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TABLE C.S5

Inflation Discount Factors

Input Measure FY83 FYg4
Labor Dollars 3.0% 9.0%
Material Dollars 12.8% 9.3%
Other Dollars 6.1% S.3%

The following examples show how the inflation dis-
counting was performed on FY83 and FYB84 inputs to reduce
them to equivalent FYB82 values. Fiscal year 1982 was

established as the base year for this study.

Single Year Discounting (FY83 to FY82)
Labor Dollars (Gtr S5): $143,386
FY83 Inflation factor: 35.0%

Ad justment to FYB2 $143,386/10054 = $136,558

Multiple Year Discounting (FYB4 to FYB3 to FY82)
Material Dollars (Qtr 9?): $102,701
FY84 Inflation factor: 9.3%
FY83 Inflation factor: 12.8%

Ad justment to FY83 $102,701/109.3% = $93942

$93962/112.8% = $83800

Ad justment to FYB82

The procedure described above was carried cut for each
dollar input measure for FYB3 and FYB84, This yielded a
data base for all eleven quarters in terms of equivalent
FY82 dollars. Tables C.6 through C.9 list the discounted

dollar input values for each RCC and the Section.
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TABLE C.6

Inputs Discounted for Inflation
Resource Cost Center: MACPKA

Labor Material Other
FY Qatr Dallars Dollars Dollars
82 1 144,357 70,200 74,262
82 2 140, 620 82,787 73,735
82 3 153,438 73,271 80,194
82 4 - - -
83 S 136,558 77,296 90,858
83 6 144,229 70,912 81,725
83 7 157,039 96,366 91,352
83 8 165,307 78,127 90,437
84 9 141,330 83, 300 108,441
84 10 145, 654 79,819 75,794
84 11 134,215 57,822 84,920
84 12 132,376 78,304 &4, 203

TABLE C.7
Inputs Discounted for Inflation
Resource Cost Center: MACPKB

Labor Material Other
FY atr Dollars Dollars Dollars
82 1 138,414 106,273 72,157
82 2 120,515 100, 134 &1,947
82 3 133,634 97,828 68,594
82 4 - - -
83 S 125,844 &2,206 71,584
83 & 169,849 107,178 97,647
83 7 153,432 134,443 94,961
a3 8 146,830 109,208 79,198
84 9 128,005 82,053 94,126
84 10 125,740 49,514 62,823
84 11 91,379 47,185 61,374
a4 12 108,127 80,084 35, 603
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Inputs Discounted for Inflation

TABLE C.8

Resource Cost Center: MACPKC

Labor Material Other
Qtr Dollars Dollars Dollars
1 193,066 205,018 97,998
2 206,503 272,968 107,159
3 180,978 189,595 95, 5467
a4 - - -
S 133,556 152,775 76,750
& 172,169 194,307 98,870
7 171,305 179,921 103,288
8 189,313 185,056 100,689
9 172,136 164,450 139,368
10 175,119 156,470 96,823
11 185, 642 158, 454 114,770
12 170,552 157,450 74,489
TABLE C.9
Inputs Discounted for Inflation
Section
Labor Material Other
atr Dollars Dollars Dollars
1 457,837 381,493 244,417
2 467,4638 455,889 242,861
3 468,050 360,694 244, 35S
4 - - -
S 395,998 292,277 239,192
& 486,267 372,397 278,242
7 481,776 410,730 289, 601
8 501,450 372,391 270,324
9 441,491 329,803 341,935
10 446,513 285,803 233, 440
11 411,236 263,461 261,064
12 411,055 315,848 194,293
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Data Scaling. After the input values were discounted
far inflation, the input and output values were divided by
the output value for ease of computation on the Burroughs
BTOS system. Tables C.10 through C.13 list the input data

for the DEA/CFA program used in this study.

