from the specific
objectives of the mission. System/Team Performance measures reflect the degree to which
the total system successfully accorhplishcd the tasks essential to mission success. Human
Performance measures are designed to reflect the quality of the individual behaviors
required of the weapons director. These measures are expressed primarily in terms of
latencies and errors. Performance Capability measures consist of a large group of potential
human state and ability metrics that combine to determine overt performance. In this
hierarchy, measures at each of the levels differ in their sensitivity, generalizability. and
practical interpretability.
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At the Mission Effectiveness level, the viewpoint of the Air Defense Commander (ADC)
was taken. The ADC is interested in two basic questions. Did the subjects win the war?
What was the cost? In articulating specific questions, a model of behavior was assumed:

Detect -yIdentify ->Intercept -» Destroy = Assets Protected
Figure 1

Asset protection results from intercepting and destroying enemy aircraft, which is based on
identifying and detecting them in a sequential process. Therefore, the ADC is seeking
answers to questions such as: the number of strike completions; the total assets lost by
category, kill ratios, percent loss of assets, enemy tactics used, an interpretation of the
week's war, the position of destroyed hostiles using time and distance, the position of
targets when first detected, the total number of misindentifications, friendly losses by
friendly fire, and losses by fuel out. A composite score was calculated based on the
wieghted scores of each team's performance on the above measures.

The following cognitive map, based on Action Science (Argyris, Putham & Smith, 1985),
was assumed as the basis of this interpretive study:

Initial -» Framing -y Behavioral -3 Consequences:
Conditions Assumptions Strategies Match
Mismatch (Error)

Figure 2

The initial conditions identify the environmental conditions under which the team is
operating. These conditions include the conditions of war and the level of enemy and
friendly activity. Related to the model of behavior shown above, this is the level of
detection. Framing assumptions govern behavioral strategies. For example, if an aircraft
is detected and determined to be hostile, the framing assumption is defense. The behavioral
strategy which follows this assumption is to intercept the enemy and under conditions of
war destroy the aircraft if possible. Consequences are either a match, a mismatch (error) or
both. A match occurs when the outcome is completed as planned. A mismatch (error)
occurs when the outcome is not completed as planned. When error occurs, leamning can
also occur.
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When repeated attempts to correct an error by modifying behavioral strategies results in
continued error, the organization is confronted with the need to revise its framing
assumptions. The modification of behaviors is termed single-loop learning. For example,
learning to detect and identify enemy aircraft more effectively would be single-loop
learning. By contrast, the alteration of framing assumptions is termed double-loop
learning. For example, if weapons directors are framing their responsibilities as
autonomous and discover that this relationship of autonomy is leading to error, they can
choose to engage in double loop learning and revise this assumption. If they reframe their
relationship as interdependent and create behavioral strategies to coordinate their activities
with the result that errors are reduced or eliminated, this would be successful double-loop

learning.

In this study a period of approximately one hour was chosen during which the weapons
director team committed a large number of errors and consequently the team level
performance for that scenario was extremely poor. The rationale for selecting this period
followed from the theory of organizational learning: learning results from the detection and
correction of error. Based on the critical action research model described by Carr and
Kemmis (1986), organizational learning is viewed in this study as a self-reflective spiral of
four phases or "moments" is illustrated in the following figure:

Practice Discourse
Reconstruction 1. Observation 2. Reflective
Analysis
nstruction 4. Action 3. Planning
Figure 3

Based on this model of organizational learning, the primary research question tor this study
is: Does the organizational learing model (observation, reflective analysis. planning,
action) describe the organizational learning patterns of the aircrews? Specitic research
questions inquire into each phase of the model.
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The observation phase is the reconstruction of action by the aircrew. Reconstruction can be
accurate or inaccurate. Hence, the first phase of the research is to analyze the aircrew's
reconstruction of the action. The research question of interest in this phase is: Does the
aircrew detect the error identified by the research team? A related question of interest in this
phase is the accuracy with which the aircrews reconstruct the actions which produced the
€eITor.

The reflective analysis phase is the aircrews' discursive reflection on and analysis of the
cause of the error. In action science, "Model I" and "Model 11" discourse is distinguished.
Model I discourse includes making unillustrated attributions and evaluations, advocating
courses of action in ways that discourage inquiry, treating one's own views as obviously
correct, making covert attributions, evaluations, and face-saving moves such as leaving
potentially embarrassing facts unstated. Model II discourse, in contrast, combines
advocacy and inquiry and 1s characterized by attributions and evaluations which are
illustrated with relatively directly observable data, and the surfacing of conflicting views in
order to facilitate public testing of them. Hence the question of interest regarding this phase
of the action research is to confirm or disconfirm this finding: What model of discourse do
the aircrews use in critically reflecting on the error? A second question of interest in this
phase is the accuracy with which the aircrews analyze the cause of the error.

In the planning phase the aircrews attempt to construct a new practice. This phase of the
study focused on how the aircrews create new strategies. The research question of interest
in this phase is: How do the aircrews create new strategies to correct the error? A second

question focuses on the effectiveness of these strategies.

The action phase is the construction of practice. The research in this phase is focused on
the aircrews' enactment of its planned actions. The research question of interest is: Does
the aircrew enact the plan it has created? A second question asks whether the plan was

successful in overcoming the error.
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IV. ANALYSIS OF CRITICAL INCIDENTS:

a. This case study is drawn from the aircrew's second exposure to an equivalent high
work load scenario for Team 2. During this scenario, the second of three high work load
scenarios, Team 2 commits multiple errors with the consequence that its composite
performance rating is -71.8. (The composite score includes several critical variables
weighted in importance. The more negative the score, the worse the performance is rated.)
The case captures Team 2 during the final hour of this scenario. The approach to the
analysis of this case is as follows: (1) critical incidents from the scenario are selected
where an observable error has been committed by Team 2; (2) communications by Team 2
at the time of the critical incident were transcribed; (3) the communications were analyzed

using the organizational learning model and action science heuristics.

b. Summary of Research Results.

Critical Incident 1. Both weapons ¢.cciurs act unilaterally. WD2 unilaterally announces
that he is going "Bullseye" without asking for help or whether there might be another
solution to the problem of overload. WD unilaiera’'y agrees to maintain responsibility tor
the enemy without inquiring into other possible solutions. The apparent contradiction in
the leaming system exhibited in this incident is that both weapons directors share a theory-
in-use that closes them off from effectively communicating with each other.

Critical Incident 2. In this incident what is problematic is that WD recognizes an error.
but does not pursue the resolution of this error when he receives no satisfactory response to

his question.

Critical Incident 3. What is problematic in this incident is the failure of inquiry and the
closed communication pattern. With the failure to communicate correct information, the

learning system is flawed and further errorc will predictably be committed.

Critical Incident 4. WD2 defends his decision by advocating his position. SD seems to
hold a negative evaluation of WD2 's decision but communicates the evaluation indirectly.
WD?2 seems to recognize SD's negative evaluation and defends his decision. The
contradiction in the leamning system is that because the communication is closed. the

decision is not examined and a superior plan cannot be created.




Critical Incident 5. This incident is an illustration of single-loop learning. When the
weapons directors discover that they have made an error, they go on to correct the error.
The problem with this learning pattern is that they do not inquire into how the error
occurred. As a result, they may repeat the error again since they do not know how it
originally occurred.

Critical Incident 6. Single-loop learning is again illustrated in this incident. The outcome
of this learning incident is the discovery of error and the immediate cause of the error. The
reason WD3 failed to have the vital information regarding the activation of the SAM site
remains unexplored and hence undiscovered.

Critical Incident 7. Another example of single-loop learning is illustrated here, resulting
from the error of an unpaired enemy aircraft. When SD recommends that WDI1 coordinate
the response and "go through the lane" he is acting on the implicit assumption of shared
responsibility. SD is unilaterally advocating his position of a structural solution to the
problem of coordination. The unintended outcome of this action is that there is no double-
loop learning, the WDs do not learn how to discover the error in their framing assumption.

Critical Incident 8. This is an example of double-loop learning. WD3 acknowledges that
WD?2 has a problem and inquires into the problem using Model II discourse.

Critical Incident 9. Another example of double-loop leaming is exemplified in this
incident. The WDs and SD hold different views of the identity of ME12. A test is
constructed to determine the identity of ME12. This is double-loop learning because the
WDs and the SD agree to test their different views rather than defend their own
assumptions. Agreeing to test differing views is based on the assumption that the team
shares responsibility for the correct identification of aircraft.

Critical Incident 10. Here is an example of illogical reasoning and flawed organizational
learning. Because the previous enemy pretended to be friendly, the weapons director and
pilot assume that 4231 must be an enemy since he is communicating as a friendly. The
conclusion could be correct, but the reasoning is flawed. The team fails to construct a test
which can distinguish an enemy from a friendly.

105-9




V. RECOMMENDATIONS:

a. This interpretive study used organizational learning and action science heuristics as a
way to explain the performance of Team 2 during a one hour period of a high workload 4
scenario. Using these heuristics, the study has shown that the learning patterns of Team 2
are problematic. It is the conclusion of this study that the primary contradiction in the
learning pattern of Team 2 is its unilateral, individual level of learning, a closed
communication pattern between the weapons directors. However, the study illustrates two
incidents of double-loop learning which suggests that Team 2 is beginning to correct the
flaws in its organizational learning, an hypothesis which can be tested in the next stage of
the research project.

b. Itis recommended that the next stage of the research investigate the learning patterns of
Team 2 during all three high workload scenarios. Measures can be established to compare
organizational learning patterns during each of the high workload scenarios. It is
hypothesized that an organizational learning pattern of open communication will positively
correlate with levels of team performance. The final stage of research can test this
hypothesis by comparing the organizational learning patterns of all twelve teams which
participated in this experiment.

c. These preliminary findings and the final results of this research should be of
considerable interest to the United States Air Force. Problematic organizational learning
patterns such as those shown in this case study can result in poor levels of team
performance and under conditions of war can lead to unintended death. On a positive note.
this team demonstrated the capacity for organizational leamning, the correction of errors in
the organization's learning system, a capacity which will be studied in greater depth in the
next stage of this research project.
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The Effects of Propranolol on Thermoregulation During
Radiofrequency Radiation-Induced Heating
and
The Examination of Host/Graft Integration in the Rat Hippocampus
Using Multiple Site Optical Recording
by
James P. Fitzgerald

ABSTRACT

Multiple site optical recording of membrane potential allows the
visualization of neuronal activity over a broad area simultaneously,
utilizing a voltage sensitive dye which responds rapidly, and in a linear
fashion, to changes in membrane potential by altering its absorbance. In
the present study, optical recording was used to evaluate the integration of
cortical and hippocampal tissue transplanted into the hippocampus of male
rats approximately 2 years prior. 400um sagittal sections of living tissue
were made using an oscillating tissue slicer. The tissue was kept alive by
constantly bathing it in artificial cerebrospinal fluid oxygenated with 95%
02/5% CO02. Results from this experiment suggest that hippocampal tissue
integrates better than cortical tissue grafted into the hippocampus.
Secondly, grafts in ectopic locations integrate less well than those in the
hippocampus.

The beta-adrenergic antagonist propranolol interferes with the
thermoregulatory responses of anesthetized male rats exposed to 2.45 GHz
radiofrequency radiation. Heart rate, blood pressure, respiratory rate and
temperature at five locations were recorded during radiofrequency
radiation exposure. Propranolol significantly decreases both the colonic
temperature at death, and the time required to reach lethal temperature
from 38.5°C, when administered in a dose of 10 mg/Kg body weight,
intramuscularly.
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I. INTRODUCTION:

The Radiation Sciences Division (RZP) at the United States Air
Force School of Aerospace Medicine, Brooks Air Force Base, Texas, is
composed of investigators in the fields of physiology and
neuroscience. The research in these two fields is tied together by the
common interest in the biological effects of radiofrequency radiation
(RFR).

' Exposure of animals or human beings to RFR results primarily
in heating of the exposed tissue. However, due to the
electromagnetic nature of radiofrequency waves, the pattern of
heating can be much different than that caused by an increase in

> ambient temperature. Consequently, the physiological and

neurochemical responses of an organism to RFR exposure are unique.

It is therefore important to examine these responses to better

understand the effect of RFR exposure on biological systems.

L I hold a Bachelor of Science degree in Biological Sciences. My

course of study focused on organismal biology, and my own interest

was in mammalian physiology. As a graduate student, I am
researching questions of neurobiology, particularly neurochemistry
and neuroanatomy. Furthermore, I am strongly interested in the
effects of ionizing and non-ionizing radiation of the neuroendocrine
system. My lohg range objective is to conduct research in the field of

Aerospace Medicine.

Consequently, I was chosen by the members of RZP to assist in

research pertaining to physiology, neurochemistry and
neuroanatomy. My knowledge of these fields of biological research is
complimented by my ability to perform surgical techniques,
including catheterization and stereotaxic surgery, as well as the
isolation, sectioning and preparation of brain tissue for microscopic
examination

[1. OBJECTIVES OF THE RESEARCH EFFORT:

During my term of appointment at the School of Aerospace Medicine.
I assisted with two ongoing projects. My responsibility in the first
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project was to determine the effects of the beta- adrenergic receptor A

antagonist propranolol on the thermoregulatory responses of .
anesthetized rats exposed to 2.45-GHz RFR. Propranolol is commonly
prescribed by physicians to manage a variety of cardiovascular 4

conditions. It prevents peripheral vasodilation, and slows the
intrinsic rhythm of contractility in the heart. My second task was to
examine the hippocampi of rats that had received grafts of cortical or
hippocampal tissue, using multiple site optical recording. The
purpose was to observe neurophysiological function for indications of
integration of host and graft tissue.

I1I.
PROJECT 1. The Effects of Propranolol on _Thermoregulation
During Radiofrequency Radiation Induced Heating
a. I worked under the guidance of Dr. James Jauchem, Ph.D., and

Dr. Melvin Frei, Ph.D. , measuring the physiological parameters of
blood pressure, heart rate, respiratory rate and body temperature
during a terminal exposure to RFR- induced heating. Further, 1
wanted to observe the effects propranolol had on these parameters
in order to make an inference about the role of the beta-adrenergic
system in thermoregulation.

b. All animals in this study were Sprague-Dawley male rats. Rats
were anesthetized with Ketamine HCL, 150 mg/kg, intramuscularly.
Additional doses were administered as required to maintain
anesthesia throughout the entire experiment. [ catheterized the left
carotid artery in order to measure blood pressure. In the exposure
chamber, the animal was placed on a plexiglass holder in the H
orientation, so that the long axis of the animal was parallel to the
magnetic field, and the left side of the animal was nearest the
antenna (Frei et al. 1989). Respiration was measured with a
pneumatic bulb transducer. Leads for an EKG were attached to the
right forelimb, and both the right and left hindlimbs. Body
temperature was measured at the colon, left and right sides (lateral,
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midthorax, subcutaneous), the base of the tail and the right tympanic
membrane. These methods are fully described by Frei, et. al., 1989.

c. Animals were exposed individually to far-field, 2.45-GHz,
continuous-wave RFR. All exposures were conducted in an exposure
chamber at the RFR facility at the School of Aerospace Medicine,
Brooks AFB, Texas. Because individual animals have different
baseline temperatures, each rat was exposed to a warm-up period,
during which its colonic temperature was raised to 39.5°C. When this
temperature was achieved, the radiation source was turned off, and
10mg/Kg body weight of propranolol were administered to the
animal intraperitoneally. Control animals received an injection of
saline in an equivalent volume. When the colonic temperature
returned to 38.“°C, RFR exposure was commenced until death
occurred. S.rvival times, along with all physiological parameters
described above, were monitored and recorded.

d. Statistical analysis of the data recorded is being conducted by
the RZP personnel. This data is to be compared with that recorded
from identical procedures using another adrenergic receptor
antagonist labetolol, and one using a lesser dosage of propranolol.
Preliminary results using one way analysis of variance and Duncan's
new multiple range test with Kramer's correction factor for unequal
sample size indicate that the time to death, from power on at 38.5°C,
of the higher dose propranolol was significantly shorter than the low
dose propranolol (2 mg/kg), labetalol and saline controls. The lethal
colonic temperature was significantly lower for propranolol treated
animals in both dosages, and labetalol, than for controls. These
results, combined with results from studies with nadolol, and saline
suggest that the beta-adrenergic receptors are involved in
thermoregulation with no additional effect from alpha-adrenergic
receptors. (Jauchem, Personal Communication).
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IV.
PROJECT II: The Examination of Host/Graft Integration in
the Rat Hippocampus Using Multiple Site Optical Recording

a. The other project | participated in involved the isolation of

slices of living brain tissue in vitro. The animals used in this study
were two year old male Spraque-Dawley rats. These rats had
received selective lesions of the Dentate Gyrus within the
hippocampus, produced by ionizing radiation. Control rats received
sham exposure. Four months after irradiation or sham irradiation,
selected rats received grafts of hippocampal or cortical tissue. Other
rats received sham graft surgeries. These procedures produced the
following groups: 1)Irradiated/hippocampal graft,.
2)Irradiated/cortical graft, 3)Irradiated/Sham graft, 4) Sham
irradiated/hippocampal graft, 5)Sham irradiated/cortical graft, and
6)Sham irradiated/sham graft. These procedures have been
described previously by Mickley, et al. 1990.

b. During the course of my appointment at Brooks Air Force Base.
these rats were transported to Brooks AFB from the Armed Forces
Radiobiology Research Institute in Bethesda, MD., where they had
been housed. I worked with a 1990 Summer Faculty Researcher. Dr.
David Senseman, PhD. in his laboratory at the University of Texas at
San Antonio. Dr. Senseman's lab has the facilities to perform a
technique know as multiple sight optical recording. Optical recording
allows the visualization of neuronal activity over a broad area
simultaneously. This technique utilizes a voltage sensitive dye which
responds rapidly, and in a linear fashion, to changes in membrane
potential by altering its absorbance. Computer animation of these
changes in the quantity of light received by a photodiode array,
mounted atop a Zeiss microscope, allowed visualization of both the
temporal and spatial organization of neuronal activity in the rat
hippocampus. The ability to observe a broad area provides
information about the functional integration of the graft tissue. thus
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providing valuable insight into host/transplant relationships
(Senseman, et al. 1990).

