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When U.S. Government drawings, specifications , or other data are used
for any purpose other than a definitely related Government
p r o c u r e m e n t  op e r a t ion .  the  Government thereby incurs no
responsibility nor any obligation whatsoever , and the fact that the
Govermnent may have formulated , furnished , or in any way supplied
the said drawings, specifications , or other data is not to be regarded by
implication or otherwise , as in any manner licensing the holder or any
other person or corporation , or conveying any rights or perm ission to
manufacture , use, or sell any patented invention that may in any way
be related thereto.

This executive summary was submitted by Advanced Systems Division .
Air Force Human Resources Laboratory , Wri ght .Patterson Air Force
Base. Ohio 45433 . in partial response to 23 June 1977 Secreta ry of
Defense Memorandum , under proj eci 1710. with HQ Air Force Human
Resources Laboratory (AFSC). Brook s Air Force Base , Texas 78235.

This report has been reviewed and cleared for open publicati on and/or
public release by the appropriate Off Ice of Information (Of) in
accordance with AFR 190-17 and DoDD 5230.9 . There is no objection
to unlimited distribution of this report to the public at large . or by
DEW to the Nation al Technical Informa tion Service (NTIS).
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IS SU P PL E M E N T A R Y  NOTES 
-

This executive summary, together with its companion pape r (AFHRL-TR-78.25 ; in press) have been prep~ ed
in partial respo n se to the 23 June 1977 Office of the Secretary of Defense Memorandum , subject : “Manag~t Ient
Review of Maintenance Training and Performance Ai ds.” The memorandum was prepared as a result of a formal
management review meeting held on I through 3 February 1977. Two major conclusions of that meeting are

IS. K E Y  WORDS (Cont inue on rarer,, ,,dr If neca,,a,y and ide~~ri fy by blcck ,,un,berl 
—

li fe cycle costs head/book trade off job performance aids (JPA) costs of ownershi p of hardwar e
• job and task analyses aptitude tests technical data presentation technical training objectives

technical trainin g personne l selection criterion referenced tests vocational education objectives
maintenance train ing human subsystems maintenance effectiveness symbolic subst itute job tests
job oriented training human factors measures job task performance tests human factors in life cycle costs

20. A BSTRACT (C’ onhinoe rn rev.,., ,ld. If n.ceo.. ry end Identily by blo cS non,I,e,)

~~This pape r is an executive summary of a more extensive white pape r concerning the impact of improved
maintenance guidance and information (IMG&l), as well as task oriented training (TOT) technologies I’I?I DOt)
maintenan ce , personnel and training systems. The IMG&l considered include fully proceduralized job performance
aid (FPJPA) technology for both non-troubleshoot ing (non-IS) and troublesh ooting (IS) tasks : the Army “New
Look° for non-IS tasks; and for IS task s only: traditional and enriched FORECAST aids, traditional and enriched
logic tree troublesh ooting aids (LIlA), and traditional and Air Force symbolic integrated maintenance system
(SIMS), as well as a newer form of SIMS called functionally oriented maintenance manuals (FOMM).

However, the techn ologies or concepts , whose effectiveness are supported by comparative hard data , i n clude
only : FPJPA , FORECAST aids. en riched LTrA and AF SIMS. Th~te hard dAta indfr .gte thAt n ualitv ““
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hem 18 (Continued )
addre ssed in the memo , name ly, ( 1) the ne& to implement an existing technology base in job performance aid
man uals , and (21 t he need for more effort on integrated technical data , training , and personnel support systems that
are based on analysis of the job task requirements. The first requirement was assigned to the Navy and fulfilled by
NPRDC TR 77.3 3, “Sy mposium Proceedings : Invitationa l Conference on Status of Job Performance Ai ds
Technology ,” May 1977.