TABLE C.10

Scaled Input/Output Data
Resource Cost Center: MACPKA

INPUTS ouTPUT
Labor Material Other

FY @tr Dollars Dollars Dollars DPAH DPEN
82 1 17.252 8.389 8.87S 1.020 |
82 2 17.8646 10.518 9.371 1.045 1
82 3 16.876 8.059 8.820 0.956 1
82 4 - - - - -
83 S 13.816 7.820 ?.192 0.871 1
83 & 16.290 8.010 ?.230 0.990 1
83 7 14.556 8.932 8.467 0.847 1
83 8 18.439 8.713 10.088 1.081 1
84 9 15.492 9.131 11.887 0.907 1
84 10 17.408 9.340 9.059 1.011 1
84 11 16.197 &6.978 10.248 0.9264 1
84 12 17.038 10.079 8.264 0.933 1

......
.....
--------
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TABLE C.11

Scaled Input/Output Data
Resource Cost Center: MACPKB

INPUTS OUTPUT
Labor Material Other
FY Qtr Dollars Dollars Dollars DPAH DPEH
82 1 18.880 14.496 9.842 1.104 1
82 2 17.3981 14.608 9.037 1.012 1
82 3 18.796 13.760 9.648 1.039 1
a2 4 - - - - -
83 S5 16.882 8.345 9.603 0.998 i
83 & 16.526 10.427 9.499 1.016 1
{ 83 7 17.370 15.220 10.750 1.040 1
83 8 18.826 14,002 10.155 1.075 1
84 9 17.078 10.947 12.558 0.933 1
84 10 16. 666 &6.9563 8.327 0.913 1
- 84 11 17.029 8.793 11.437 1.004 1
= 84 12 17.353 12.854 8.924 1.0035 1
TABLE C.12
- Scaled Input/Output Data
N Resaurce Cost Center: MACPKC
INPUTS QUTPUT
- Labor Material Other
- FY Gtr Dollars Dollars Dollars DPAH DPEH
o,
- 82 1 18.637 19.790 9.459 1.090 1
¥ 82 2 18.003 23.798 9.342 1.082 1
.82 3 16.822 17.623 8.883 1.188 1
4 - - - - -
a3 S 17.122 19.586 9.839 1.053 1
a3 é 17.352 19.583 9.964 1.062 1
83 7 16.782 17.627 10.119 1.001 1
a3 8 18.140 17.732 9.4648 1.039 1
84 9 16.332 15.601 13.222 0.985 1
84 10 17.235 15. 399 9.529 1.036 1
84 11 17.376 14.831 10.742 1.079 1
84 12 19.3562 18.060 8.3544 1.131 1




TABLE C.13
Scaled Input/Output Data
Section
INPUTS QUTPUT
Labor Material Other

Qtr Dollars Dollars Dollars DPAH DPEH
1 18.260 14,640 9.379 1.071 1

2 17.851 17.403 9.271 1.052 1

3 17.361 13.378 2.063 1.070 1

4 P - - - -

S 15.750 11.626 2.514 0.965 1

- 16.736 12.817 2.574 1.024 i

7 16.1351 13.769 9.708 0.957 1

8 18.435 13.690 9.938 1.063 1

9 16.2356 12.143 12.390 0.9435 1
10 17.126 10.962 9.030 0.992 1
11 16.897 10.826 10.727 1.023 1
12 18.0%4 13.903 8.552 1.034 1

87
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Appendix D: Correlation Analysis Results

TABLE D.1

Input/Output Correlation Results

Test Correlation Coefficient

All Inputs vs DPEH - 951988
8 Labor Dollars  vs DPEH .907631
3 Material Dollars vs DPEH . 684980
i‘ Other Dollars vs DPEH - 820920
. DPAH vs DPEH . 916978
V Labor Dollars vs Material Dollars .824119
ki Labor Dollars vs Other Dollars « 732340
- Labor Dollars  vs DPAM . 968048
- Material Dollars vs Other Dollars . S95757
ii Material Dollars vs DPAH - 78487467

Other Dallars vs DPAH « 7373358




RAOSANIE LN L MDA A AR AN S C A LS A Sl Al Wl gl A A A Ak Aul A el N Al Al A N S R et 20 i S0y 4

Bibliography

1. Anthony, Robert N. and Regina Herzlinger. Managemsent

Control in Nonprofit Organizations. Homewood IL:
Richard B. Irwin, Inc., 1 .