C. The rats were anesthetized with Metaphane, decapitated, and
their brains removed from the skull. Each brain was bisected along
the midline, and each hemisphere was mounted on a teflon block,
medial side down using Cyanoacrylate glue. 400um sagittal sections
of the living tissue were made using an oscillating tissue slicer. The
tissue was kept alive throughout the experiment by constantly

bathing it in artificial cerebrospinal fluid oxygenated with
95% 02/5% CO3.

d. Brain sections containing grafted tissue, or, in sham rats,
sections of the corresponding area of the host hippocampus, were
chosen for use. Slices were placed into a bath chamber containing a
field stimulating electrode. The electrode was placed across the
subiculum, a region posterior to the hippocampus containing the
afferent fibers which travel to the hippocampus. The bath was then
mounted on the stage of the Zeiss microscope, and the field electrode
connected to a stimulator. We were also able to use a microelectrode
to stimulate discrete regions of the host hippocampus, or to stimulate
within the graft itself.

e. Stimulation of the afferent pathways to the host hippocampus
produced neuronal activity in the host, but little was seen in the
graft. Similarly, stimulation of the graft produced activity within the
graft, but little activity was conducted into the surrounding host
tissue. Generally, grafts of hippocampal tissue integrated better than
grafts of cortical tissue. In addition, grafts of either tissue type
found in ectopic locations integrated less well than those found
within the dentate gyrus (Senseman, Personal Communication).

V. RECOMMENDATIONS:

a. The results of the study on thermoregulation suggest that the
adrenergic control of thermoregulation is mediated by stimulation of
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the beta-adrenergic receptors, with little input from the alpha- 4
receptors. Propranolol is not selective for beta-1 or beta-2 type N
receptors. Consequently, 1 suggest that future research into |
thermoregulation in response to rfr exposure be conducted with )
selective beta-1 and beta-2 antagonists. This would provide further 4

insight into the role of the adrenergic system in thermoregulation.
In addition, selective agonists may be included. These agents should
potentiate thermoregulator responses that are inhibited by
propranolol.

b. Multiple site optical recording has proven to be an extremely
valuable tool for use in inquiries into the functional activity of
relatively broad regions of the brain. Such observations of neuronal
activity in the hippocampus and olfactory bulbs have demonstrated
its usefulness. This technique provides information about the spatial
organization of activity that cannot be gained from single site
recording methods. Further, it has demonstrated itself to be very
useful for determination of functional integration of grafted tissue.
This can be applied to any neural graft placed within the host brain.
Both the lesion/graft replacement and multiple site optical recording
techniques should prove very useful in future studies into the
function of the intact brain, as well as in injured or degenerative
conditions such as Parkinsonism, Alzheimer's and Huntington's
diseases.
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CARBOXYLESTERASE INHIBITORS ON CHOLINESTERASE AND

CARBOXYLESTERASE ACTIVITIES

by
Lisa Jones

ABSTRACT

Polyacrylamide gel electrophoresis was used to determine in vivo

(administration of inhibitors to animals prior to sacrificing) and ex
vivo (addition of inhibitors to serum following sacrificing) effects of
tetraisopropyl pyrophosphoramide (Iso-OMPA), 2-(o-Cresyl)-4H-1:3:2:-
benzodioxaphosphorin-2-oxide (CBDP) and pinacolyl methylphosphono-
fluoridate (SOMAN) upon rat serum cholinesterase and carboxylesterase
activities. Acetylthiocholine, butyrylthiocholine and naphthyl acetate,
three commercially available substrates were used in this study. In
general, CBDP and Iso-OMPA inhibited esterase activity following both in

vivo and ex vivo administration. Significant inhibition was also

observed following in vivo administration of SOMAN.
I. INTRODUCTION:

Among the esterases is an enyme known as carboxylesterase (CAE)
which is present in numerous vertebrate and nonvertebrate organs and
tissues [1]. Mammalian liver and serum carboxylesterase activity is
particularly interesting to investigators examining detoxification
reactions. Rodents (which were used in this study) are unusual mammals
in that they have extremely high levels of CAE activity which can be
completly inhibited withouﬁ apparent effect. Serum and liver
carboxylesterases are excellent enzymes for detoxification of

organophosphorous compounds containing carboxylic ester substituents
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- (2]: Although liver carboxylesterase activity has long been recognized
as important in xenobiotic detoxification, blood also appears to be an
important detoxification site [3]. The detoxification capacity of CAE

\ gives rodents substantial protection against organophosphorous compounds

(compared to other mamalian species with low CAE activity).

Isozymes and multiple forms of carboxylesterases have been shown
to exist and exhibit widely different and overlapping carboxylesterase
substrate specificities [4-7]. Previously, Chambers et al. [Chambers,
J.P., Hartgraves, S.L., Murphy, M.R., Kumar, N. and Valdes, J.J., IN
PRESS] using a variety of ester substrates, showed naphthyl acetate

hydrolysis to be very sensitive to CBDP. Surprisingly, these ex vivo

investigations indicated Iso-OMPA to be considerably less inhibitory

than CBDP. Thus, the question of whether a possible in vivo effect

potentiates Iso-OMPA inhibition arises.

Since serum appears to be a complex mixture of esterase activities,

separation of various esterase components from one another allows
assessment of effects of various inhibitors upon individual component
esterase activity. The purpose of this investigation was to contrast

the effects of in vivo administration of various carboxylesterase

inhibitors on cholinesterase and carboxylesterase activity to those of

earlier ex vivo studies.

II. OBJECTIVE OF RESEARCH EFFORT:

The purpose of this investigation was to compare ex vivo and in

vivo effects of various carboxylesterase inhibitors on cholinesterase

and carboxylesterase activity.
IITI. METHODS: Electrophoresis was carried out as described by Chambers

et al. [Chambers, J.P., Hartgraves, S.L. and Murphy, M.R., MANUSCRIPT
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IN PREPARATION] .

Preparation of Gels-Separating gels (7.5 %) were prepared by
adding 4.95 ml distilled water, 2.5 ml 1.5 M Tris Buffer, pH 8.8 and 2.5
ml 30 % Bis-Acrylamide. The mixture was degassed for 15 minutes
afterwhich 50 ul 10 % Ammonium Persulfate and 6.25 ul TEMED were added
and allowed to polymerize for 45 minutes at room temperature. To the
top of the polymerized separating gel was added 10 ml of a previously
degassed gel solution comprised of 6.2 ml distilled water, 2.5 ml 0.5 M
Tris Buffer, pH 6.8, 1.3 ml 30 % Bis-Acrylamide containing 50 ul 10 %
Ammonium Persulfate and 10 ul TEMED. Combs (0.75 mm) are inserted and
the stacking gel allowed to polymerize. Following polymerization, combs
are removed and the wells rinsed well with deionized water. Prior to
application of sample, the gel is subjected to electrophoresis at 200
volts for 1 hour. Sample protein is loaded into the respective wells
and electrophoresed for 1 (25 °C) or 22 hours (5 °C) depending upon the
substrate used.

Gel Staining-

1-Naphthylacetate-Gels electrophoresed for 1 hour at 25 °C were

rinsed with deionized water three times following electrophoresis. Gels
were incubated with 200 ml of 40 mM Tris Buffer, pH 7.1 containing 2.57
mM Fast Blue RR salt and 1 mM 1-Naphthylacetate for 30 minutes while
shaking at room temperature. Following incubation, the substrate
solution is poured off and the reaction is quenched by immersing the gel
in 0.1 N Acetic Acid for 10-15 minutes at room temperature. Following
quenching, the gel is washed well with distilled water.

Acetyl and Butyrylthiocholine-Following pre-electrophoresis,

samples are loaded into wells and electrophoresed at 10 volts for 2
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hours at 5 °C. After two hours, voltage is increased (50 V) and
electrophoresis is continued for an additional 22 hours. Following
electrophoresis, the gel is rinsed three times with water and once while
shaking (1 hour) with a freshly prepared reaction mixture containing
either 3.8 mM acetylthiocholine or butyrylthiocholine iodide. The
mixture is poured off and the reaction quenched by addition of 3 M
ammonium sulfate (1 hour at room temperature). Quenching solution is
poured off and the gel is incubated for 10 minutes or until color is
developed. Following development, the gel is washed well with deionized
water.
IV. RESULTS:

a. Incubation of gels with acetylthiocholine-As shown in Figure
1, rat serum exhibits two major peaks of cholinesterase activity
following electrophoresis.. One activity (Peak A) migrated considerably
slower than the other (Peak B). Partial characterization of these
activity peaks was accomplished using 1) different substrates and 2)
known cholinesterase inhibitors. Shown in Figure 2 are in vivo effects
of Iso-OMPA, a known Butyrylcholinesterase inhibitor. Peak A is
completely inhibited suggesting that this slower migrating species is
Butyrylcholinesterase. Iso0-OMPA exhibited little effect on the faster
migrating activity. The insensitivity of the second peak to Iso-OMPA
and its absence when assayed with butyrylthiocholine as substrate sug-
gest that this species is representative of Acetylcholinesterase. Shown

in Figure 3 are ex vivo effects of Iso-OMPA. Although inhibitory, it is

not as inhibitory as in vivo administration of inhibitor. Surprisinglv.

CBDP, a known carboxylesterase inhibitor, significantly reduced the

level of slower migrating esterase activity. This was also observed in
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ex vivo serum as shown in Figure 4. Soman, a very toxic,
organophosphate, completely inhibited the activity of both
electrophoretic species (see Figure 5).

b. Incubation of gel with butyrylthiocholine-Only the slower

migrating species was observed in the presence of butyrylthiocholine as
substrate. Administration of Iso-OMPA to animals revealed inhibition of
the slower migrating species as previously noted (Figure 6). Consistent

with this inhibitory pattern is the }

=

vivo effect of CBDP, indicating

almost complete inhibition of the slower migrating species observed in

the presence ofacetylthiocholine as substrate (Figure 7). Shown in

Figure 8 are effects of soman using butyrylthiocholine as substrate

indicating complete inhibition. In vivo treatment with Iso-OMPA and

CBDP were consistent with previously observed e

vivo effects (Figures 9

and 10, respectively).

c. Incubation of gels with Naphthyl Acetate-Shown in Figure 11 is

an electrophoretic profile of carboxylesterase activity (1 hour at 50
vol :s at 25 °C followed by development in the presence of
naphthylacetate as substrate). As indicated in the figure,
carboxylesterase activity migrated as a single, symmetrical species.

The in vivo effect of CBDP, a known carboxylesterase inhibitor, is shown
in Figure 12 indicating complete inhibition of naphthyl acetate esterase

activity. 1In contrast, in vivo and ex vivo treatment with Iso-OMPA did

g+ -—

not indicate the same degree of inhibition as observed for CBDP (Figures

13 and 14, respectively). Likewise, in vivo assessment of soman

revealed only partial inhibition of carboxylesterase activity (Figure

15).
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V. DISCUSSION:

Findings described here are consistent with previous ex vivo

experiments carried out in this laboratory indicating Butyryl-
cholinesterase to hydrolyze both acetylthiocholine and butyryl-
thiocholine (Figures 1 and 16, respectively). In contrast,
Acetylcholinesterase hydrolyzed only acetylthiocholine. These
observations further support the suggestion that the faster moving
cholinesterase species is, in fact, Acetylcholinesterase. Each of the
cholinesterase peaks could be identified after a 20 hour electrophoretic
separation if presented with the suitable substrate. 1In contrast,
carboxylesterase activity, the fastest migrating species, is clearly
separated from cholinesterase activity after 1 hour of electrophoresis
(Figure 11). Identification of this species as being carboxylesterase
is supported by the fact that it is very sensitive to a known
carboxylesterase inhibitor, CBDP (Figure 12).

Previously, experiments carried out in this laboratory
demonstrated potent inhibition by CBDP of carboxylesterase activity
using naphthyl acecate as the substrate. Although Acetylcholinesterase
and Butyrylcholinesterase also hydrolyze naphthyl acetate, the amount of
very fast migrating electrophoretic activity (Carboxylesterase) is manv
times greater than combined cholinesterase activity (as evidenced by the
amount of unresolved esterase activity remaining at the origin following
one hour of electrophoresis).

V1. CONCLUSIONS AND RECOMMENDATIONS:
This investigation supports previous studies indicating CBDP to be

a potent carboxylesterase inhibitor both in and ex vivo. 1Iso0-OMPA also

proved to inhibit both in vivo and ex vive. Consistent with earlier
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findings of Chambers et al. [Chambers, J.P., Hartgraves, S.L., Murphy,

M.R., Kumar, N. and Valdes, J.J., IN PRESS] is the ex vivo effect of

Iso-OMPA. However, its gréatest inhibitory effect was observed

following in vivo administration. The effects produced by soman

described in this report are consistent with the literature. In vivo

patterns of cholinesterase activity were consistent with previous ex

vivo experiments carried out in this laboratory. Additional experiments

using more control and experimental animals are necessary.
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Human Performance Model of Fatigue p

by
Kelly J. Neville
ABSTRACT

A statistical model to predict the consequences of sleep
deprivation on human performance over a 35 hr period was
developed. A computer simulation utilizing the model was .
built with Micro SAINT 3.0 for demonstration purposes. A
second computer program, written in PASCAL, was designed to
facilitate use of the model as a descriptive and predictive
tool.

The model consists of two equations: one describes the
time course of accuracy; the other portrays the decay of
response latency over time. An independent variable of both
equations is the inherently cyclical body temperature which
introduces the influence of the circadian cycle into the
model. Another independent variable is the number of hours
a person has been awake. Multivariate equations have pro-
duced performance degradation curves that account for 89.49
percent of the variance in composite response time data and

85.68 percent of the variance in composite accuracy data.
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I. INTRODUCTION

The serious problems of inefficiency and high accident
rates during sustained operations and unaccustomed work
shifts continue to prevail despite the growing body of
literature on sleep deprivation, desynchronosis, and human
performance. The mi]itary is one of many organizations with
much incentive to control these disconcertingly persistent
dangers.

Drs. Jon French and Samuel Schiflett of the Aerospace Re-
search Crew Technology Branch of USAFSAM are involved in
research to enhance performance of U.S. Air Force air and
ground crews. The objectives of this effort are to enhance
performance by developing countermeasures to diminish the
effects of fatigue and desynchronosis (e.g., French, Hannon,
& Brainard, in press; French, Boll, & Storm, in press). One
goal of this project is to build a statistical model of sus-
tained human performance which would assist in understanding
the dynamics of fatigue.

Groundwork for this model was done prior to the beginning
of the summer project term. A great deal of human perfor-
mance data was collected and analyzed during a sleep depri-
vation study (French et al., 1990). Subsequently, modeling

and computer simulation strategies based on this data were
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formed by Dr. French and myself (Neville, 1990). This
program has made it possible for these modeling strategies

to be implemented and greatly improved.

II. OBJECTIVES OF THE RESEARCH EFFORT

The primary goal of this work was to generate a statis-
tical model that describes human performance during sus-
tained operations. Since physiological and time variables
serve as independent variables to the model, the analysis
and understanding of the relationships of these parameters
with performance was vital.

A secondary goal was to create a simulation of human
performance on a generic task during sustained operations
for demonstration purposes. The simulation would allow the
user to manipulate parameters in order to compare perfor-
mance under different time and physiological conditions. It
was to be built with the PC compatible modeling package
Micro SAINT 3.0 (Seifert, 1979).

A third goal was to create a utility computer program to
complement the simulation. This PASCAL program would allow
the user to change parameters and equations. It's function
would be to generate a range of predicted values, so that,

as with the simulation, the user may easily evaluate and
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compare different time and physiological conditions. Unlike
the simulation, it would present the resultant output values

for immediate evaluation.