This summary, and its companion white paper , addresses the second requirement which specifically addresses
the requIreme nt for the preparation of such a paper “on the applicability of job aids and the impact on the
perso nnel and training systems.” Incl ude d in thi s requirement is a discussion of “the applicab ility of job aids,
training or both to enhance ,nllirars ’ ,obs p rvJ ieienct’,” as well as the identifica tion of service and DOD policies that
restrict payoffs in this area . (Indus t rial  approaches to task analysis , job aids , traini ng and personnel utilii.ation arc
also discussed. )

The author was designated as chairman of a committee which included Dr. Robert Blanchard of the Navy
Personnel Research and Development Center. San Diego . CA : Mr. John K. Klesch of the Arm y Training
Development Institute, Ft Eustis VA : and Mr. Har ry Maragides of Headqua rters , Marine Corps , Wash ington , DC,
After the first draft of the required paper was prepared a committee meeting was held at Headquarters . Air Force
Human Resources Laboratory (AFHRL) . Brooks AFB TX . on 13 Decembe r 1977. (Although Mr. Klesch was unable
to att end, the ot her committee members, as well as LTC Roger Grossel of Department of Defense —- OASD
(MRA &L)WR and Mr . Robert Johnson of the Advanced Systems Division (AFURL ) . Wri ght- Patt erson AFB 011.
were present.) The comments of this meeting resulted in sonic reorganization of the first draft , as well as the
require ment for this summary.

This summary represents a portion of the exploratory development program of the Advanced Systems
Division . Air Force Human Resources Laboratory, Wright-Patterson Air Force Base, Ohio . The preparation of this
report was docu mented under task 171004 , Job Performance Aids for Air Force Maintenance Technicians . The task
is part of project 17 10 . Trainin g for Advanced Air Force Syste ms. The effort represented by this paper was
ide ntified as work unit. 17100427. Mr. Robert Johnson was task scientist. Dr. Ross L. Morgan was project scientist.
Item 19 (Continued)

• fully proceduraliaed maintenance technical data behavioral analyses of tasks (BAT)
• resear ch and develop ment proposals personnel systems for maintenance

fully pToccdurahzed job performance aids (FPJPA) fully procedurali zed troubleshooting aids (FPTA)
tr aining/job performance aid t rade~off curriculum development (technical training)
measurement and evaluation maintenance training measurement and evaluation technica l training
measureme nt and evaluation vocational education meaSitrellleflt and evaluation electronics training
symbolic integrated maintenance system (SIMS) improved maintenance guidance information (IMG&l)
FORECAST symbolic integrated maintenance manual s (SIMMS)
job guide manuals (JGM) Army “New Look”
job per formance manuals (3PM)
lIens 20 (Continued)

~~ implementations of any of these tech nologies (or concepts) will result in more efficient perfornsance of maintenance
tasks than the use of traditional maintenance manuals (1MM). (In this regard. there are no hard data which indicate
that FOMMs are more effective than AF SIMS.) But , by far the most dramatic reductions of life cycl e costs ( LCC) of
h ardware ownership can be real ized by the quality integrate d applicatio n of three of these types of IMG&t with
TOT’ i.e., FPJ P A. FORECAST TS Aids and enriched LITA. Of these, FPJPA have the most potential.

This executive summary also indicates a number of human , hardware and software problems , and policies
which are impeding, or will , impede the implementation of these money saving techno logies. Although dramat i c
LCC reductions can be effected by the quality implementation of IMG& l and TOT technolog ies, such
imp lemen tations require greater dollar investments in maintena n ce guidance documents and in training than the
i mplemen t ing  establishmen ts are accustomed to spend. But additional money is not enough — quality
implementations require “know how .” A mechanism must be developed which makes efficient and effective use of
the “know how ” of the developers of the technologies, and makes them responsible and accountable for their early
implemen tations. In this regard , most past implementations hav e “watered dow n” such technologies .

Of special interest to executives and manage rs are two tables which consolidate the important attributes of
various IMG&l types and TMM : a figure which summarizes the results of man y DOD TOT studies: and a flow
diagram which portrays a model for maximizing benefits of FPJPA. SIMS . and TOT technologies.
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EXECUT IV E SUMMARY CONCERNING THE IMPAC T OF
ADVANCED MAINTENANCE DATA AND TASK ORIENTED

TRAINING TECHNOLOGIES ON MAINTENANCE , PERSONNEL.
AND TRAINING SYSTEMS

I. INTRODIJC’I’K) N tue nt at ion of several available concepts and/or
technologies . One purpose is to brie fl y describe