2. Bailey, John L., Chief, Financial Management Section.
Telephone interviews. Sacramento Air Logistics
Center, Sacramento CA, January 1985 through June 1985.

3. Bessent, Authella M. and E. Wailand Pessent.
“Determining the Comparative Efficiency of Schools
through Data Envelopment Analysis," Educational
Administration GQuarterly, 1&6: 57-75 (Spring 1980).

4, Bessent, A. and others. "Evolution of a Productivity
Analysis Support System (PASS) for Increasing the
Managerial Efficiency of Operating Units."” Research
report EPC 014, Educational Productivity Council,
University of Texas at Austin, Austin TX, May 1983.

5. Bessent, A. and others. "An Application of
Mathematical Programming to Assess Productivity in the
Houston Independent School District." Management

., Science, 28: 1355-1367 (December 1982).

X 6. DBessent, A. and others. “Specification of Inputs and

’ Outputs.” Working paper. Educational Productivity
Cauncil, University of Texas at Austin, Austin TX,
June 1982.

4 7. Bessent, A. and others. A Resource Allocation Model

Using Constrained Facet Analysis:Research Report EPC
é 012, Educational Productivity Council, University of

Texas at Austin, Austin TX, October 1983.

8. Bessent, A. and others. Managerial Efficiency
Measurement, Theory and Applications. Unpublished
paper. Educational Productivity Council, University
of Texas at Austin, Austin TX, 1983.

9. DBessant, A. and others. Managerial Efficiency
Measurement Theory and Applications. Unpublished
report, revised. Educational Productivity Council,
University of Texas at Austin, Austin TX, 19683.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

—— RArRArEN T A At aevi s i g L N LA oi-aiira i g N I ol GBI AT et aOd el iy A

Bowlin, Maj William F. A Data Envelogment Analysis
EEeroach to Performance Evaluation in Not—for—Profxt

ities with an Illustrative Application e U.
Air Force. FhU_dLsserEaE1on. niversity ET Texas,
Austin TX, December 1984.

Byers, 1st Lt Timothy A. and Maj Susanne M. Waylett.
Measurement of Air Force Fire Department Productivity:
An Evaluation of Effxcxency/Effectzveness. "~ MS thesis,
LSSR 4-84. School of Systems and Logistics, Air Force
Institute of Technology (AU), Wright-Patterson AFB OH,
September 1984 (AD-A146-874).

Charnes, A. and others. "“Measuring the Efficiency of
Decision Making Units," European Journal of
Operational Research, 2: 429-444 (November 1978).

Charnes, A. and others. A Developmental Study of Data
Envelopment Analysis in Measuring the Efficiency of
Maintenance Units in the U.S. Air Forces:Research
Report CCS 460. Contract F494642-82-C0129. Center for
Cybernetic Studies, University of Texas at Austin,
Austin TX, August 1983 (AD-A141-392).

Clark, Lt Col Charles T. Data Envelopment Analysis
and Extensions for Decision Support and Management
Planning. PhD dissertation. University of Texas at
Austin, Austin TX, May 1983.

Clark, Lt Col Charles T., Head, Departmsent of
Logistics Management. Class (ectures. School of
Systems and Logistics, Air Force Institute of
Techrology (AU), Wright-Patterson AFB OH, 4 January to
8 March 1983,

Clark, Lt Col Charles T. and others. “Constrained
Facet Analysis——A New Method for Evaluating Local
Frontiers of Efficiency and Performance,” Air Force
Journal of Logistics, 8: 2-8 (Summer 1984,

Department of the Air Force. Air Force Policy Letter
far Commanders. AFRP 190-1. San Antonio: HQ
AFSINC/IIA, 15 Janary 1985.