ITI. OBJECTIVE I - STATISTICAL MODEL

A. Prototypical data generated in a 30 hrs awake perfor-
mance study paradigm was used to build the model (French et
al., 1990). The data was collected every 2 hrs from the 12
hrs awake time point (1800) to the 30 hrs awake time point
(1200). It consisted of electroencephalogram (EEG) and
temperature readings, eyeblink frequency, neuroendocrine
levels, and performance scores on the Walter Reed Perfor-
mance Assessment Battery (WRPAB) (Thorne, Gensen, Sing, &
Hegge, 1985; Perez, Masline, Ramsey, & Urban, 1987) and the
Complex Cognitive Assessment Battery (CCAB) (Hartel, 1988;
Perez et al., 1987). Practice effects on the cognitive
performance tasks were minimized by three practice trials
between 1000 and 1600.

Ten subjects participated. The data of one who did not
complete the study was disregarded. Five subjects were
tested in each of two sessions. For the duration of each 30
hr test session subjects sat in adjacent booths. Each booth

had a computer on which subjects independently performed
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computer tasks. Food and bathroom breaks were permitted.

N A number of the cognitive tasks demonstrated a signi-
ficant overall decline in performance over time, especially
during the early morning hours. Scores on these tasks were

> categorized as measures of accuracy (see Figure 1) or re-

sponse time (see Figure 2). Average scores on individual

tasks were normalized by dividing the average score at each
of the nine time points by the average score at the trial 1
time point (1800) and multiplying by 100. The normalized
scores of individual tasks in each category were averaged
together to produce composite response time and composite
accuracy scores. The number of hours awake and body temper-
ature function as the independent variables of the model.

These were averaged across subjects.

B. Initially, the attempt to generate predictive equations
was confined to modeling the Serial Math (SM) task of the
WRPAB, which was scored in terms of total time (ttime) on
task (ttime), and the Numbers (N) task of the CCAB, which
was scored by percent missed (% missed). A least squares
method was employed which first considered only hours awake
(ha), but later included body temperature (bt), as well, to
model performance on the SM task, x*(6, N=7)= .4665, p<.005,
with Equation 1 (see Figure 3), and on the N task, x*(6,
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N=7)=5.3685, p<.750 with Equation 2 (see Figure 4).

ttime = -517.482 + 3.2588(ha) + 6.6047(bt) (1)

% missed = 1776.631 + 0.2380(ha) - 17.9946(bt) (2)

Because these equations did not generalize to predict
performance on similar cognitive tasks, the next modeling
attempts utilized the composite accuracy and response time
curves. Bivariate equations produced lines of close fit to
the curvilinear slopes of the composite response time data,
x*(6, N=7)=0.3931, p<.005 (see Figure 5), and the composite
accuracy data, x*(6, N=7)=2.1856, p<.005 (see Figure 6).

response time = 168.9074 + 0.7378(ha) - 0.9839(bt) (3)

accuracy = -631.3464 - 1.5863(ha) + 7.5237(bt) (4)

Multivariate equations were able to model the composite

curves even closer. Therefore, a third term in the form of
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* a variation of the hours awake variable was added. The
resulting Equation 5 accounted for 89.49 percent of the
variance in the composite response time scores (see Figure
7). Equation 6 accounted for 85.68 of the variance in the
, composite accuracy scores (see Figure 8). All parameter

estimates for both equations were significant, P<.0001.

response time = -9291.8034 - 242.3934(ha)
+ 3508.5376(e™) + 2355864(ha/bt?) (5)

accuracy = 5545.597 + 162.283116(ha)
- 2032.4895(e™) - 1577082(ha/bt?) (6)
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IV. OBJECTIVE II - SIMULATION -

A. The predictive equations of the model have been inte-
grated into a computer simulation of sustained performance :
of a generic cognitive task. The simulation was built on an
IBM-AT class computer with Micro SAINT 3.0. (Seifert, 1979).
The simulated task consists of six interconnected nodes

which represent a decision process and the decision outcome 4

(see Figure 9).

B. The number of hours awake and an oral temperature value
are entered into the simulation program by the user. The
predictive equations utilize these values to produce an
accuracy and a response time score. These scores determine
the duration of the decision process and the probability
that the correct decision will be made during each simula-
tion. After one simulation trial, the default values of
seven hrs awake and 98.0 degrees Fahrenheit replace the
user's values and the simulation is repeated. Thus, the
user is able to visually assess and compare general perfor-
mance models under different physiological and time condi-

tions.
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V. OBJECTIVE III - UTILITY PROGRAM

A. In order to allow the model's predictions to be acces-
sible and easily evaluated, the equations have been inte-
grated into a PASCAL computer program. The program is built

on an IBM-AT class computer.

B. The PASCAL program is designed to predict and graph
hourly percentages of performance decrement across a 35 hr
period given a particuiar body temperature value. It will
do the same across the human body temperature range given an

hours awake value of 35 hrs or less.
VI. RECOMMENDATIONS

A. The development of this human performance model will
contribute to the understanding of the physiological and
environmental elements that effect human performance. It
may therefore prove to be quite valuable in the designing of
work environments and work practices that would increase
personnel alertness and efficiency. It is additionally an
aim of the model to serve as a tool in delineating optimal
work and rest cycles for individuals exposed to the dangers

of fatigue in their work. The computer simulation and
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particularly the PASCAL program, will serve as useful tools

to persons responsible for scheduling these cycles.

B. Additional physiological parameters measured during the
30 hrs awake performance study which generated the source
data will continue to undergo analysis to determine if any
will contribute to the model's predictive ability. Can-
didates such as eyeblink frequency and EEG may dampen the
sinusoidal tendencies introduced into the model by the
circadian function of body temperature. In contrast, the
inclusion of melatonin and cortisol levels is expected to
strengthen circadian tendencies. These additions may
strengthen the model’'s accuracy and replace the present
third variable of the multivariate equations as more mean-
ingful parameters.

While a high degree of consistency in the performance
Jecrement of individuals across trials and across tasks has
oeen demonstrated, great variability has been found to exist
«among individuals. Currently, the model describes only the
average performance decrement on cognitive tasks; it is
crucial that it be refined to consider this variation among
persons. Further analysis of the relationships of physio-

logical parameters with sustained performance will very
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possibly reveal a correlation that is key to the accurate

prediction of individual performance.

C. A follow-up project to the 30 hrs awake study will
measure performance throughout a 36 hr period. This project
should indicate the dependability and value of the model as
a predictor of human performance during sustained opera-
tions. In addition, it will contribute to the extension of
the prediction period and will reveal where improvements are

needed.
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Aortic Input Impedance Calculation in

Supine & Upright Baboon

by

George C. Proicou

ABSTRACT

Chronically instrumented baboons were monitored as
to the hemodynamic parameters of pressure and flow in the
ascending aortic root, in both the supine and 70 degree
head upright tilt state. The data on these parameters
was amplified and recorded on a eight channel tape
recorder and later filtered and down loaded to a floppy
disk for data analysis using the personal computer based
program DaDisp. From this analysis, the input and

characteristic impedance was determined.
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I. INTRODUCTION:

There is an interest in describing the hemodynamic load
upon the heart in both the supine and upright state. The
cardiovascular system has been well characterized in the
supine state, but there is a paucity of data describing
the hydraulic function of the cardiovascular system in

the upright condition.

The Laboratory of Aerospace Cardiovascular Research
(LACR) is conducting ongoing studies into the area of
cardiovascular response to changes in gravitational
stress on the cardiovascular sysytem. From this research
information on the ventricular and vascular performance
in general can be derived and applied to the operational

environment for aircrew of high performance aircraft.

My research interests include cardiovascular fluid
mechanics as applied to the problems associated with the
aerospace field as a whole. This as well as my
background in aerospace engineering led to my assignment

to LACR at USAFSAM.
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II. OBJECTIVES OF THE RESEARCH EFFORT:

Currently, there is a lack of data available on aortic
input impedance, hence pulsatile load, on the human or
primate heart for the upright state (70 degrees head up
tilt). Most studies describing input impedance in man
have been obtained during elective cardiac

catheterizations, which evaluates the supine posture
only. Since man spends most of his life in the upright
position, parameters and data measured in the supine
position may not accurately reflect the chronic loading
condition of the heart. Therefore, the main objective
was to study a non human primate model, evaluating the
pulsatile load on the left ventricle in both a supine and
upright state. Another objective was to compare the
results from the analysis performed by Fourier analysis
with those obtained using a computer model characterizing

the systemic arterial tree as a 3-element Windkessel.

III.

a. The model used in the study is a chronically
instrumented baboon. Five animals were used in the
research this summer. All data acquisition was done
using approved techniques for animal research. The
aortic flow was measured by a catheter mounted

EMF flow probe, mounted with the proximal pressure
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transducer housing. The pressure in the aorta was
measured by placing a dual tipped Millar hi-fidelity 8
French catheter in the ascending aorta, see Figure 1.
This procedure was done using a femoral artery cutdown
with flouroscopic assistance for catheter manipulation.
The animal was initially placed on a tilt table in the
supine position. Flow and pressure measurements were
then taken for about 1 minute. Cardiac outputs were also
measured by thermodilution techniques. For accuracy, 3
outputs were usually taken and averaged. The animal,
being secured to the table, was then tilted upright 70
degrees. Data and cardiac outputs were then measured as
before. The animal was then tilted back to supine. This

concluded the data acquisition.

The signals of ©pressure, flow and ECG

(Electrocardiogram) were amplified and stored on a
8-channel R.E Vetter VHS data recorder. The data was
then downloaded through a Precision Filter at 100 Hz
cutoff with a 30 db/octave roll off to prevent
antialiasing. The 11ltered signal was sampled at 500 Hz
and digitized using Laboratory Workbench software on the
Masscomp computer system. Supine and upright data were
then extracted into their own files and then downloaded
to a floppy disk. The data was then transferred to an
independent workstation and final analysis was done using

the software DaDisp.
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po Within DaDisp, a series of three to four consecutive
cardiac cycles or beats from both the aortic pressure and
flow were extracted and averaged. These representative
beats of the pressure and flow were then calibrated:
pressure based on the predetermined channel calibrations
and the flow based on the cardiac output per cardiac

cycle time.

Once these representative beats were derived, a Fast
Fourier Transform (FFT) was performed on each to
establish their respective frequency content. The
magnitude and angle of the FFT's of the signals at the
first 12 harmonics were then determined. The first 12
harmonics are the only ones of any real concern, since
most physiological systems are fully described within

this range.

From Ohm's law applied to fluid mechanics, the
resistance, R, a fluid at a pressure, P, and traveling at

a flow rate, Q, sees against its movement is given by

R Vs o

This is true for a uniform steady state system, analagous
to a direct current (d.c.) system in electrical terms.
However, the cardiovascular system is anything but a
steady pressure-flow system, being, in fact, a pulsatile

one, analagous to an alternating current (a.c.) system in
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electrical terms.

Now Ohm's law in an a.c. circuit takes on a variation

.= PA =

Where Zo is the impedance the flow sees against its

from its d.c. couterpart such that:

movement, and P and Q are the time dependent pressure and

flow of the fluid, respectively. Now if the pressure is
given by DD K ('C»u\'t‘*i" ’SZ)) |
‘"" C ()
and the flow by YU
ot +6D
Q =G’y

then the impedance Z is given by 'gz?;s(g;,t rg )

7,7 aoneres (O

12 = 1P A ©
& - &7

Now from the impedance results we are concerned with only

Now the impedance magnitude is simply

and the phase angle is given by

a few of the frequencies given. At the zero harmonic or
the fundamental frequency, we have Rp, the d.c.
resistance. Averaging the third to the twelth harmonics,
we arrive at the characteristic impedance, Zc, or the
impedance the heart would see if the system was

reflectionless.
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Once it was felt that we had physiologically acceptable
results, the calibrated flow and pressure were exported
from DaDisp and input to a computer model, which is based
on a 3 element windkessel, see Figure 2. The computer
program then fitted a calculated flow to the measured
flow. The program also calculated Rp and Zc based on the

input aortic pressure and modeled flow.

b. As can be seen by the data results given in Table I,
in all five animals the d.c. resistance, Rp, increased
from supine to upright; however, in 2 of the animals the
characteristic impedance, Zc, decreased going from supine
to upright, while the opposite was true in the rest.

The reasons for this are not quite known at this time.

In comparing the calculafed parameters of Rp and Zc with
those from the computer model, we see that three of the
animals correlate well between the calculated and model,
while the other two show some error. This error was due
to the fact that the measured flow was very noisy in
these animals and therefore the computer model could not

handle the Signal properly.
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Iv. RECOMMENDATIONS:

It is recommended that the research be continued. The
research shows a tendency for Rp to increase in going
from supine to upright. Whereas the dependence of Zc on
position is still questionable; however, as preliminary

results, the data does show promise for future research.

As the learning curve is applied to this research, the
time to acquire, process, and analyze the data accurately
will drop and the sample population will increase, giving

statistical relevance to the data already analyzed.
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TABLE 1

DATA RESULTS (in dynes*sec/cm**5)

ANIMAL # AS5O0
SUPINE
calculated
Rp 4129.5
Zc 65.5
model
Rp 4708.3
Zc 47 .3
UPRIGHT
calculated
Rp 4560.1
Zc 38.4
model
Rp 4439.6
zZc 52.5

2075.1

34.8

2668.5

43.2

2705.8

48.6

2475.7

76.4

4592.6

36.2

5913.8

45.4

5208.3

55.5

5946.1

48.8
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3931.4

102.2

3628.0

285.1

5849.5

76.2

5132.6
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1989

70

1877
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3169
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Figure 1. Schematic of Cardiovascular System
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Figure 2. Schematic of 3-element Windkessel Model
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A. Laser Protective Materials Evaluation: Data

Acquisition and Management System

by

Dawnlee J. Roberson

ABSTRACT

A structured system was designed to obtain, compile,
and organize the large amount of data collected during the
test and evaluation of laser protective materials and
devices. The system, when completed, will integrate data
from two spectrophotometers, and save data to a format
compatible with VAX statistical packages. This system will
produce a summary data sheet containing laser densitometer,
haze, prism, and spherical power measurements, along with
spectrophotometer readings. The implementation of such a

system has been left to Radiation Sciences personnel.

113-2




Acknowledgments

I wish to thank the Air Force Systems Command and the Air
Force Office of Scientific Research for sponsorship of this
research. Universal Energy Systems must be mentioned for
their concern and help to me in all administrative and

directional aspects of this program.

My experience was rewarding and enriching because of many
different influences. Capt Michael Mayo provided me with
support, encouragement, and never ending challenges. He,
along with Dr. Patl Rudolf, constantly encouraged me to
think and analyze. The help of SSgts Steve Ramsey and
Craig Bramlette was invaluable in the technical portion of
the many experimental setups tried. LtCol (Dr) Robert

Cartledge’s management support was greatly appreciated.

113-3




I. INTRODUCTION:

Collection of spectrophotometer data from the large number
of laser eye protection devices submitted to the Biophysics
function of the Vulnerability Assessment Branch of the
Radiation Sciences Division of the USAF School of Aerospace
Medicine (USAFSAM/RZV) has been an indiscriminate,
inconsistent prccess. A simple, user friendly interface was

needed.

USAFSAM/RZV is primarily concerned with laser protective
materials for military use, therefore the large number of
commercially available laser protective materials will be

considered in a future parallel process.

My experience and academic background in computer science,
analysis, and programming contributed to my assignment on
this project.

II. OBJECTIVES OF THE RESEARCH EFFORT:

Collection of spectrophotometer data included using the

manufacturer supplied software, moving the data from one

machine to another personal computer (PC), converting data
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from one format to at least three others, moving to another
computer for printout, plus other time-consunming,

frustrating tasks.

My assignment as a participant in the 1990 Summer Graduate
Student Research Program (SGSRP) was to analyze this
collection and output process, design a user friendly
system, using currently available software and hardware,
current and projected networking abilities. 1In addition, a
flexible system was necessary to allow for future changes
due to new technologies and/or requirements. The system has
a database retrieval system for easy data access of already
collected data in an interactive mode. The retrieval
process output includes raw data output, spectral optical
density and transmission plots, summary sheets, and
pertinent comments unique to the application of the

specific technology involved.
ITT.

a. The system under anélysis was written and modified by
many people with varying degrees of experience, and, as
such, is not modular or globally integrated. The code was
compiled at various times along the way, and so the portions

of the source code were found in various places.
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Documentation in the code was almost nonexistent. Current
software users indicated a need for laser quality printouts,
to include both text and graphics. A sample suggested
printout was provided by the users, with the understanding
that it was only a guideline and should remain flexible.
Minimum information was provided as required output as was
the need for special "nice to have" output if technically

possible and within the scope of the existing systems.

b. I would have preferred to use the C programming language
for this project, but the users currently had a copy of
Turbo Pascal 5.5, and indicated that they already knew it
relatively well. Turbo Pascal is easy to learn and
maintain, so it was decided to have the code written in it.
Suggested minimum documentation requirements were provided.
I was not to write code, but was to be available to advise
those writing the code. I designed the data flow and
described what each module was to do. One user interface
was suggested to be written in BASIC 7.1 for better screen

control.

IV. RECOMMENDATIONS:

a. USAFSAM/RZV has access to a small programming section.