A large part of the Army ’s and Marine ’s, and these concepts and technologies which include job
almost all of the Navy ’s and Air Force’s, primary task performance tests (JTPT), task oriented
missions are concerned with the developnsent . training (TOT), and several types of m aintenance
operation and maintenance of complex hardware directions and/or infomsat ion (such as fully pro-
systems. The life cy cle costs (ICC) of such ceduralized job performance aids ( FPJPA ). logic
hardware systems are extremely h igh and continue t r e e  t roubleshooting aids (L11’A), symbolic
to r ise. Im portant factors contributing to ICC are integrated maintenance system (SIMS), and func-
high maintenance personnel costs, high cost of tiona lly oriented maintenance manuals (FOMM) .) .
spare parts , as well as the unnecessary usage of A second purpose is to outline the potential of
such costly spare parts. each concept , or technolo gy , for reducing each

cost factor. A third purpose is to present a generalA large portion of high maintenance personnel implementation model or plan , which integratescosts is contributed by the cost a~ ociated with c on spa t  ib le  technologies for maximum costfirst enlistment personnel. But because of con. -savings. A final purpose is to identify currentsistently low reenlistment rates of DOD mainte-
nance  pe r sonne l , a large portion of DOD practices , policies , and problems which impede or

prevent the implementation of such concepts andmaintenance tasks must be performed by relatively technologies.inexperienced fI rst enlistment personnel. The costs
for supporting all first enlist m ent personnel are
currently estinsated at $1 5,000 per person per year l~. )MPROV1NG THE PFRS ONN FL/or $60,000 for a four-year enlistment. But . HARDWARE INT ERFACE
g e n e r a l l y  the effective period of on-thc~ob
p e r f o r m a n c e  of maintenance tasks for such The prope r application and use of sereral tc~ ’i-
personnel is relatively short (as low as one year in nologies and/or concepts of improved m a i n t e r i  micesortie cases). making the actual man/year labor guidance and information (IMG&E) could inl l 1m~t~~-
costs of useful work from first enl isttnent the performance of maintenance tasks. In addpersonnel extremely h igh (as high as $60,000 for lio n , the concurrent and integrated application t~ !one year of useful work) . a frw of these maintenance guidance and inforn t a-

At least two important factors contribute to lion technologies (together with the task oriented
this generally short . omi -t he ~oh performance time training tec h nology) would ~ eatly reduce th e
of first enlistment maintenance personnel. The en t  ry t r a i n i n g  t i m e  for  f i r s t  en i  i s t mnen t
entry training progt anss , both formal and on the maintenance personnel.
job . for many maintenance personnel codes are or
have been long. (But in spite of such lengthy Improved Maintenance Gui dance and Information
training programs. there is substantial evidence Technologies and/or Concepts
that  maintenance tasks general ly are not per. Table I identifies the name and source of ’ eachformed with high eIflcienc~ . either by fIrst enlist- of these technologies and/or concepts togetherment personnel or by pe rsonnel with longe r on the with a brief description of each. Most of thesej ob experience.) A second tactor is the current technologies are ai m ed at improving the per-“early out ” policies of the services. If the escala’ 

~~rnsance of troubleshooting tasks. Only two aretion of DOD maintenance costs is to he contro lled, aimed at iniprnving the perfon isance of non-ways must be found to increase the on ’thc-joh troubleshooting (non’TS) tasks such as checkoututil ization of fi rst enlistment personne l , as well as tasks: align , adjust, and calibrate tasks : and install .to inc rease  the  eff icienc~ with which all remove , and replace tasks. Table 2 indicates thesemaintenance tasks are performed , and other tributes for the technologies amid/ or
This paper is concerned wi th  at t a inin g these concept listed in Table I .

objective s by the pro pe r selection and intple-
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Table 2 also indicates that some of these con- able , meet both these crite ria; i.e., FPJPA, t radi-
cepts are effective with highly trained and/or tional FORECAST and , by projection , enriched
experienced personnel, while others will support FORECAST. The hard data indicate the following
the performance of personnel with limited expemi- effectiveness relationships.
ence and/or train ing. The effectiveness of a few are For non-IS tasks:
supported by hard data , while others are not.
Where comparative hard data have been gathered ( I )  FPJPA )“ 1MM
for a concept , they h ave indicated that the use of For IS tasks:
the concept (or technology) by highly trained and ( I )  FPJPA )~‘ 1MM
experienced personnel would result in more
efficient performance of the categories of mainte- (2) Traditional FORECAST )  1MM
nance covered (non-IS or troublesh ooting (IS) (Although there are hard data concerning L1’TA,
tasks or both) than the use of traditional mainte- the subjects used had no experience, but had
nance man uals (TMM). The key word in this state- received long initial form al training.)
ment is “use.” An improved IMG&l concept or
technology must be used durin g the performance Currently, there are no hard data which m di-
of tasks to be effective. cate the relative effectiveness between FPJPA and