Department of the Air Force. Production
Engineering/Planning. AFLCR 46~4. Wright-Patterson
AFg OH: HQ AFLC, 26 May 1981.

Department of the Air Force. Management of Items

Subject to Repair (MISTR). AFLCR &5-12.
Wright-Patterson AFD OH: HQ@ AFLC, 15 April 1985.

........
»




21.

23.

24,

26.

27.

Department of the Air Force. Maintenance Workload
Planning. AFLCR 66-58. Wright—-Patterson AFB OH: HQ
AFLC, 2 December 1977.

Department aof the Air Force. Material Management of
Customer Related Resources. AFLCR 46-61.
Wright-Patterson AFB OH: HQ AFLC, 27 July 1984.

Department of the Air Force. Depot Maintenance
Service Air Force Industrial Fund (DMS,AFIF) Financial

f'~ocedures. ~AFLCR 170-10. Wrxght-PaEEerson AFB UH:

HQ AFLC, 28 June 1979.

Department of Defense. Productivity Enhancement,
Measurement, and Evaluation - Operating Guidlines and
Rgport1ng Instructions. ~DOD Instruction 5010.34.
Washington: Government Printing Office, 4 August 1975.

Dobitz, Leo, Chief, Flight Instrument and Pnuedralic
Components Division. Personal interview. Sacramento
Air Logistics Center, Sacramenta CA, 25-26 July 19865.

Dwyer, Roger P., Chief, Financial Management and
Analysis Branch. Telephone interviews. Sacramento Air
Logistics Center, Sacramento CA, January through June
19835.

Dwyar, Roger P., Chief, Financial Management and
Analysis Branch. Personal interviews. Sacramento Air
Logistics Center, Sacramento CA, 25-26 July 1985.

Farrell, M.J. “The Measurement of Praductive
Efficiency,” Journal of the Royal Statistical
Society, 3: 253-290 (19575.

Gonnermann, Capt Valerie J. Performance Evaluation of
A-10 Aircraft Maintenance Units and Aircraft usin
Constrained Facet Analysis. MS thesis, LSSR 2"6'—'69'.
8chool of System and Laogistics, Air Force Institute of
Technology (AU), Wright-ppatterson AFB OH, September
1984 (AD-A144-933).

Hensley, Lloyd, Chief, Flight Indicator Section.
Personal interview. Sacramento Air Logistics Center,
Sacramento CA, 25-26 July 19835,

e

TN




30.

31.

32.

3S.

37.

38'

Hitt, Capt Richard E. Jr. and Ma; Robert F. Horace.
Feasibility of Measuring Technical Productivity

Improvements in Air Force Logistics “Command
Depot—Level Maintenance using the Data Envel opment
Analysis (DER) and the Constrained Facet Analysis
{CFA) Models. MS thesis, LSSR 30-84. GSchool of
§ystems and Logistics, Air Force Institute of
Technolaogy (AU), Wright—-Patterson AFB OH, September
1984 (AD-A147-329).

Lewin, Arie Y. and Richard C. Morey. "“Measuring the
Relative Efficiency and Output Potential of Public
Sector Organizations: An Application of Data
Envelopment Analysis,” International Journal of
Policy Analysis and Information Systems, 5: 267-285
(1981).

Lewin, Arie Y. and others. “Evaluating the
Administrative Efficiency of Courts," Omega, 10:
401-411 (1982).

Mali, Paul. Improving Total Productivity. New York:
John Wiley & Sons, 19/8.

Mininger, Jim, Assistant Supervisor, Mach Indicator
Repair Resource Cast Center. Personal interview.
Sacramento Air Logistics Center, Sacramenta CA, 25-26
July 198S.