To prevent this problem of fragmented programming happening
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again, they should utilize readily available resources.
These programmers are trained in modular programming, and
data retrieval systems. This system should take
approximately one man-month to complete the coding and
testing assuming good knowledge of requirements, and the
programming language to be used. Another man-month would be
required to incorporate the large amount of previously

obtained data into the database management system.

b. USAFSAM/RZV has several years of data collected that
are currently stored on floppy disks. Statistical
information should be completed on this data, but RZV
personnel do not have the time or knowledge for completion
of this task. This information should be saved to a

mainframe database and statistical values calculated.
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B. Characterization of Nanosecond Laser Pulses Through

Laser Eve Protection Materials

by

Dawnlee J. Roberson
ABSTRACT

A literature search was performed on the interaction of
laser radiation, from cw to short pulse, with laser
absorbing medium such as saturable absorbers. In addition,
the topics of dynamic bleaching, laser induced non-linear
optical effecfs, thermal effects, and short pulse laser
fluorescent spectroscopy were thoroughly searched. An
experimental system was designed to characterize thas spot
size, thermal coefficient, time for laser penetration of
materials, and incident power on the attenuating factor

(optical density) of an argon-ion laser absorbing material.
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I. INTRODUCTION:

Radiative energy transfer and/or laser induced change in
optical density may occur when a laser absorbing material
is irradiated by laser radiation. 1Initial studies have
shown that certain laser absorbing materials used in
protective devices will initially absorb the incident laser
radiation and then temporarily change states and allow the
material to transmit higher than expected energy levels.
Some of the incident laser radiation can also be absorbed
and retransmitted in a different optical band (radiative
energy transfer). Different factors affecting this "dynamic
bleaching" can be temperature, background illumination,
incident laser power, spot size, pulsewidth, and the
characteristics of the absorbing dye used in the laser
protective material. Laser protective materials are used in
many places: military operations, medical facilities,
university and research laboratories. It is imperative that
the overall transmission of the device be quantified under
the specific conditions in which it will be used. The
overall safety factor for the user of the material must be

emphasized.

The Biophysics function of the Vulnerability Assessment
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Branch of the Radiation Science Division of the School of
Aerospace Medicine (USAFSAM/RZV) is concerned primarily with
the level and mechanism of how this radiation is

transmitted as well as the damage thresholds of the optical
material in use. These situations are dangerous because
hazardous levels may be transmitted into the eye causing

permanent blindness, flashblindness, or glare.

My background of both biology and engineering allowed me to
have an unique perspective on this problem. I understood
the basics of lasers and how the eye works, which

contributed to my assignment to this task.

II. OBJECTIVES OF THE RESEARCH EFFORT:

This problem requires more than can be done by one or two
qualified persons in a year. I was directed to complete the
literature search on all of the topics mentioned in the
introduction. The temperature requirement was added at a
later date. I was to bring USAFSAM/RZV personnel up-to-date
on recent research done in these fields. Additionally, I
was to design an experimental setup with equipment on hand

to begin preliminary data collection on a particular
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material/absorbing dye combination designed to attenuate

the radiation from a continuous wave argon-ion laser.

III.

a. Initially, I began the search reading several articles

RZV personnel provided. I then spent several weeks at local
university libraries searching for articles, and cutting the
list of potential articles to a manageable 20 or so. I read
through several recent texts on these topics. Discussion and

recent articles pointed out that temperature might have an

effect. I expanded the search to include thermal effects. I
have copies of all the significant articles, and have begun

to develop a test plan for this project.

b. The experimental setup required for initial data
collection was very similar to several of those listed in
the papers referenced. Figure 1 is a layout of that
experimental setup. The material (polymethyl
methacrylate, PMMA) being tested was run at a a variety of
temperatures, ranging from 10C to 75C. Freezing was
accomplished by using a chemical refrigerator, and heating

was accomplished by using a hot air gun or an autoclave.

IV. RECOMMENDATIONS:

113-12




LS

LS Loser: 488, 5 4pm- Arcscn- Ton L
SH Shotter 932 nm- NA \ag dcub\ed

BS  Ream ‘.‘39\\'&{er

PD - Phate Dicde

EP - Expenimrental Plashic

OS ’(}5(A“Cf£ﬁ%3c

PL - Ploder

Figure 1. Experimental Setup

113-13

s




a. The military and commercial uses of such an

saturable absorber are widely varying. Depending on the
material and/or dye used, the chemical "switch" to allow
amounts of laser light thru can be extremely short
(picoseconds or shorter), or long (seconds or longer).
Currently, saturable absorbers are primarily used for

laser pulse compression and optical Q-switching. This
switch has no mechanical parts, and so cannot

mechanically wear out; however. many of the dyes used in
saturable absorbers degrade over time and therefore have
finite lifetimes. For these materials to be completely safe
for use as a laser protector, all quantifiable measurements
should be taken, verified, and the mechanism understood.
The literature has shown that physicists/chemists are

unable to explain this phenomena at this time.

b. Follow-on research should continue in this area. The
limited data collection I was able to do indicated that some
absorbers embedded in plastics actually allow more laser
light through than expected. The low incident power used in
the data collection, along with the results, indicate that
some materials used in protective devices are not adequately
protecting against the laser radiation for which it was

designed - by as much as two orders of magnitude below the
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protection level measured using incoherent radiation at the
same wavelength. Military uses for such protective
materials need more extensive evaluations to verify that, in
fact, protective materials are doing what they are designed
for. I tested two plastics, one worked very well, and one

did not under identical incident laser conditions.
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by
Robyn C. Robinson

ABSTRACT

An Air Force examination team performed ophthalmologic
examinations on thirty-eight subjects. All were military
personnel who had sustained microwave overexposure over

the permissible exposure level set by U.S. Safety Standards

of 10 mw/cﬁ‘. The intent of the study was to determine if
there were any changes in the eye and whether these changes
could be attributed to microwave overexposure. No lens changes
were found that could be attributed to microwave overexposure.
Thus, this study does not support the contention that
microwave exposure in the military environment over 10 mw/cﬁ
is cataractogenic.

"This document was prepared under the sponsorship of the Air
Force. Neither the US Government nor any person acting on
behalf of the US Government assumes any liability resulting
from the use of the information contained in this document or

warrants that such use will be free from privately owned
rights."
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I. INTRODUCTION

In the current literature there is a debate over the effect of
microwave radiation on the formation of cataracts in humans.
The increasing use of microwave by the military service and
civilians is of chief concern due to the occupational hazards
experienced by personnel who work with radar. Animal models of
microwave radiation have been far more conclusive than human

epidemiologic studies.

The Ophthalmology Branch of the Clinical Sciences Division of
the United States Air Force School of Aerospace Medicine is
particularly concerned with the possible cataractogenic
effects of microwave radiation. My research interests are in
determining whether cataractogenic effects are dose-related,
using a population of military personnel who were
inadvertently exposed to varying dosage of microwave
radiation. I am working on this project with Thomas J. Tredici
M.D., Senior Scientist, Ophthalmology Division, U.S. Air Force

School of Aerospace Medicine, Brooks AFB, Texas.
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II. OBJECTIVES OF THE RESEARCH EFFORT:

2
The current PEL of 10mw/cm has been shown to present an
insignificant thermal to the body. The mechanism of action of
cataract induction in the eye is related to excessive heating

of the 1lens.

My objectives as a participant in the 1990 Graduate Student
Research Program (GRSP) was to determine if there were any
cataractous changes induced in the eyes of military personnel
who were inadvertently exposed to varying dosages of microwave
radiation. Previous studies had examined the effect of
microwave radiation on the human eye, however, none had
correlated any changes in the eye with the amount of radiation

exposure.

During my 1990 GRSP several important data were analyzed.
Comprehensive medical examinations of military personnel
including ophthalmologic exams are performed initially at the
time of exposure and periodically followed-up. The results of
these exams were correlated with the amount radiation to

determine if dose-related injury relationship existed.

III.
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Excessive exposure to electromagnetic radiation has been shown
to harm various human organ systems. One ongoing argument
concerns the effect of microwave on the body. The avascularity
of the lens prevents sufficient cooling, thus it is more
susceptible than the rest of the body to thermal damage from
exposure to microwave radiation. In sufficient doses it has
been reputed by some authors to cause cataracts in animals and
humans. Other writers have concluded that no such lens changes
{

have been observed in humans and that the 10 mw/cm

permissible exposure level (PEL) renders adequate protection.

The USAF Occupational and Environmental Health Laboratory of
the Aerospace Medical Division visits each site after an
incident of overexposure to reconstruct and quantitate the
amount of radiation exposure experienced. The present
permissible exposure level (PEL) of 10 mw/crﬁ1 has been shown to
present an insignificant thermal 1load to the body. The
question has been posed as to the potential hazards of
microwave radiation experienced greater than 10 mw/cmi It has
been suggested that the mobility of the subject is a critical
factor is determining whether the eye will be damaged. Thus,
it 1is hypothesized that humans do not acquire cataracts
because, in addition to the protective nature of the
anatomical configuration of the eye,they are mobile when
exposed. Similarly, Rhesus monkeys do not experience any lens
damage if they are allowed to be mobile while being

irradiated. Only laboratory animals which were immobilized and
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bombarded intraocularly with microwave radiation experienced

lens damage.

The U.S. School of Aerospace Medicine has compiled a
repository of 38 individuals who have been accidentally
irradiated by microwave energy above the PEL of 10 mw/cm‘.
these subjects have been examined from 1974 through 1986. The
exposure levels ranged from a low of 18 mw/cﬁl to a high of
14,400 mw/cml. These exposures have all been verified at the
site. A complete physical exam has been completed on each of
the subjects, with special attention given to any lenticular
or retinal pathology. The lenses of the eyes of personnel
exposed to radiation are intensely scrutinized for damage.

Photos are also taken of the lenses in these subjects.

Some of the subjects complained of feeling an increase in
warmth when irradiated, others had headaches, and some felt
nauseated after the incident. One has been noted to have
questionable bone lesion on his skull. None complained of a
decrease in visual acuity, blurring or increase in glare. To
date, our original and repeat examinations have not discovered

any pathology that can be attributed to microwave radiation.
IV. RECOMMENDATIONS

Continued monitoring of dosages of microwave radiation

received in overexposure incidents, evaluation of health
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status at the time of the incident and stricter adherence to
safety precautions are necessary. Although conclusive evidence
of the cataractogenicity of microwave radiation in humans
could not be established, long-term follow-up evaluations

of these patients may provide new answers to this question. .
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Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

for the Resolution of Light Induced FOS-Related Proteins

in the Hamster Suprachiasmatic Nucleil

by

Sveta Singh

Recent studies suggest that expression of the proto-
oncogene, c-fos, represents an early step in the response
cascade leading to light-induced alterations in the phase
of the circadian pacemaker and, ultimately, to photic
entrainment of circadian rhythms. Brief 1light pulses
administered during the subjective night result in (1)
permanent phase alterations of pacemaker output and (2) a
transsynaptic increase in c-fos protein (F0OS) immuno-
reactivity in neurons of the suprachiasmatic nucleus
(SCN) . To determine if the FOS immunoreactivity is
indeed FOS protein, nuclear proteins from the SCN of
light-stimulated Syrian hamsters were subjected to sodium
dodecylsulfate polyacrylamide gel electrophoresis (SDS-
PAGE) followed by Western analysis using a polyclonal
antiserum raised against FOS. A 45 kDa protein which (1)
was immunoreactive for FOS, (2) was blocked by preabsorp-
tion with synthetic FOS peptide, and (3) appears to
correspond to the FRA-1 antigen was identified,

indicating that the immunoreactivity was, indeed, FOS-
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related. However, technical difficulties prevented the
identification of other FOS related antigens and further
work 1is necessary. The procedures developed during my
tenure at the School of Aerospace Medicine provided a
foundation for future studies of the role of c-fos
expression in light-induced alterations of the circadian

pacemaker.
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INTRODUCTION:

The suprachiasmatic nuclei (SCN) are the site of
localization of the light-entrainable circadian pacemaker
in mammals (Rusak and Zucker, 1979). Bilateral destruc-
tion of the SCN causes loss of any behavioral circadian
rhythms including activity, drinking and eating and
sleeping (Rusak and Zucker, 1979; van den Pol and Powley,
1979), as well as endocrine circadian rhythms of cortico-
sterone secretion (Moore and Eichler, 1972). Entrainment
of <circadian rhythms to the environmental 1light-dark
cycle 1is mediated by a direct pathway, the retinohypo-
thalamic tract (RHT; Renz et al., 1987). 1In addition, an
indirect pathway has been described which projects from
the ventral lateral geniculate nucleus, the geniculo-
hypothalamic tract (GHT: Rusak and Zucker, 1979).
Although the GHT may play a role in the photic respon-
siveness of the SCN (Boulos and Rusak, 1982), lateral
geniculate ablation studies indicate that the RHT projec-
tion is sufficient for entrainment of the circadian clock
(Dark and Asdourman, 1975). The neurochemical basis of
the photic entrainment process is unknown.

The c-fos gene is one of a family of immediate early
genes (Sheng and Greenberg, 1990) which are induced in
the absence of new protein synthesis by numerous agents.
A number of studies indicate that fos is involved 1in

regulatory mechanisms of cell replication and specific
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differentiation pathways. Recent observations of c-fos
expression in various cell types, including neurons
(Dragunow et al., 1989), suggest that the c-fos gene may
function in the regulation of transcriptional events
which wunderlie neuronal plasticity. Increased c-fos
expressicn occurs in response to a variety of physio-
logical and pharmacological stimuli in nervous system
tissue. Rea (1989; Rea and Michel, 1990) and others
(Rusak et al., 1990, Aronin et al., 1990) reported that
retinal illumination induces c-fos expression among a
population of neurons in the SCN. Furthermore, FOS
expression occurs only in response to light pulses which
reset the circadian pacemaker, suggesting that c-fos
expression may represent an early step in the response
cascade leading to light-induced alterations in pacemaker
function. Recent work conducted in the Neuroscience
Laboratory, USAF School of Aerospace Medicine, indicated
that different cell populations may be responsible for
phase delays versus phase advances of the pacemaker. To
insure that light-induced FOS-immunoreactivity is indeed
indicative of the presence of FOS protein, SDS-PAGE/
Western analysis of FOS immunoreactivity in SCN extracts

was conducted.
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OBJECTIVES:
A) Determine if light increases FOS-related protein
immunoreactivity in the hamster suprachiasmatic

nucleus.

B) Determine if FOS immunoreactivity in SCN neuronal

nuclei is indeed FOS protein.

METHODS:
Light Stimulation Procedure

Adult, male Syrian hamsters (Mesocrecitus auratus)
were maintained in the USAFSAM animal facility under LD
14:10 (lights on at 2000). After 3 weeks under LD 14:10,
the hamsters were transferred to individual cages
equipped with computer-monitored running wheels and main-
tained under constant darkness for 14 days. During this
period, the free-running circadian activity rhythm was
monitored. Using the onset of wheel running activity as
a phase reference point (defined as circadian time (CT)
12) animals received single 15 minute pulses of 33 lux of
white 1light at CT 18 (i.e., 6 hours after the onset of
activity) on day 15 under constant darkness as described
elsewhere (Rea, 1989). Exposure of animals to 1light
pulses at CT 18 result in phase advances of the circadian
pacemaker of approximately 1.9 + 0.8 hrs (Rea and Michel,
1990). After stimulation, the animals were returned to

darkness.
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Preparation of SCN Cell Nuclei

Two hours after the onset of the light pulse, the SCN
from 3 hamsters were removed, collected in 3 ml of ice
cold 0.32 M sucrose, 3 mM MgClz, 1 mM Hepes (pH 6.8;
SMH), and homogenized in a Potter-Elvehjem homogenizer
with a motor driven teflon pestle. The crude homogenate
was transferred to a centrifuge tube and diluted with 0.6
vol of SMH and 0.22 vol of HZO' The diluted homogenate
was carefully underlaid with 0.8 vol of SMH and centri-
fuged in a swinging bucket rotor at 1,000 X g for 10 min.
The supernatant was removed and the pellet completely
resuspended in 5-10 mls of 1.8 M sucrose, 1 mM MgClz, 1mM
Hepes (pH 6.8) and spun at 50,000 X g at 4 C. The pellet
was recovered in 100-200 ul of 0.25 M sucrose, 1mM MgClZ,
and 1 mM Hepes (pH 6.8) and frozen at -80° c. Five or
10 pl aliquots were measured for protein using the Lowry

Assay.

SDS-PAGE Procedure

After obtaining the pellet, electrophoresis was per-
formed using a vertical slab apparatus and 1.5 mm-thick
polyacrylamide gel slabs. The separating gel consisted
of 10% acrylamide (acrylamide:bisacrylamide ratio =

37.5:1), 0.1% SDS, 0.04% TEMED, 0.1% ammonium persulfate,

1.5 M Tris (pH 8.8). Acrylamide:bisacrylamide (37.5:1)
was prepared as a 30% stock solution. SDS was prepared
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as a 10% stock solution and ammonium persulfate was
freshly made as a 10% stock solution. The separating gel
solution was prepared in a 250 ml vacuum flask by mixing
in 6.3 ml of 1.5 M Tfis. This solution was immediately
poured between the glass plates. The wells were formed
using a 10-tooth comb which was removed from its support
to allow insertion into the gel. No airspace was left
between the well former and acrylamide solution. The gel
was allowed to polymerize at room temperature for 45 min
and was used the same day. As the combs were removed,
the wells were floated with distilled water to avoid
distortion of the sample wells and drying of the gel.