FORECAST aids for reducing ent ry training re-
Comparative Effective ness of Various IMG&I for quirements . However , an analyses of each tech-
Highly Trained and/or Experienced Personnel nology or concept based on consideration of the

developmen tal requirements including task identi-
The comparative hard data produced by the fication and analyses products (Tl&A), content

various studies, referenced in Table 2 , indicate the and fonnat indicates that the FPJPA technology
following effectiveness relationships for IMG&I require s the user to store and recall less guidance
when used by highly t rained and/or experienced and information for task performance than thc
personnel, other technologies or concepts—thus reducing the

task training requirements for entry, as well as
For non-IS tasks: experienced personnel. Expressed in other terms,

the FPJPA technology relegates more m~ ntenance
(1) FP.JPA ~~‘ TMM guidance and information to the “book ” and less

For IS tasks: to the “head” than do other technologies or
concepts. Compared on the basis of like analyses,

(I) FPJPA > Enriched LTTA ~~‘ TM the comparative potential of the applicable tech-
(2) Traditional FORECAST ~ ‘ 1MM nologies for reducing entry training time and for

increasin g the maintenance efficiency of first
(3) AF SIMS ~ TMM enlistment personnel is indicated as follows:

Note: > More effective than. For non-IS tasks:
)~ Much more effective than. FPJPA ~~‘ New Look

The use of any of the indicated improved tech- For IS tasks :
nologies in lieu of TMM would improve the FPJPA ~~‘ Enriched FORECASTefficie n cy o f maintenan ce personnel. This Enriched LTTAimproved efficiency would be reflected in reduced
spare parts usage, shortened cross training on un- Note: of equivalent effectiveness.
familiar hardware and , perhaps, increased numbers (Enriched rather than traditional FORECAST aids
of maintenan ce tasks perfo rmed. are ind uded in these  s t a t emen t s .  E n r i c h e d

FORECAST aids relegate more to the “book”
IMG& I and Potential for Reducing than the traditional variety.)
Maintenance Personnel Costs Based on the results of these analyses, Table 3

However, if LCC are to be greatly reduced , indicates combinations of technologies which
those technologies that maximize the utilization would be effective for reduction of initial training
time and efficiency of f irst enlistment personnel time for first enlistment personnel. These are listed
must be fully exploited. This objective requires 11w in the orde r of their potential for reducing initial

training time as well as for increasing maintenance
• applicat ion of those technologies which are not efficiency. --

only effective for  improving maintenance effi-
ciency, but also have potential for reducing entry The indicated relative effectiveness for these

combinations can be expressed as a formula; i.e. :training requirements. Table 2 indicates that only
three technologies, for which hard data are avail- I )“ 2 ~ 3
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Table 3. Indicating Three Combinations of IMG& l
Technologies as to Their Effectiveness for

Reducing Initial Training Time

Or di, of
Comb inat io n Non’TS Tasks VS Tas ks Effact iv un es s

FPJPA FPJPA 
-

~~

FPJPA Fnri ched FORECAST 2.5
3 FPJPA Enriched LTTA 2.5

Enr iched LTTA are defIned as TS aids of the TOT technologies , and the report by Shriver , Fink .
same degree of enrichment as were produced for and Trexler (1964) concerns the integrated appli-
the (‘-141 aircraft , which were used for organiza- cation of FORECAST and TOT technologies. Both
ti onal level IS in the i~ r Force h uman Resources integrations have proven effective : however , the
Laborato ry (AF I I RL)  study reported by Potter FPJPA/TOT integration will usually result in
and  Thomas  (1976),  and Potter, Hubbert , shorter training. Since the thrust of this pa per is
Landohfi. Rice. and Kearns ( l976a. l976b). At the for maximization of on-the-job time for first en-
request of Air Force Logistics Command (AF LC). listment maintenance pe rsonnel , the discussions
AFIIRL is now developing a draft specification that follow will consider the potential impact of
which should insure the development of LTTA of FPJ PA/T OT integrations (Combination I shown in
consistently high quality from hardware to hard- Table 3) on DOT) personnel and training systems.
ware. Such consistency will make the indicated But most of what is said would , also , apply to an
trai ning trade off for a cluster of hardware pos- in tegr ation of FPJ PA- FORECAST Combination 2
sible. The cur ient specifications for developing (Table 3) and TOT. However , the TOT would be
Army LTT A do not ensure such consistency. appreciatively longe r because less of the guidance