Pruett, Barbara. Chief, Productivity and Evaluation
Division, Directorate of Fiscal Management and
Productivity, Deputy Chief of Staff for Maintenance.
Telephone interview. HQ AFLC/MAJE, Wright-Patterson
AFB OH, 11 February 198S5.

Reymann, Robert. Chief, Equipment Technology and
Productivity Section, Directorate of Maintenance.
Telephone interviews. Sacramento Air Logistics
Center, Sacramento CA, November 1984 through January
198S.

Sherman, H. David. Measurement of Hospital Efficiency
Using Data Envelopment Analysis. "DBA dissertation.
Graduate School of Business, Harvard University,
Cambridge MA, 1981.

Tuttle, Thomas C. Measuring and Enhancing
Organizational Productivity: An annotated

Bibliography:Interim Regort, April 1980--June 1980.
Contract F33613-79-C-0019. Maryland Center for
Productivity and Quality of Working Life, University
of Maryland, College Park MD, July 1981.




e T e Te T T Wy WOTOWL

39.

r, p r‘r‘v—._rv .

1'rrffﬂj4ﬁf~7'llr7'?z‘ —

STETLAT T <y

Tuttle, Thomas C. Productivity Measurement Methods:
Classification, Critique, and Implications for the Air
Force:Interim Report, May 1979——0October 1980.

Contract F33615-79-C~-0019. Maryland Center for
Praoductivity and Quality of Working Life, University
of Maryland, College Park MD, September 1981.

93

™ e e e




VITA

Captain Charles S. Glaubach was born on 23 March 1951

in Santa Monica, California. He graduated from high school

and attended Santa Monica College, the University of .
California at Los Angeles and graduated from the University
of Texas at Austin, with a Bachelor of Science degree in
Mechanical Engineering in August 1975. Upon graduation he
received a commission in the USAF through the ROTC program.
He was employed as a mechanical engineer for Phillips
Chemical Company, Pasadena, Texas, until called to active
duty in November 1976. His first assignment was as a Civil
Engineering Staff Officer with H@ 10th AF(R). He attended
navigator training and received his wings in November 1977.
He completed advanced training in Electronic Warfare in
April 1978 and served as an Electronic Warfare QOfficer and
Instructor, Electronic Warfare Officer with the 2nd Bomb
Squadron, March AFB, California, until 1981. He then
served as an Emergency Actions Officer Controller with the
22nd Bomb Wing, March AFB, California, until October 1982,
He was then assigned to the 43 Strategic Wing, Andersen
AFB, Guam, as an Emergency Actions Officer Controller until .
entering the Schaol of Systems and Lagistics, Air Force
Institute of Technology, in June 1984.

Permanent Address: 17446 Ashland Avenue

Santa Monica, California 90405




' N TR TR R TR e T aeTre Y w -~ PO fens e sne e )

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

> L S TR e— vy

e L e
REPORT DOCUMENTATION PAGE

A A NG A S A v Aie bia b Anedee BIg @)

1a. REPOAT SECURITY CLASSIFICATION

UNCLASSIFIED

1b. RESTRICTIVE MARKINGS

2s. SECURITY CLASSIFICATION AUTHORITY

2. OECLASSIFICATION/DOWNGRADING SCHEDULE

3. DISTRIBUTION/AVAILABILITY OF REPORT

Approved for public release;
distribution unlimited

4. PERFORMING OQRGANIZATION REPORT NUMBER(S)

AFIT/GLM/LSM/855-28

5. MONITORING ORGANIZATION REPORT NUMBERI(S)

School of Systems and (If applicable)
Logistics AFIT/LSM

“a. NAME OF PERFORMING ORGANIZATION rb. OFFICE SYMBOL

7a. NAME OF MONITORING ORGANIZATION

6c. ADDRESS (City, State and ZIP Code)

Air Force Institute of Technology
Wright-Patterson AFB, Ohio 45433

76. ADORESS (City, State and Z[P Code}

8a. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL
ORGANIZATION (If applicable)

9. PROCUREMENT INSTRUMENT IOENTIFICATION NUMBER

8¢c. ADDRESS (City, State and ZIP Cade)

10. SOURCE OF FUNDING NOS.

1. TITLE (Inciude Security Classification)

See Box 19

PROGRAM PROJECT
ELEMENT NO. NO.