The lower and upper electrophoresis chambers were
filled with running buffer consisting of 200 mM glycine,
0.1 % SDS in 25 mM Tris-HCl (pH 8.3). Before loading the
gel, the nuclear preparations and standards were boiled
for 5 minutes in 50 mM Tris HCl (pH 6.8) containing 10%
glycerol, 2% SDs, 0.1% bromphenol blue, 5% beta-
mercaptoethanol. Aliquots equivalent to 30 ug of protein
were used for analysis. Electrophoresis was performed at
a constant voltage of 150 mV for 2 hours.

The gel was removed from the apparatus and either
stained or electrophoretically transferred to nitrocellu-
lose membrane for Western analysis. Staining of the
protein bands was achieved using 0.025% Commassie

Brilliant Blue in 45.4% methanol, 5% acetic acid. The
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gel was destained in 45.4% methanol and 5% acetic acid
for band visibility. For electrophoretic transfer, the
gel was equilibrated for 10 minutes in transfer buffer
consisting of 250 mM glycine, 0.1% SDS, 60% methanol in
25 mM Tris-HCl (pH 8.3) and transferred overnight at 20 V
to nitrocellulose membranes (Schleicher and Schuell BA

85) which were presocaked in buffer for 5 minutes.

Western Analysis of Fos-Related Proteins

After the transfer, membranes were incubated in
blocking solution (5% nonfat dried milk in PBS-tween) for
1 hour then placed in this solution containing affinity
purified FOS antiserum at a dilution of 1:1000 for 1
hour. This antiserum was raised against synthetic M-
peptide, corresponding to residues 127-152 of the Fos
protein (Curran et al., 1987; kindly donated by Dr
Michael TIadarola, NIDH) and may recognize other Fos-
related antigens (Franza et al., 1987). Nitrocellulose
membranes were washed 4 times in blocking solution for 10
minutes each.

Immunoreactive bands were visualized by Enhanced
Chemiluminescence (ECL; Amersham). Membranes were incu-
bated with biotinylated goat-antirabbit IgG, followed by
a preparation of avidin-biotin-HRP complex (Vector Labs).
After washing extensively in blocking buffer, the mem-

branes were incubated for 1 minute 1in ECL reagent,
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blotted dry, wrapped in Saranwrap and exposed to X-ray

film (Amersham ECL) for 5 - 120 seconds.

RESULTS

Previous work using cultured cells has shown that the
FOS antiserum employed in this project recognizes three
FOS related antigens with molecular weights of 62 kDa (c-
fos), 45 kDa (FRA-1) and 35 kDa (FO0S-B). Unfortunately,
two high molecular weight (70 kDa and 65 kDa) bands were
present 1in the nuclear extract which bound the HRP
reagent even without prior exposure of the membrane to
FOS antiserum. Blocking experiments indicated that these
proteins may contain bound biotin. Due to this unantici-
pated complication, we were unable to demonstrate con-
clusively that all three FOS antigens were present in the
nuclear extracts. Nonetheless, a 45 kDa immunoreactive
band corresponding to the FRA-1 antigen was detected.
This band was blocked by preabsorption of the FOS anti-
serum with synthetic M-peptide, indicating that the band

specifically bound the FOS antiserum.
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RECOMMENDATIONS:

It is difficult to suggest any type of recommenda-
tions given the fact that the results were inconclusive.
However, based on previous research, the following sug-
gestions may be incorporated into the protocol to obtain

more information:

A) Using [1251]-labe1ed protein A followed by auto-

radiography to visualize the FOS antigens.

B) Scanning of the autoradiograms with a densitometer

to quantitate the amount of fos present.
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ABSTRACT

Ketamine-anaesthetized Sprague-Dawley rats were exposed in E and

H orientations to 35-GHz continuous-wave radiofrequency radiation.
During experimentation, colonic (T¢), tympanic (Ty), right (Tg,) and left
subcutaneous (Tg)) temperatures, heart rate (HR), arterial blood pressure
(MAP), and respiratory rate (RR) were continuously recorded. Under both
exposure conditions, there was a 3 minute delay in initiation of T, change,
and a 0.5°C T "overshoot" when irradiation was stopped. Irradiation to

accomplish a 1°C T, increase from 38.5°C to 39.5°C was accompanied by

subcutaneous temperature increase of .6°C. These observations indicate
that circulatory transfer of heat from the periphery was responsible for
internal heating. Two different patterns of cardiovascular response were
noted. During the 1°C T, increase, HR and MAP significantly increased in a
linear fashion. However, during an initial period of irradiation performed

to establish the baseline T, HR increased monotonically while MAP

increased to a point and then decreased dramatically; a reaction

characteristic of cardiovascular shock with heat stroke. Results showed
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no orientation-related difference in sites of energy deposition and
cardiovascular responses to irradiation. These findings contrast with the
marked orientation-influenced differences noted during lower frequency
irradiation.

In another experiment, anaesthetized Sprague-Dawley rats were
exposed individually to 2.45-GHz radiofrequency (RFR) radiation. Since
each animal exhibits a different starting colonic temperature, an initial
RFR exposure was performed to increase colonic temperature to a
standard level -- 39.5°C. At this point, the source was turned off and the
alpha-adrenoceptor antagonist tolazoline was administered via arterial
cannula at a volume of 2.0 mU/kg body weight. After colonic temperature
returned to 38.5°C, exposure to RFR was performed until a lethal
temperature was attained (the lethal event in hyperthermia due to both
RFR and environmental heating is cessation of respiration). Survival
times and temperatures at which death occurs were recorded. Colonic,
tympanic, subcutaneous, and tail temperatures, EKG, respiratory rate, and
arterial blood pressure were continuously monitored. Data collected from

this experiment are currently being reduced for statistical analysis.
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t. INTRODUCTION:

Research suggests that high levels of RFR may cause morphologicali
and/or functional changes in many biological systems (Erwin, 1981). The
increasing military use of RFR makes further studies of possible
biological effects of great importance. This knowledge is essential to the
protection of operational personnel and the general public, and will
contribute to the ongoing evaluation of safety standards. The research
done at the Radiation Sciences division of the School of Aerospace
Medicine at Brooks Air Force Base concerns the effects of
millimeter-wave and microwave radiation on the physiology of whole
animals. Recently a series of experiments was begun focusing
specifically on the effects of continuous-wave, high-frequency microwave
radiation and animal orientation to the radiation source on various
physiological parameters, such as heart rate, mean arterial pressure,
respiratory rate, and temperatures measured in various areas of the body
(Frei, 1989). Because previous work by this laboratory showed significant
rise in mean arterial pressure and heart rate upon exposure to 35-GHz
microwave radiation, it was decided that the next step would be to
determine the effect of alpha-adrenoceptor blocking agents on the changes
seen in HR and MAP (Jauchem, 1989). My area of research for the summer
involved finishing a project determining the physiological effects of
35-GHz millimeter-wave radiation exposure on anaesthetized rats and
beginning a study investigating the effects of the alpha-blocker,
tolazoline, on the physiology of rats exposed to 2.45-GHz microwave
radiation. Seeing as though | had previous experience in both surgery and
computers, and had been working in similar areas of microwave radiation

research before the summer, | was able to lend a great deal to the
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research project, actually conducting the experiment virtually on my own.
Unfortunately, the summer ended before all the data could be analyzed, so

a definitive conclusion could not yet be reached.

Il. OBJECTIVES:

The objectives of my research effort this summer were basically
two-fold:

1. To complete statistical analysis of previous data | collected
during a microwave-radiation experiment before the summer began and to
prepare a poster and paper discussing these data for presentation at the
Bioelectromagnetics Society meeting in June as well as for publication
purposes. This was the study investigating the effects of 35 GHz
microwave radiation on such physiological parameters such as HR, MAP,
respiratory rate, and various measures of temperature in anaesthetized
rais.

2. To begin experimentation on he project involving testing the
eftects of the alpha-adrenoceptor blocking agent, tolazoline, on the
changes in temperature, HR, and MAP seen during exposure of rats to
2.45-GHz radiofrequency radiation. Both of these goals were reached
during the course of my GSRP, but for lack of time, | was not able to

complete the statistical analysis on that experiment.

M.

a. Data for the alpha-adrenoceptor blockade study were collected by
computer and by hand. Twenty-three male Sprague-Dawley rats, weighing
between 342 and 385 g (mean +/- SEM, 357 +/- 4 g) were used in this

study. Prior to irradiation, an aortic cannula (Teflon, 28 G, 1.D.) was
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installed via the left carotid artery for measurement of arterial blood
pressure. Ketamine HCi (Vetalar), 150 mg/kg |.M., was administered as
the general anesthetic. Ketamine administration at this dose level has
been shown to produce prolonged anesthesia in Sprague-Dawley rats
(Smith, 1980 and Frei, 1988). Immediately after surgery, the rat was
placed on a Plexiglas holder in the RFR anechoic exposure chamber. The
animal was instrumented to continuously monitor and record blood
pressure and respiratory rate, as previously described (Frei, 1988).

Temperature was monitored at four sites: left subcutaneous (lateral,

mid-thoracic, side facing the horn antenna) (Tg)); right subcutaneous
(lateral, mid-thoracic, side away from RFR source) (Tg;); right tympanic

(T}); and colonic (5-6 cm post-anus) (T). Individual animals were
exposed in E and H orientations (left lateral exposure, long axis parallel to
electric and magnetic fields, respectively) to 35-GHz RFR. The procedure
for animal irradiation was based on T change. Since this study focused
on thermoregulatory processes, a consistent change in temperature was

considered to be more important than a consistent duration of exposure.

in order to provide a uniform temperature baseline, animals received an

initial exposure ("warm-up") to increase T to 39.0 °C, at which point
irradiation was discontinued. When T, decreased to 38.5°C, irradiation

was resumed until T increased to 39.5 °C. This procedure was repeated

for two 1°cycles. During experimentation, readings of physiological
parameters were obtained for analysis at 0.5 °C increments during and
after irradiation. A Gould 2600S recorder was used to obtain arterial
pressure and respiratory rate (RR) measurements. Mean arterial pressure

(MAP) and heart rate (HR) were determined from the pressure curves. To
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record temperature changes, Teflon probes placed in the aforementioned
areas were attached to a computer to produce continuous temperature
readings. Data analysis for the study at 35 GHz was completed and
prepared for presentation and publication. Data were analyzed by way of
the Microstat program for the IBM computer. Analysis of variance was
applied to determine if there were any significant differences between
values. Graphs summarizing data were created using the Cricket Graph
program for the Macintosh computer.

b. The results found in this study are as follows: During the initial

warm-up period, the rats were irradiated until T increased to 39.0 °C.
Following irradiation, the T continued to "overshoot" (i.e., increased by

0.5 °C). As shown in Figure 1, HR increased linearly as T, increased to the

point of cessation of irradiation at 39.0 °C; plateaued during the
overshoot; and decreased during recovery to 38.5 °C. However, as seen in

Figure 2, MAP increased to a critical point and then decreased

dramatically while T was still increasing. The downturn in MAP began a

T¢ = 37.5 °C during E-orientation and at T, = 38.5 °C during H-orientation
exposure. RR did not significantly change during the warm-up phase in
either orientation.

The times required for T, to increase from 38.5 to 39.5 °C during E-
and H-crientation exposure, and the times required for T, to return to 38.5
°C when irradiation was stopped are shown in Table 1. The time to
accomplish a 1°C T, increase was similar during exposures in the two
orientations; however, the recovery time was greater following

E-orientation irradiation. During exposure in both orientations, there was

approximately a 3-minute delay between initiation of irradiation and
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onset of T change, and approximately a 0.5 °C T, "overshoot" when
exposure ended. The Tg, Tg,, and T; increases that accompanied the 1°C

T increase are listed in Table 2. The Tg increase was significantly

greater (.6X) than the T change; the T4, was significantly less; and the

Ty change approximated the T, increase. The HR, MAP, and RR changes that
accompanied the 1°C T increases are listed in Table 3. As T increased

from 38.5 to0 39.5 °C T, HR and MAP significantly increased; no

significant differences were seen between the two exposure orientations.

In both orientations, RR did not significantly change during the 1°C T

increase. In all cases, values returned to near baseline levels during the

recovery period.

V.

a. Data for the alpha-adrenoceptor blockade study were collected by
computer and by hand. Animals were supplied with an arterial cannula in
order to measure and record blood pressure changes during the experiment.
Teflon temperature probes were inserted in various areas (in the colon by
way of the rectum, in the ear, under the skin on the right and left sides of
the animal, and under the skin on the tail of the animal) in order to
monitor the temperatures during the entire exposure. The physiological
variables heretofore mentioned were recorded at 0.5°C increments
throughout the entire exposure for each rat. Animals were exposed to
2.45-Ghz microwave radiation in an anechoic chamber. A warm-up
exposure to increase colonic temperature to 39.5°C was performed on each
animal to again standardize body temperature. The source was then turned

off and the animal was immediately injected with tolazoline 2.0 ml/kg
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body weight. After the colonic temperature decreased to 38.5 °C, the

source was turned on again until the animal expired. The time for each

animal to reach death in this final exposure as well as the T, at the time

of death were recorded in addition to the physiological variables
mentioned before.

b. The results of this study cannot be reported at this time. Data are
currently being reduced for statistical analysis to prepare them for

submission for publication.

VI. RECOMMENDATIONS:

a. The results of such research could be implemented in any review
stud.es dealing with the physiological effects of millimeter wave
electromagnetic radiation and for preparing safety guidelines for the use
of such radiation around biological organisms. Because of increased
military and civilian use of RFR, the knowledge that high levels of RFR can
cause morphological and/or functional changes in biological systems
makes further studies of possible biological effects of great importance
(Erwin, 1981). This knowledge is essential to the protection of
operational personnel and the general public, and will contribute to the
ingoing evaluation of safety standards.

b. Some suggestions for follow-up research would be to repeat such
experiments using any of various types of alpha- or beta-adrenoceptor
antagonists of agonists, or repeat then using different frequencies of RFR.
This way resuits can be compared and contrasted between studies,
perhaps revealing trends or other interesting information.

c. Seeing as though usage of RFR has increased for both military and
civilian purposes, research of this kind is very important because of the

lack of it that has been done in the past. Research in the field has only
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recently begun (within the last 10 years) (Erwin, 1981) and very little has
been done in actual living whole-animal systems. The need for such

investigation is obvious if continued use of RFR is going to be safe for all.
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Table 1. Colonic temperature (T.) changes (mean # SEM) in rats (n=23) exposed

in E and H orientations to 35-GHz CW radiofrequency radiation

Exposure Condition Rige time (min)~ Recovery time (min)®
E orfentation 11.4 2 0.4 57.4+1.5%
H orientation 12.4+ 0.4 38.1+3.3

“Rise time = time to achieve a 1°C T, Increase
“Recovery time = time to recover to initiai temperature after irradiation
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Table 2. Local temperature increase (mean + SEM) that accompanied a 2°C colonic
temperature increase during warm-up phase of exposure of rats (n=23)
to 35-GHz CW RFR In E and H orientations

Temperature Temperature increase (°C)
Monitoring Site

E orientation H orientation
Left subcutaneous* 4.210.4 4.3+0.7
Right subcutaneous® 1.5+ 0.1 1.6 +0.1
Tympanic 1.9+0.5 1.9+0.3

*Side toward RFR source
*Side away from RFR source
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TABLE 111. Cardiovascular and respiratory changes (mean *+ SEM) in rats (n=23)
exposed to 35-GHz RFR in E and H orientations. Rats were irradiated
to change colonic temperature from 38.5 to 39.5°C, after which the
temperature was allowed to return to 38.5°C.

Parameter Colonic Temperature (°C)
&
Orientation 38.5 39.0 39.5 39.0

Heart Rate

(Beats/min)
E 310+ 9 327 + 10 340 £ 10* 323 + 12
H 258 + 11 287 £ 10 298 + 8* 269 + 11
Blood
Pressure
(mm Hg)
E 85 +#3 90 + 4 90 + 4* 77T +£3
H 85 + 4 95 + 4 94 + 4* 79+3
Respiratory
Rate
(breaths/min)
E 109 ¢+ 9 115 ¢+ 8 111 +17 93 + 4
H 109 +5 109 ¢£5 115+ 8 105 ¢+ 6

*Indicates significant difference (p < 0.05) between value at 39.5°C and
baseline value at 38.5°C.
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interreilationships of “ovacco, Caffe i ne, and Alcona.: lse

Among Part:cipants of an A.r Faorce-Soonsored

Health Promotinn 2rogram

Sy

Joan E. Estes

ABSTRACT

Participants of a health prcmotion program at Wiifaorg Hai !

USAF Medical Center were surveyed to assess predictors of
change :n health-relatea behaviors. Aiso, the participants
were asked about their consumption of caffe.ne, nicoTine

and alcoho!l so that nypothes.zea co-occurrence of usage

could be i1nvestigated. The predictors of cnange study 'S
on-going. The co-occurrence stucy provided some sSuppor: for
the sroposed 'nterreflationsnhips  among TnNe traree Cerav:icrs
Specifically, a s;gn{facant carrelarion was found between
number of cups of caffe(nated coffee orunk anc rSurber o°
cigarettes smoked, tota! numper of caffeinated beverages
drunk and number of cigarettes smoked, numoer g% J:asses of
veer Jdrunk and numoer of c.jarettes smoxkec, and numier OF
cups o0f caffeinated coffee drunk ana number cof S'asses ¢
beer crunk. Sex d1fferences were found 'n  the consumption
of ail alcohoi, beer alone, |li1qQquor alone, a.l ca*ftz natec
beverages, and a!l coffee.
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INTRODUCT ION:

'n recent vears, There nas oDeen a remenaous . ncrease
N concern about health. This can be seer oy tTne popuiarity
ot f.tness centers, Jyms, ana we i ght-108s programs. Many

organizations have real . :zed the benefits of naving a nea!tny

work force: decreased apsenteeism, !awered acci1cent rartes,
and fewer insurance claims: and nave developea company
we!l lness programs to promote neatthy i fegatyles. ~iTtie

scientific research nas been conducted to daceterm,ne what
factors predict success :n such programs. Know'!eage of such
variables may |ead to the development of programs which
couid be adapted to meet the needs of partic:ipants whag do
not have all the characteristics predictive of success In
typical health praograms. Wel lness programs also advocate

smoking cessation and moderation in the use of alcono: ang

caffeine. By studying the interreiatianships of these three
behaviaors, 1t may be shown that to el minare or magderate the
ugse of nicotine, alconol, or caffeine the use of ail! three

must be addressed.

The pnysicians at Senavioral Heaitn Psychology (8HP) at

Wit fora Hatll Medical Center (WHMC) are interecsteda .n (00king
'nto the above-me&nti oneqg areas N rejfation  to the WHMC
We'l iness Program. This program s open to ai. A:r =grce

personne! and their deoendents, but (S pr mar.: !y attenced by

retirees.

| received my sacheior ' 's degree N pPSYCNO:ogy at
Benedictine College, Atchison, Kansas. Whiie there !
developed an interest n Stress management and empl!oyee
assistance programs. ! presented 'Stress .n the Warkpiace:
—auses ang Effaccts at the Great S'ars 3tuaenrt Psyonology

Convention n March 1988. Also, preparea a repor<t on

training recommendat:ons for a newly-developed electronic
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Z“ata processing system wnile performing an internsh:p as a

“uman Factors zngineer at ATAT.

Currently, | am working towaraes my master's Zegree in
‘ndustrial/oryanizationa. osycnoiogy at Sr. Mary's
Universlity, San Antonio, Texas. ! have serveg as a graduate
assistant to the psychnoiogy graduate aaviser. My main

‘nterest is the development of retirement programs within

‘ndustry. These programs would i1ncluge sSuch areas as
financial planning, health promotion, ana counsel ing to
reduce the stresses and anxieties associated with

retirement.

il. OBJECTIVES OF THE RESEARCH EFFORT:

My major professor, Dr . Janet Dizinno, and i
0l iaborated on our summer researcn prosects. Qur first
objective was to expiore the vast array of research studies

being either conducted or considered by BHP, anc then to

select one or two to pursue dur ing our ten weeks. I'n the
process of selecting projects we conducted extensive
1 terature searches on the following: anticipatory nausea

and vomiting 1n cancer patients; treatment of heagacnes with
relaxation and cognitive therapy; bul m:c oehavicr ang
mandatory we ght stanaards; expectancy =ffects of
therapists,; health promotion programs and behavior change;
and interrelationships of caffe:ne, aicohaol, ana nicotine
consumption. We shared our finaings from tne . :terature
searches with approoriate coi'leagues at BHP, ang cnose to
focus on two prajects for the rema:ncer 3f Tne summer .

Firat, we decided to assess a health promot on program

>2:n3 conauctec by & WHMC carcio cgist, -t o Sowi

Whitney, M.D. we cnose pfa] focus on cemog-apnhsc,

personality, and behavioral characteristics that might be

Zocrrelated with cnanges N neailth-re.ateac Yenav.ors s3ince
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results might be applicable to other benhavior change efforts

SucCn as smoking cessation brograms oOr psycnotherapy.

Secona, we were fortunate enocugn to meet Dr. Loseph
VMatarazzo, a naoted Dbehaviorai neaith psychologist, when ne
visited WHMC to hold Grand Rounds. During cne aof aur

meetings with him we learnec of nis prior work investigating

the apparent interrelationships among caffeine, nicotine,
and alcoheol consumption. One of his studies wused sub,ects
with a mean age of 36 years, who participated 'n a hea!th-
promotion program. His other study 1nvolvegd active duty
military personnel . No one hag looked at the co-occurrence
cf these behaviors 'n a ret:irement-aged population. Thus,

we decided to include questions regarding consumpt:cn of the
three substances when we assessed the WHMC health promotion
program because most of those participants are retired from
the Air Force, or are sSpouses of retired Air Sorce

personne! .

t11. APPROACHES:

The WHMC nhealth promot.cn program, calied the We: ness
Program, is aopen to atll Air Force personne!, retired, act ve
duty, and dependents. Dnce oartic:pants have registerec o
pe 'n the praogram, they have a3 b 00Q sSample taken 3J that
chotesteroi (HDL, LDL, and tr.iglycer :des) and fastirg dlooa
sugar can be measured. Then, participants are asked ta
arttenad a day-long lecture given by the cardi1ologrst wno
directs the Welilness Program, Or. Eow:n Whitney. For abou?t
seven hours, Dr. Whitney engag:ngly Jiscusses nutrit:o” and
other health-related behaviors, the pr mary focus ne ing

~3tr.st o on oon ower ‘ng 2L ana TT givycer 3des by Irangaing
dietary hab:its. Just prior to the tecture, partic:pants are
we 1 ghed. After the lecture, oartic:ipants are Jiven a

‘aporatory appo'ntment to have 2/00d arawn N aGappros imate vy
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seven weeks, and are given a follow-up appointment to meet

with the cardiologist the following week. ATt this fo:low-up
appointment, participants are weighed and the r blooa
nressure 'S taken. The cardiolangist ca0oks at each
participant’s cholesterol, Jlucaose, weight, and bioaa
pressure indicators and then makes recommencations. Some

participants 'graduate’ from the program at this time, while
others are asked to come back for anotner fot low-up
appointment in approximately seven weeks.

Toward our first objective, ascertain ng predictors of
change by WHMC Wel iness narticipants, we devel oped a
questionnaire to be completed by participants just prior %o
hear ing the day-long lecture by Dr. Whitney. A copy of the
survey can be found in the Appendix of this paper . The

survey includes questions regaraing demographics {(name, age,

sex, height, mar ital status, educatiaon) , stage of change
(see Prochaska, DiClemente, Velicer, Ginpii, & Norcross,
1985), seif-efficacy, social! support, iocus of control, ana
heal th-related behaviors (steep, exercise, and the
consumption of alcoho!, caffeine, and nicotine). All of the

psychologicai factors measurea 1n the survey have at 'east
some empirical supporzt as predictors of some sort of
behavior change, yet never have they ai! been measured at
once s0 that -elfative predictive value mignhnt oe Jdetermined.
OQur second objective was addressed with the last set of
questions on the survey (i.e., caffeine, nicotine anca

alcoho! consumpt:on) .

'V. RESULTZS:

dbject ye Ine cannos T comp . aeted ‘o aver

14

3 ek

ih

months because we must wait for participants to attend The.r
follow~up appointments so we can have pre- and post-lecture

cholesterol .eveis to compare. We ‘ntenc TO0 pursue th,

tn
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but will be able to develop the oroject more Syiiy Foe s
rnciudea in the mini—-grant (RIP) researcn ‘uncing program
offeread by JES and USAFOSR. We are .n  The process of
preparing that appiication.

Objective two was completed dur:ing aur ten weeks, andg

the resul ts partially confirmec the orevious war Dy
Matarazz and hi1s colleagues :n the Un:ted States Army and
at Oregon Health Sciences University (Carmoay, Brischetto,
Matarazzo, O'Donneil |, & Connor, 1985 ; Zavela, Barnett,
Smed i, Istvan, & Matarazzo, 1990). The 701 owing pairs of

var iables were significant!y correlated w.th o0One another:

numoer of cigarettes smoked and amount of caffe,nated coffee

ro

drunk (r = .22, n =377, p < .J0001)., numpbaer af cigarettes

smoked and total numper of caffeinated opeverages drunk (r =

.27, n =377, p < .0001), number of cigarettes smoksd andg
numpoer of glasses c¥ 2seer arunk {r = L&, o = 377, p o=

.007), number of cups of caffeinatea coffee ~runk anc number

of gtasses of beer drunk {(r = .10, n = 381, p = .085).
After additional data are coliecteq, concordance
analyses wil! be performed to !'ook for patterns of benaviar

among absta:iners.
One-way anaivses af var:ance were oerfarmec using sex

as the independent var:iable and amounts of =tne foiiow ng as

separate Jdependent ;ar jaonles: c.garesTtes, ToTtal a'lcohot,
beer, wine, lrquor , total caffeinateqa ceverages, total
decaffeinated severages, tea, ana coffee. The foilowing
produced significant F-vaiues: sex % tota a.coho. (F=
30.35, p < .000'), sex x beer (F = l18.64, oo L0001, Sex A
i rquor (F = 8.35, p = 003y, sex - caffe nated
beverages (F =3.50, p = .06 - <trena), anc =zex = coffee (F =
.22, 2 0= AR ~o%c o2 z2amo o2, I9Y LY -2 rxsgIrceTTE: owvere
women . in 2acn zagnifaicant AMNMOVA, men corzlotea nore i oTre

substance than women.
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When follow-up cats are coilected on crolestero!,

part.cipants will be asked agan IC cZoamplete the
Juestiannaire v a s .gntty moa:rfiea form. We wiil be abie
then to assess changes in  psycnoiogica: as  wei as

consumatory factors.

V. RECOMMENDAT iONS:

a. Regaraing the f.naings on nicot.ine, a cano!, and
caffeine consumption, it 18 recommended tnat med:cal and
mental heaith profess.onais Keep these f-equent, iegal

benaviors in mind when assessing a pat:ent’'s current status.
i f they do indeed occur 1n ciusters, this might represent a
broader behavioral styte, an 1ssue that shouid be adcressed
in future research efforts.

With respect to the study that addresses preactors of
change in the Well!ness Program, the potent:a: value iS most
exciting. {f we can p.npoint preacictors of cnange N such
therapeutic situations, then we <c¢an try to reach those
people who thus far nave not responded tc cnange efforts for
other behaviors such as stopping the consumpt:on of alcohol,
stopping smoking, o5 :ng weignt, increas i ng exercise, or

following through with psychotherapy.

. Two bodies of fo1icw-0on wCrk are nroposed. Firat,

we intend to continue collecting survey gata from Wel lness

Program participants so tnat <changes N pnysaical heal th
(e.q., cholestercl ievels) andg psycholiog:cai state (e.g.,
zrtage of change, seif-2%%f cacy) zan be 1"wvest. jated. we
intend to caonduct discriminant analyces 2na mu'tipte
T2gressians I Tne zatz =0 e N tave 3 netter
uncerstanding aof what <ina of person respancs we To o a

health promotion program.
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Jecona, due to interest generarted by the i :terature
searches at the beginning of the summer, | plan t0 concuct
my master's thesis an a compar =2crn ST JAognitive therapy anad

retaxation for the treatment of neagaches using BHP pat enc

tn

as sub,ects. Cow ol tanorazte with Dr. Wayne “a cotrt,
Cirector of Biofeeadback Training and Researcn at BHF.
For poth of these pro ects we wil | app'y for a R'F

mini-grant from UES and the USAFOSH.
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1_ayE>-

N2z 30R
PLEASZ COMPLETE AND RETURN T 3 5URVE- BET0RE Tmi _ZCTURE 533N
T AN YO

NAME - AGE - SE - 2 GHT

- ———— ——— —— ————— —— -———— - - —_———-——

DATE: SHONE = - MARITAL STATUS:

YQUR SSo:

—— . ————— — o —— e - ——

NAME AND RELAT!ONSHIP OF PERSON UNDER WHOSE SSB  YOUR MED:CAL
RECORDS ARE KEPT:

———— " — ——— - ———— —— - ————————————_————— —

IS YOUR SPOUSE ALSO PARTICIPATING 1N THE WELLNZSS PRCGRAMY

g

WHAT 1S THE HIGHEST LEVE. OF EDUCAT ION YOU HAVE COMFLETED?
A. LESS THAN HIGH SCHOOL
B. HIGH SCHOOL DIPLOMA OR GEL
C. SOME COLLEGE
0. COLLEGE DEGREE
E. GRADUATE WORK OR DEGRFt

Piease answer the follow:nQ aQuestions by circ. iNng the numper :hat
pest represents your agreement witn that statement.

1. As far as !'m concernec. . aon't nave any nea!tr prabieme that
need changting.

Jrmm e 2emmmem———- Jommmmmmm - --mmm e 5
Strong Strong
Diaagreement Agreement
2. ! think | mignt be ready for some se: ‘- imorovement
|emmmr e e e Rl fommmm e S
Strong Straong
Disagreement Agreement
3. ! am dotng gomething abou: the nNea!trn Drob.ems that Naz oseen
pother ing me.
R e PR R it d===-mm e - 5
Strong Strong
Oi1sagreement Agreemen:
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10.

T might

Stroang
D.sagreement

I'm not thé Qne wi
for me to be here.
e ce o e w--

Strong

Digsagreement

IT worries me that

have already changed,

Disagreement

Strong
Disagreement

|'ve been thinking

myse !l f.

Strong
Disagreement

' nave been successful

not sure |
Strong
Disagreement
AT
[
Strong

Disagreement

Being here

be worthwh:ie

times my hea!th

thn a health

[}

S0

that

proolem

migns:

in working on
can keep up the effort on

- e = - — -

problem.

- - -

want

-t - - -— -

1e gi1fficult,

s pretty much of a waste oF

the problem doesn’'t have to do with me.

Strona

my nes tn
my own.

tO work on my nealtr orobtrem.

Strong
Agreement
T coesn’ <

maKke sense

Strong
Agreement

! might s1ip pack on & nealth problem !
am nere to seexk helip.

Strong
Agreement

1 am finally doting some wors on my hea!th orobiems.

Agreement

someth.ng about

Strong
Agreement

probiem but I 'm

Strong
Agreement

put ! 'm working on

Strong
Agreement

time for me because

Strona




16.

16.

17.

‘moncping this program wi . Nelp me TC besTter undercstand
mysel f.
lommeemema Jommmm - oo~ d==--=sve--- 5
Strong Strong
Oisagreement Agreement
i guess | have faults, but there's notning tnat | really neec

to change.

== m———- 2ommmmmm—- 3~ d----=-cena 5
Straong Strong
Disagreement Agreement

| am really working hard to change.

fommmmme e 2o mmmm - 3= 4---==----- 5
Strong Strong
Disagreement Agreement
| have a health problem and | realtly think | snould work on
it.
I et 2em=m=mmm——— e de~mmmmmm - <
Strong Strong
Disagreement Agreement
i'm not following through with what | nao atready changed
as well as | had hoped, and |'m here to prevent a relapse

of my neaith problem.

= ———- 2---=--==-- emmmer e d--—-=neee 8
Strong Strong
Oisagreement Agreement
Even though |!'m not always successful :1n cnang:ng, ! am at

least working on my healtn probliem.

L et e K et ke Qommmrmm e 6
Strong Strong
Disagreement Agreement
! thought once ! had resolved my hea!th problem : woula be
free of It, but sometimes | stli! fing mysetf strugg' 'ng with
1T
I-mmmmm - 2-==mmmmm—- J--mmmm - 4------cn-- 5
Strong Strong
Disagreement Agreement
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19.

20.

21.

22.

24.

25.

26 .

I wish | nad maore 1deas On NOwW TO SOCIVe My nea: tr probilem.
Jrmmmmeee == Q-=mmmmm - R e d--------=-- 5
Strong Strcmg

ODisagreement Agreement
I Nave started working Oon my healtnh protiems oOutl  WoOuld | ikKe
help.

lommmemm == Qoo - d--=-------- )

Strong Strong
Disagreement Agreement
Maybe this place wiill be able tc nheilo me.