TASK WORK UNIT
NO. NO.

12. PEASONAL AUTHORIS)

Charles S, Glaubach, B,S,, Captain. USAF

13a TYPE QF REPORT 13b. TIME COVERED 14. DATE QF REPQRT (Yr.. Mo., Day/ 15. PAGE COUNT
MS Thesis FROM TO 1985 September 105

16. SUPPLEMENTARY NOTATION

17. COSATI CODES |8.\SUBJECT TERMS (Continue on reverse if necessary and identify by dlock number)
FIELD GROUP sue. GR. Productivity, Production Models, Efficiency,

[ 13 8 Effectiveness, Llnear Programmlng, Data
15 S Envelopment Analvy

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

Title; ANALYSIS OF THE DATA ENVELOPMENT ANALYSIS (DEA) AND CONSTRAINED
FACET ANALYSIS (CFA) MODELS FOR MEASURING TECHNICAL PRODUCTIVITY
IN AIR FORCE LOGISTICS COMMAND DEPOT-LEVEL MAINTENANCE

Thesis Chairman: Dennis E. Campbell, GM-13

Assistant Professor of Maintenance Management

Mmm mwanxny
eg; WOLAVER uSgtry

Dean for

R h cnd Professional Development
Air Force lustitute of Technslogy (MG
Wright-Patterson AFR OH 45433

20. SISTRIBUTION/AVAILABILITY OF ABSTRACT

uNCLasSiFiED/UNLIMITED XU same As arT. O pTic users O]

21. ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIED

22s. NAME OF RESPONSIBLE INDIVIDUAL

Dennis E. Campbell, GM-13

220 TELEPHCNE NUMBER
tinclude Area Code)

22¢c. OFFICE SYMBOL

513-255-4149 AFIT/LSM
D00 FORM 1473, 83 APR EDITION OF 1 JAN 73 1S OBSOLETE. IUNCIASSIFIED

SECURITY CLASS/FICATION OF THIS PAGE




LI A sadh s S A i At e di- S S Shadie- i i e i i S e

: UNCLASSIFIED

SECUAITY CLASSIFICATION OF THIS PAGE

T

" This research developed from a recommendation by
an earlier research effort, sponsored by HQ AFLC, to
expand the application of Data Envelopment Analysis (DFA)
and Constrained Facet Analysis (CFA) to measure technical
productivity in a depot level maintenance environment,
Two levels of productivity within an Air Logistics Center,
the Resource Cost Center (RCC) and the Section, which is d
composed of several RCCs, were analyzed to support man-
agement decisions for improving the efficiency of pro-
duction. Each organization was analyzed over a time rer
period of twelve quarters. This research proved the DEA/
CFA model is an effective tool for total productivity l
measurement and demonstrated the need for careful selec-
tion of input/output measures. The use of the DEA/CFA
model and results of this research were accepted by man-
agement as a useful method for analyzing, the productive
efficiency of an organization and determining the impact
of sub-units (RCCs) on the overall productive efficiency
on the next level up (Section) in the organization.

M !
SUNCLASSIFTIED
SECURITY CLASSIFICATION OF Twig PAGE

................................... -

et - - Y U R SN IR e
L R R T, T UL B Rt T S SRR T Tt S SIS >t > “T et e e at

..... e T e T e ey R T L U I L P R L) SRR o WA A ..f.‘. > )‘ A AR
& .

-




DR A AN

. « e’ . - . ML .
® A A Bt A ﬁ.sﬁ;.’l;.‘...:!a,a'-r\.-

-

P
-

et e re .
.

-
A,
e

o

e

4