J=ommmmen— e Jommmmm -~ e 5

Strong Strong

Disagreement Agreement

. may need a boost right now to help me ma.ntain the changes
!"ve already made.

lememmmem - 2-ccmemme-- Se==mmom-- 4-=-=c-=--- 5
Strong Strong
Oi1sagreement Agreement
! may be part of the problem, but ! aorn’': really think . am.
v e = e bl 3-===m—---- fo~----==-- g
Strong : Strong
Oisagreement Agreement
i hope that someone here will have some gooc aovice for me.
Immmmem - Qeemmmmmm=- K bl bl d-=-==----~-- S
Strong Strong
Disagreement Agreement
Anyone can talk about changing: | 'm actual.. doing something
about It.
LR AR 3---mmm e e 5
Strong Strong
Disagreement Agreement
Al this talk about wellness 1s bor:ng. Wny can’'t peopDle

Jjust forget about their nealth probiems”’

lmmmmm - Qemmmmm - ===~ L===--mmmmm 5
Strang Strong
Oisagreement Agreement
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28.

30.

31.

34.

‘T nere to prevent myse'® f-om having 3 re aonse o‘ my nhea'*T"

probiem.
e DQeeememm - I m - decmemmmeea s
Strong Strong
Disagreement Agreement
It is frustrating, but | feel | mignt be naving &a recurrence
of a health problem | thought ( had resolved.
Vmmmmee e 2--emmm———- 3-ceemmem - 4-mmmmm e g
Strong Strong
Disagreement Agreement
i nave worries bu?f SO do0es The next persor.. Why spend time

th.nking about them?

L 2ecremmnem- Fmmm—————-- R 5
Strong Strong
Disagreement Agreement

I am actively working on my healtn proolem.

Jommmmmm 2-=m—--mm-- 3a-emmm———- Qe--mmm——=- 5
Strong Strong
Disagreement Agreement

! would rather cope with my fau!ts thar try To change them

e e 2 ————— SGemcmmm - dewm—mmmm 5
Strong Strong
D:sagreement Agreement
After alt | hago done to try to change my neaith problem,

every now and again it comes back to haunt me.

Jommmmmm - 2---------- Is-mm—mm—-- 4---=------ 5
Strong Strong
Disagreement : Agreement
When things are not going My way, ! think I 1S useiess to

try to change them.

tomm e 2ocmemmem - J--mmmmm——- Qo--mmmm—— 5
Strong Strong
ODisagreement Agreement

My stress seems to be unpred:ictable.

Immmm 2e====-m-=- bt dommmmmmm-- £
Strong Strong
D:sagreement Agreement

119-16




35.

w
[+ 3

37.

38.

39.

40.

41 .

ing

i fingd ways to accomplish wnat | want.
fmm———————— R Jomm——————- Qemmveee -~ 5
Strong Strong
Disagreement Agreement
arm not apile to givé WNRat | want to peobie Ciose to me.
lesceme e e e e e~ it ke 4--—mmm—-——— £
Strong Strong
Disagreement Agreemen*
I find mygel!f in situations | ftee! netpiess to ac anyth
about.
lommmmmmm 2esccemmm- 3----m—-- d--=v-=-=- g
Strong Strong
Disagreement Agreement
I run into problems | cannot solve.
= Ao—mmm - J-—==—m————- femmerm - 5
Strong Strong
Disagreement Agreement
I do not think | have contro! over things :n my !ife.
e 2--=-=-=---- 3= 4------v--- 5
Strong Strong
Disagreement Agreement

I like to take on new challenges.

lemmmmme o 2=—=--e---- 3---------- R e 5
Strong Strong
Oisagreement Agreement

How confident are you that you can change your nealth’®

Not at all very

Please answer the following guestions Dby Ci”C:i1ng the letter
the answer that best represents you.

42 .

How many hours of sieep go vou get on & typica. night?
Less than 7 hours

a.
. 7-9 hours
c. More than 9 hours

119-17
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Wne refe-red va. Tz the we nesz 2rTIo3v’
a. Self <
b. Spouse/Other relat:ive
¢. Doctor -
d. Friend v
44. For what spec i fic reason ci1a you come to tne we! lness
program? (Select THE best ONE.) o
a. To lose weight L
b. To lower cholestero! i1eve
c. To improve health hab:its 1
d. Sounded interesting
e. Other (Please indicate __________ __ ___________
45 How often do you participate 'n a vigorous exercise program
or engage i1n physical activities?
&. 3 or more times per weex
b. Weekly
c. Seigom
d. Never
46. Do you have a pet?
a. Yes
b. No
47. Do you ltive atone?
a. ves
b. No
48. !'f no, how many people 1i1ve with you’

Please answer the foliowing QUeEsST ions Dv Wr it .Ng your
the blank provided.

493. Do you currently Smoke Cigarettes”

50. !'f yes, how many c garettes per day 4GC VO. SmoKe’

1. Have you ever smokeo Ci1gar23tes 'n the past?

119-18
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How much caffeinated and decaffetnatec coffee, tea., and’/ar
cola do you dr :ink per gay’

of
of
of
ot
of
of

88 8848

cups of regutar, catfeinatea coftee per aay
cups of decaffe natead coffee per aqay

cups of regular, caffeinated tea per aav
cups of decaffei natead tea per day

botties of caffelnated coia per acav

botties of decaffeinated cnia per day

How many alcohotlic or inks do you drink per month?

12 02. beers per month  ________
4 02z. glasses of wine per montn ______ ___
drinks containing 1-2 oz. of hard liquor per menth

THANK YOU FOR ANSWERING THESE QUESTIONS FOR US.

PLEASE RETURN YOUR COMPLETED SURVEY TO THE SURVEY TABLE.
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Stacev Johnson

ABSTRACT

Several authors have suggested that "small black babies
achieve better survival rates than small white babies".l'2
This contention 1is based on data produced from large
population studies that do not address other important fac-
tors effecting neonatal mortality rates (amount of prenatal
care, socioeconomic status, degree of prematurity). The
purpose of this study was to query a large, military neona-
tal database to determine if small black babies did better
than small white babies in a population of patients with
free access to prenatal care (military system). We re-
viewed and checked data on 596 infants admitted to the
Wilford Hall USAF Medical Center (WHMC) neonatal database.
To avoid neonatal referrals from biasing our results, we
studied only infants who were born at WHMC (n = 367). of
the 367 inborn infants, 213 were white, 71 were black and
83 were other (eg Hispanic, Asian, Indian). We limited our
analysis to white and black infants. We compared average
birthweight, survival, incidence of bronchopulmonary
dysplasia, and incidence of intracranial hemorrhage between

premature black and white infants in four gestational age

groups.
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The results are summarized in the table below N
<=25 26-28 29-31 31-34

Black White Black White Black White Black White

Incidence CLD 25% 50% 30% 41% 6% 12% 3% 4% A
Incidence IVH 86% 57% 44% 57% 15% 43% 4% 11%
Survival 29% 24% 64% 65% 94% 90% 100% 96%

There was no difference in outcome between black and white
infants in any of the outcomes measured. Gestational age
at birth was the most important prognostic factor. More .
immature were smaller at birth and had significantly worse
outcome in all measures of morbidity and mortality. These
data suggest that the difference in outcome previously ]
noted may be related to other demographic difference rather

than racial differences.
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I. INTRODUCTION

Several studies document differences in low birthweight
(LBW) rate. Neonatal morbidity and mortality between blacks
and whites. Some authors attribute these differences to
socioeconomic factors, others suggest race alone impacts on
the measure of perinatal outcome.

Prior to my visit to Wilford Hall USAF Medical Center
(WHMC), a professor at my medical school (Meharry Medical
College) suggested an independent research project. That
project was to document the birthweights of infants of
mothers who were placed in certain categories (i.e. smok-
ers, nonsmokers, drinkers, drug users, drug abusers, etc.).
When I applied for the Graduate Summer Research Program,
Dr. Clark, a physician at WHMC saw that we shared a mutual
interest in LBW infants. Dr. Clark believed we could work
together to determine if the reported differences in out-
come between black and white LBW infants were present in a

military population.
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II. OBJECTIVES OF THE RESEARCH EFFORT

Our purpose was to develop and complete a research
project evaluating risk factors affecting perinatal morbid-
ity and mortality in LBW infants born at a military re-
gional medical center. My specific aims were as follows:

1. Learn research methods used to acquire background
data to support a research project.

a. Use of computerized library resources
search techniques to establish a bibliography
of sources. (eg CDROM, mini-medline)

b. Review articles to develop background
information.

c. Focus in on core articles.

2. To check and complete data entry into neonatal
database.

3. To statistically analyze the effect of race and
birthweight on neonatal morbidity
(intraventricular hemorrhage and bronchopulmonary
dysplasia) and mortality in premature infants born
at WHMC.

4. Complete final report for UES.
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ITI. BACKGROUND DATA

We studied the risk factors affecting perinatal morbid-
ity and mortality. Low birthweight (LBW) contributes sig-
nificantly to neonatal morbidity and mortality. Among LBW
infants, a number of factors contribute to poor outcome.
These factors include race, gender, socioeconomic status,
access to prenatal éare, maternal age, gestational age,
birthweight, prenatal stress, drug use or abuse and marital
status. Recent articles suggest that the most important
factors are race, socioeconomic status and maternal age.

The military health care system offers a unique popula-
tion for study. All military personnel and there depen-
dents have free access to prenatal care. We anticipated
that free access to care might reduce the impact of race
and socioeconomic status on outcome in LBW infants. The
purpose of this study was to determine if this conjecture
was true.

The Wilford Hall USAF Medical Center (WHMC) maintains a
large database on all premature infants born at WHMC
(started in 1986). This database includes data on
perinatal history, neonatal history and outcome. A summary

table is provided:
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Maternal Factors Neonatal Factors Outcome
Age Fetal Distress Chronic Lung
Prenatal Care Apgar Score Disease
Infection Est. Gest. Age IVH

Smoking Birthweight Death

Blood Type Degree of Lung

Race Disease

Need for Assisted
Ventilation

Race

After updating and checking the database, we analyzed

the data in order to answer our proposed question.

IV. METHODS (Objectives 3 & 4)

After gathering our background information we entered
data essential to our research topic. Data concerning
birthweight was checked against obsterical records. Race
and survival data was checked against the hospital comput-
erized record. Records of head ultrasounds were reviewed
to verify that the grade of intracranial hemorrhage was

properly recorded in the database. And arterial blood
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gases were reviewed to determine if the infant had
bronchopulmonary dysplasia. To determine if race effected
outcome we subdivided the data according to estimated ges-
tational age (EGA). This was done to block EGA as a con-

founding variable.

V. RESULTS

596 records of premature infants (<34 wks gestation)
were reviewed and checked. To avoid referral bias caused
by patients transferred to WHMC for special therapies only

those infants born at WHMC were included in the study

(N=367). Of the 367 inborn patients, 213 (58%) white and
71 (19%) were black. Birthweight, bronchopulmonary

dysplasia (BPD) at 36 weeks postconception age (PCA),
intraventricular hemorrhage (IVH), and survival were stud-
ied.

The following graphs summarize the results of our re-
search. There was no difference in mean birthweight or
survival between black and white infants at any given ges-
tational age (see figures 1 and 2).

The the incidence of bronchopulmonary dysplasia (BPD)
(figure 3A) and the incidence of severe BPD (figure 3B) de-

creased with increasing gestational age. While there was
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no significant difference between the two races in the in-
cidence of BPD, the incidence was higher in white infants
than in black infants at each gestational age.

The incidence of intraventricular hemorrhage IVH (figure
4) and the incidence of severe IVH decreased with increas-
ing gestational age. Black infants born less than 25 weeks
gestation had a higher overall incidence of IVH than white
infants at the same gestational age. There were no other

race related differences in the incidence of IVH.

VI. DISCUSSION

Several articles demonstrate that the overall mortality
rate for black infants is greater than that for white in-
fants. The ratio of differences in neonatal mortality

1,2,3

quoted 1in these articles is 2:1. In contrast, the

mortali+ty rute for black LBW infants (<2500 grams) is lower

than it is for white LBW infants.l’2’3

The mortality rate
for black infants does not exceed that of white infants un-
til the infant birthweight is above 2500qg. Binkin and
Wilcox suggested the higher black infant mortality rate was
explained by the higher incidence of LBW infants in the

1,2,3

black population. The lower mortality rate of LBW

black neonates was attributed to the fact that Dblack
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neonates appear to have more mature lungs at the same ges-

tational age.” Unfortunatley, none of these studies has

addressed access to care as a potential confounding issue.

Maternal age is also an important risk factor. The risk
of having a LBW infant at term is lowest in teen teenagers
and increases with advancing age'4 Statistics suggest that

the 1incidence is higher in teenagers'4'5

This may be due
to the fact that teenage pregnancies are associated with a
number of confounding maternal factors.?'® a higher pro-
portion of these teenagers are black, single, have less
education, higher proportion of primigravidas and usually

have poorer prenatal care status.4'5

Older age groups are
composed of more mothers who are white, who have gone to
college, are married, have had at least one child and tend
to have better prenatal care status. All of which (except
age) points to a decreasing risk of having a LBW infant.
If all of these confounding variables are considered, ma-
ternal age does not appear to be an independent risk factor
for prognosticating the likelihood of premature labor on
delivery.

Low socioeconomic status is also reported to be an im-
portant risk factor in predicting LBW and neonatal mortal-

ity rates. As the mean family income decreases, there is

an 1increase 1in the number of LBW infants born 1in both

120-11




races.6’7 Even when the socioeconomic status is the same,
there 1is still a higher incidence of LBW in black

neonates.7 Socioeconomic disadvantage does not directly

cause LBW. Instead it introduced a variety of "biologi-
cally active" limitations, stresses and maladaptive coping
strategies. For example low income limites access to ad-

equate medical care, restricts nutrition during pregnancy,
and is associated with teenage pregnancy, smoking and drug
use. All of these factors exert a direct biological effect
on birthweight.

The Air Force military population offers a unique
population of patients. Economic status is readily deter-
minable and graded by the military rank of the sponsor of
the dependent seeking medical care. Prenatal care is pro-
vided free of charge and hospitalization results in only
nominal charges to the family ($8.00 per day). As we an-
ticipated, this free access to care appears to reduce pre-
viously reported racial difference in outcome and average
birthweight in premature infants. 1In our study, gesta-
tional age at birth was a much more important factor in de-
termining neonatal outcome and birthweight than race.
While these results suggest that free access to prenatal
care may have favorable impact on racial difference in neo-

natal outcome, further analysis is required.
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VII. RECOMMENDATION

1. We were unable to complete our multivariate analysis
of the database within the time allotted for this research
elective. Dr. Clark, Dr. Yoder and Dr. Walsh have an ongo-
ing commitment to further analysis of other factor’s ef-
fecting neonatal outcome in this unique population of pa-
tients. Factors that will be checked this year include
maternal age and sponsors rank.

2. While there were no racial specific differences
found in outcome, we have not evaluated the effect of race
on the LBW rate or overall neonatal mortality rate. Data
from a study presented at the Southern Society of Pediatric
Research suggest that the military milks mimics the
American population as a whole with regards to these two
outcome variables. Military black mothers have a higher
likelihood of delivering a LBW infant and neonatal mortal-
ity rates among black infants are twice that seen in black
infants. We are investigating this observation at WHMC.
We hope to determine if these differences are present in
our own patients. These observations are important to the
development of comprehensive health care plan. If free ac-
cess to care does not reduce the incidence of LBW or neona-
tal mortality, then other strategies must be adapted to im-

prove these measures of maternal-child health care.
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Figure 3A

Figure 3B
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TNTARODUCT TON;

Sasic miiitary tra.ning oM7) = 3 periadac of =2=xtreme
ztress. Many trainees desire & .schrarge from The me tary
once tmey enter das:c trainong. Thersfore, t S TCcsSsioie

trey wil! be nighly mativatec o ™ma.tnger n Grader <9

T
rece:ve a discharge. For th:s cart:cuiar 3tudy, Ma:  nger ng

'8 defineag as the intentionatl fak:n cr exaggerat:cn of
ohys . ca: or psycholog:ica: sympIoms, Jsualily motivated by
external incentives (APA, 1987). ‘'t 1s very 'mportant faor
the m,l:tary to se adie to cent:fy wn.ch trainees ars <-u.y

mal «ngering so that necessary recommendations can oe Mage .

Saor 2xampie, approprilate sSuBPOrtT grouiss ne:ip many trainees
successfully cope with BMT. 'n addg:t:'on, actua:, cases of
mal inger ing need to ve accurata'y dentified =since th:s is
cane . cerec a ser:ous cfferse pfu) the =m: 1 Tary and <3ouid

resul!T n possible incarceration.

3ehavioral Analysis Services (BAS) .

n

an QquiIgat ent
evaluatiaon clinic particu‘ar'y concerned with maiinger ng

si1nce ther recommencations are 3 dec:c:ng *ac

(2}
0]
3

fowhether

)

tra:nees are returnad tc  Icty «]T2) or aischargec. SA!

orov:Z2es psychological test:ng anc suppoort grouds o7 act: v

1d

duty personne! . Basic =rainees rece ving sServ Ces are

nterv ewed tTo dJeterm:ne whether They shou - o ST or oe

separatcea from The m:i.,tary. C. o oNn:ical Arav.gers -Se
psychoiagicai test resutts, :nterviews, anc &:agnoses To &3
n o their racommendat i ons. The MMPI-2 = a widely respected
persanal ity instrument that s cften usec To  Jetect
mal! . ~gering and a4 N Tne zeTterminat.oor o7 2iagnoses  for
basic tra nees (Hawk % Cornetli, "989: R:ce, Arroic, & Tate,
Ta53: Scrretian, 13583 Na. ts-z 233 Nazy w., Zrzzz=-ar
Haywooe, % Cavanaugh, 2r., 1388).
8AS personnel are soec:?ficatlly concernea wi:th "now

Stress ;nteracts with motivat:on to ~ai nger orn tre VMWME -1
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There s a very ‘M teg amount OT
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.Nn this area and

Tne ma;ority T sStucies nave examinec tThe role sStress plays

n Mma; . nger:ng  among pPri=on o nmares 2.3., Naiters, 13982,
ccltlege stucents {(&.g., Schretien, 1238), ane .na:ivicua:s
w1 Th post-fraumat.c stress aisorcer fe.3., “ay, Sippreile,
Rueger, and Carro!l, '984). However, very ‘ew ztugies nave
actuaiily examined wnat haopens o the mot.vat.on to mat irger
when s<tressors are removed. This fie'c stuay provideo the
Jpportunity ts JQqetect the Interact:oan setween sStress  ang
mal inger ing Jduring stress and N post-sIiress situations

wni e compar . ~g

currentty
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~eferred Dy their Ira:n:ng S SSICUCTOr oOr 34Quacron iesaaqger due
“g a:¢ficuit:es coping w Th 3MT. Jata ent-, was :'n;-:ated
ang Sontinueg  Thrcugnout My wark per . oag. “owever sarta
analyses were neoT sursued at this  tT:me Tecause the study
~aquired mMOre Mmanpower NQuUrs  Than or:g:na:fy was thought
necessary. Therefore, the rest of the paper wi il address
tne second GbhjecTtive. )

The secona oviect:ive 3Jur:.ng My ass:grnment  was Lo
compare basic trszinees’ MMPI-2 profites cotarneg during
stress with trainees’ VMPI(-2 profiles cotained GoOsST-sTrass.
A though prior work has demonstrated that mot vatec subjects

Wil mat.nger {(e.g., Scnretien, 1988), tn- s 5t

C

ay is the
‘iret to nclude a repeated measures compcnent I0  examine
wnat occurs with the val:dity scates o0f the MMPi-2 when the
motivation to mai.nger 1€ removed.

't was progesed tTnat a3t snTtake at SAS aoividua.s Se.ng

arschargeda from tnre mylitary and recasmmanced  tTo  Tthe
Fersonne | Process ng Bguadaron (PPS1  woutd nave more
patholagica! scores on the MMPI-2 than :na.v:duais RTD ano
referred to Airman’s Supbport Group {ASG) . More
specifically, PPS raw scores on the MMPI-2 were predicted to
be nigher, on the The average, across cinoza. scales. n
addition, EPs tratnees were predictea T2 C2ispilay mare
nal nger :ng f(sca:es ~-<, witn a nianer £ anc a . ower Y) an
the MMPI-2 and more ser ous diagnoses than A>3 ndiv:.Qualis.

Furthermore, the VWMPi-Z scoree ontained after the tra nees
rnad entered a therapy group (the rntervent.an) were to be
compared. 't owas pregictrted “mat °PS =scores wouid nave &

significant iy greater

[

hange than ASS scores, whrcn wouw: d

resuil t N a sma 2 1 ffarerce between me Two  Jroups at
sCet- nTervert oon, £ 56, =og ZCCTEE 2 Ter g

ntervent an were srel.CcTeld T3 MOvVe Taiwara “armatiTy on ai .
of the validity and ciinical scales. There‘ore, there wouid
be a re@uct:an -~ " fak'ng saa’, since T wou 2 Jdecrease ana «
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Nou | d increase. However , ASG scores were prec:crted to

cnange very 1 itt!le since These :ndividua.s ~Nere st.:. under
stress and nad rerturned to SMT. Ada . t:onai comgar ICcrns were
To oe maage o determ.ne ¥ Ttnere m:gnt e an Ateract.on

between type of ciass:if.cation (PPS nr A3E) zno sex.

a. Thirty-six Dasic ITra nees (27 maies, 'S femaies)
ranging in age from 17 to 23 (M = 20:; 3D = >2.3) partizicatec
' the study. Al of the subjects wne gpart.c. catea .~ the
s3tudy had regquested or sSeen referrea faor services at 3AS due
te difficuities exper:enced N DAasic L Tary  Tracnaing.
Basic Trainees receiving serv:ices are first intervi.ewed ta
determine whether they should return to cuty r be separated
fram the mi. :itary, ang tnén Thg 30DrooSr” i3ate SLpporT Iricp (3
recommended. Sub,ects were divided FNTO Two IJroups: 17

supjects attended A3G, which 185 & remotivation group for
basic trainees RTD who are experienc:n g1 ¥f cuities
adyjusting to gasic m:: Ttary Ttraining. The ASG = & zne-

hnour, twice weekly process, in WhICh Trainees . 2arn Caping

sk:ils for fasic ftraining 4Jnder The aira2ct:cn of a
cregentiailed mental neaith provider. There ar=, 30 the
average, '8 “rainees - 2acn SES5.0N NG TraNEes Tys.Zac iy
attend three sessions. Trhe second group o7 =sSupyests {n =
1) were 1n the PR3 group, wh:ch s a suoppors 3Sroug Tor
basic trainees peing J:.scharged Tfrom the Mm.:tary. Sormat
and structure s the sSame as for the ASG, wrtn zarn empnas:s
oroadiusting  To separat on from Tne M tary, “utu-e zcais
and plans, and current emotional difficuit:as. Tnere are,
in the average, i) SrS v Qua. = S 2@a8c™ 3esg 2~ ana,

typicaily, two sSessicns are attendeaq.
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2! subjects were agm:n:istereg tne MMP!'-2 twice. The
first administration of the MMPI-2 was par:z 2f a routine
assessment performeda at 3SA3 orior to recommendat- on to
e ther group. The psycho!cgist evaluat:ing the recru:t then
“ecommended the subject far =.ther ASG and 837D cr to the FPPS
group and discharge from the Air Force. After <the sub;ect
atterged at least two groug sSessions, ne gr sne could

voiuntarily participate 1n a second admin:stratian of <the

mm

MMP -2 Clinical scales and the validity scaies L, ¥, and

'

[

were scored. T and F tests were computea =0 compare MMPi-Z

raw sScore means ana vartiances of the ASG tTo the F2S group,

as welil as pre- énd pOST—-Qroup scores. Tne MMRI-2 prof i tes
for 2ach group of suojects were compi.ead Gusing K
corrections. Then the composite prof. ies for ASG ana FPS
groups were compared. in acdition, a compar ison of pre- anaga
post-group MMPi{~2 composite profi.es wase made *f5r  2ach
group.

5. There were na significant differences between <the
PPS and ASG females'’ MMP{-2? scores praior to graup
ntervention, althougn =23 famaies aia Aave nagher

eievat:ionsg on scales L, Hs, D, Hy, Pa, anc 2z 'gee

rt

Figure 1). These resu!ts are :nterpreted as .ndicat:n

(o]

rt

-y
n 1]
in

both Jroups were experiencing Sim:ltar amounts af

[1]]
ot
3
1\

cefare group intervent:on.

=98 femaies’ F scores 3re .n the quest.onable val . dity

range (T = 80), but the F-x of 0 and x T-score of 42 are ' n
“he modal range. ror ASGQG ‘emaies, soth of the vaiidity

rna:cators of h:gn F and !ow X T-scores are pevona tre va!.d
~ange. These val a1ty Scores are .nterpreted as . ndicat:ng
3m &rszggerat.ocn ot symMpToms and = S oea T e o CHETMEANS,
4 Men nley, 1989). An . aTtarsretat.on ot acTtya: ma: i nger .o ng
wou!d be difficult to make tn 1ight of the <emal: sample
si1ze, the F-K ratio ana, *or =ne >PS group, tne moga: -ange
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of the K scores. In adeit:on, there were no significant

aifferences -etween tne P95 and A3G ‘ema.es' MMPI-2 scores

after group intervention, although 2PS femaies maintai nec
higher scores on Hs, 2, Ay, Pt, anda 3. {see Figure 2).
Scores on all of the scales (except Ma for A33) moved closer
to the moda! range 1n compar :30n TO cre-:nterventicon scores.

A compar iscn of the validity .ncicatecrs snows that tne
ASG scores remain the same as prior <0 Jgroup intervent:on,
but that the PPS scores move 1into the mocal range. Even
though there :s iess exaggeration of symprtoms for the PPS

post-group femaies, they stil! exper:ence more ciffic

C

Tty 'n
dealing with stress than *thre ASG “‘emaies. ASG femaies
cont.nued to show questionable valt:¢i1Ty, 24Ut their ciinica!
scales dropped, suggest:ing that gJroup intervention was
heipfu! in cealing with stress.

A compar:son of pre- ang 508St-group ntervent.on scores

for the PPS females shows that al! scale scores except . anag
Si, moved :n *the direct:an cf the moda: range after two
days, and not more than 7-10 days. of group intervention
(see Figure 3). There was an average change of 4.5 'n 7T-
scores. All of the wvalidity :ngicators moved to with.n
acceptable | m.ts. None of +*neéese trends were statistical.y

sign:ficant, nowever.

)

The cnange 1A the sa: 2 Ty AQ:Catore ans the Jecrease

O
r
C

in  the ci(nical scales are nterpretec as refliecting the
decrease N persona: ci1strees after o ng ‘nformea they
wouid be removed from tne stressfu: situation. The eievatec
scores of the post- ntervention ~PS sub ;ects probabiy
reflect the fact that these women ar e &xper . .enc:ng &ngoing

psychopatho!ogy or ser ious acijustment disorders that were

ontly amp:! 1 f.e3 dy the.ur current strass. A compar :son o

pre- and post-A3G ‘ntarvent:ocn  for ‘emaes rndicated tnat

there were no significant differences 'n scaie scores, even

though there was a croo . ari ciinical scales, except Ma
1219




(see Figure 4&). The validity scaies’ scores rema ned the
same as at pre-group .ntervention. The excessive vaiidity
incdicators are =een as continued pieas for nmeip. However,
the decrease A CHonical scates’ sccres s nterorated as
indicating that group intervent:on S e ping the A5G
females better c-ope with BMT stress. ‘N other worcas, ASG

‘emales are doing better with the:r ongo:ng sStress, even
though they 4o not like %,

There ware no si1gn:ficant g1 fferences oetween tne PPS
adn ASG males’ MMP|-2 scores prior to groun :nterventign,

although PPS maises @:a have nigher gievations on scal F

m
th

’

Hs, D, Pa, Pt 3¢, and Si (see Fiqure 5). These res

-
-

i

1
i

[

n

indicate that po*th groups were exper:2ncing sS:milar amount
of stress before group intervention.

PPS males’ =, scores are :n the quest:onablie val:i:dity
range (T = 85), out the F-K of 5 anc r T-scorz of 42 are .n
the moda! range. These vaiidity scores are interpreted as
indicating an exaggeratian aof symptoms anoc a ‘piea for help”
(Hathaway & Mcxinley, 1989) . An interpretation of
matlinger ing wou 2 be difficult to make 1 :.gnTt of the ema!.

—

samp i e size, Tne r-r ratio, and Ine moaa: range af the

score. For tme ASG males, all of the va. zity ndic&@tars
are within the moda! range. This :nd.cates that the ASG
males are not &xaggerat:ng thne.ir sSymproms ans  tnere are ~o

signs of mai :.nger ng.

There were ~o significant cifferences cetween the PPS

and ASG males’ MMPI-2 scores after group ntervention,
except for sca:e Si (p = L0910 . However °PS males
maintained r:gmer scores *than ASG males cr 2, Pz, Pa, Pr,
Sc, and Si (see Figure 6). All of the sca:z scores (except

aly  maoves o - Twme vtooa: Tasge oo

1
[11]
b
ot
w
[N
1

-

rntervention =

0
D
th

A compar son of the validity :'ngicators shows that the

ASG scores rema ned within the moaa: range. PSS ma . es’
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score moved 1nTto the mccar range wniie The otner sai 1Sty
-Ag:cators rema ned the same as pri1or to Jroup :nhtervention.

Therafore, aven <tnougn TtThere :s ess exaggerat:or of
symptoms for the PPS post-group males, tney sSt:i. ewpear: ence

more diff.culty 1n dea:.:ing with sTress than the

D

SG males.
N addition, PPS males are sign:ficantiy mors ,-troverteaq,
=£hy, ana geopressed *“han A3G0 ma:es, a5 ncdicated oy *the Si T-
score of 66. The <ciinical scaie scores dropped far ASG
ma:ies suggesting that groun intervention was neipful PN

dea!'ng with stress.

A comparisaon cf ora- and post-grouc rntervention ftor
the PPS males shows that all scaile scores exceprt, _, %, MF,
ana Ma moved in the cirecttion of the moca: range atter two
to ten days of group intervention. There was an average
cnange of 3.3 in T-scores. The validity :ndicatar F moved
to with:n acceptabie | mits; whereas, - &g k. ramainec Tre
3ame . There was a s3ign:ficant decrease n sca.e F (p =
.047) and :n scate Pa (p = .0581). The remain:ng Irencs were
not sign:ficant.

The cnange n scaie < ang decrease in <ci:nicai sScales
are interpreted as reflecting the cecrease P sersgnal
distress after the maies were .nformed <that thev would be
removed from the stressfui situation. The necresase 'n scale
Ma orobab'y indicates an .Acrease :in Snergy amcng tne 2968
mailes. The elevateg scores of the post-:ntervent:an PPS
participants prcbably refiects the fact that <tnese men are

exper iencing angaing psychopatholiogy or ser:ous ac ;ustment

disorders that were cnily ampi:f.,ed oy their current sSt-ess.
Furthermore, a ceomparaison of orsa=- anc¢ pSOost-ASG

ntervention for maies snows a3 decrease n ati clinical

sca. e sccres raxcept Ma) PN the a:rect g (ke e mogca:

0

range. The val. a1ty Agicators remainea

2

rThin the moaal
range. There were no significant differences n the trends.

“{owever, the dec! ine nCc. A1cai sca.e scocres ng:cates that
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ntervent:ian is Seiping the ASG ma.es cetter

. —_—
.\/ c o

COMMENDAT [ ONS .

3. T

The resyl ts osotarnec Trom The stuly Wi

b=

hea! th

menta, praviders at 3AS to nave more canf:

tTreur Jdiagnoses and Tecommendatons Tar Sas i c

Sertnermore, the results substant:ate

as a valid assessment of mai:!nger . ng.

srof ies can be uti!izced meore cften

1
P

mal  ngering. However , he results

z:.agneses of mal nger:ng =rould be made

casic trainees teng

BMT .

-
-

axaggerate

exper :ences in PPS ndivicuals

susc2ptible To nav g 2r32:2ms

zopting with

information will be usefu! when recommenaat:ons are

ndividuals to be RTD or discnarged, since profiles

ava: lable as references that suggest certain trends

scores exi1st for ingividua:is ! igeiy NOT to cope w
tre stress of BMT.

“inally, the stugy 2rov cecg ar ingiract asses
Tne support groups at BAS The resultse =uggest
SuDPESrt groups are neiofu. “or Tne trainees ang a.
-~eguction of stress and probaply ne:p mprove tne
coping 8K .S

5 e future researcs at SAS, VIMP -2 zrof:ies
f3r 2acn o5t the grougps wil ce compareg TS MMRP. -2
the male MMPi-2 prcf. 235 w: a3iso ne caompbareag to
S Trems s T torrmaT In A ze -zefu Tz &Tar
Zas:: tra:nees neea o TferecT narms Tor =2C3r . ng Sor

Furthermore, additicona! subjects’ MMP'-2 scal
N1l De agdced  to th sre-42G ang pre-=°PS  Zraoups
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1

ma.es ana femaies. This w: ! ‘"crease the sampie si1z2e andc

alioaw “or The 008sS 1D 1Ty cf “esu: ts that reacn
significance. ‘¥ these results cc reach sign:t.cance, Then
a iarger study wil! DO=Sib'y e <one TO rep!icata tne

originai: study.

c. .~arger sample S:Zes wcu:Q nave neen more usefu: andg

wou:id have provided more nfarmat.cn. The resgits do
indicate ciear trends, out =:3n:f.cant resyits were not
obtained possibly due to the Sma!i Samp:e 3S.izes Secause we
~zlied n voiunt2ers, w:.l:ag zgarTt.c.oants were <:*ff cuit o
gbta/n o take the second MMP'-2. T aisc may Tave oeen

aelpfu: 5 nave given The osre- 2nd posIi-intervent.cn

ri

MMPi-2's further apart, since test-rztest ~e: . 1abii tigs weéere
possivly a confounding factor cue To Tne short t:me sSetween

tests anc retests.
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