As to wh y “New Look” aids for non- IS tasks and  i n f o r m a t i o n  in FORECAST had been
are not included in Table 3, the current specifica- relegated to the book.
tions for developi ng these aids have a similar Considering the transitory nature of mai n te-
weakness. In additio n , there are no hard data avail- nance personnel , as well as their training , logic
able that attest to their effectiveness for sup- woul d di ctate that maximum utili z ation be made
porting the performance of such maintenance of the “book” when determinin g the head/book
tasks. trade off. What is put in the “book remains in the

book , the quality and quanti ty of its contents do
Integrated Impkmentation of not deteriorate with time , all copies of the book
FPJPA and TOT Technologies are identical, and the content of the book will

never deteriorate from lack of use . On the otherFigure I provides a summary of results of key hand,  what is relegated to the “head ,” or training.rese arch efforts concernin g effectiveness of TOT may never be fully and accurately assimilated bytechnology . Six of the 11 TOT efforts indicated man y individual maintainers and the am ount ofwere support by the Army: three , by the Air assimilation wil l vary fro m individual to individual .Force, and two by the Navy . Most of these I I  Once an individual has attained the desired taskefforts concern training for maintenance jobs proficiency, such proficiency will deterioratesupported by 1MM . Since 1MM provide much less rather rapidly with lack of use. In addition , the
guidance and in most cases less in formation than individual ’s stay in DOT) in most cases is relatively
any of the combinations shown in Table 3. the short , so whateve r proficiency he has, is soon lost
maintainer must compensate for the 1MM defi- and the training cycle must be repeated for his
ciencies. This, of course, requires a relatively repl acement , ad infini tum.
longer and , therefore , more costly TOT program 

The current state-of-the-art for IMG&l/TOTthan when more effect ,ve maintenance guidance
reflected by the previously referenced report s byand information carry m ost of the guidance load. 
Theisen et al. ( 1978): Mullen and Joyce (1974) :

This “head”/ book trade off problem has been and Shriv er et al. (1964) attest to the feasibility of
addressed by a few researchers. The Navy report such trade offs. In addition , the AFHRL draft
by Theisen . Elliott,  and Fishhurne (1978) and the FPJ PA specification and handbooks provide some
Air Force report by Mullen and Joyce (1974) guidance for FPJPA/TOT trade off. Substantialconcern integrated applications of FPJPA and DOD maintenance gains can be realized by 

theS



The purpose of this tlgu r e is to identify the types of contro ll ed studies support ing IMG& l
ami d/ni TOT . to give the general flavor of their results and to direct the interested reader to available
sum m aries and lists of references on job oriented training , technical data , and performance
m easurement -

The armed services have conducted at least I I  controlled studies concerning th e effectiveness of
job oriented training programs for maintenance. The experimental job oriented training programs
developed for these studies have been aimed at several typ es of job situatio n s. Sonic have been
structured to train new mili tary enlisted personnel to perfo rm maintenance jobs involving a number
of hardware systems. Other programs were aimed at existing single system jobs. For both these types
or programs , the exi sting job situations were accepted without  ch ange. For at least two studies , the
job sit uat ions were simplified for the experimental subjects by modified information or directions for
performing job tasks and the TOT program for each was developed with the objective of training the
subjects to perfo rm the tasks of the simplified job.

The effectiveness of each of these I I  experimental job oriented training programs was
compared under controlled conditions with the existing theory centered training programs used to
train similar personnel. A summary of most of these studies together with a list of reports was made
by Foley (1967). Further in fonnation concerning the more recent studies can be obtained from
Elliott (1967). Elliott & Joyce (1968), Chalupsky & Kopf (1967), Pieper et ~1. ( 1970), Pickering &
Anderson (1966), St emne mn ann & Hooprich (1967). Steinemann et al. (1967), Van Ma t re &
Stej nemann (1966), Mullen & Joyce (1974) . Shriver et al (1964 ) and Theisen et al. (1978).

The last two documents report hard data which attest to the feasibility of and training gains
fro m IMG&l/TOT trade offs . The report by Shriver et al. . pertains to FORECAST TS aids/TOT trade
offs applied to a small cluster of electronic hardwa re , whereas the report by Theisen et a l ,  pertains to
a FPJPA/TOT trade off for one hardware. The Mullen & Joyce report describes the demonstration of
another FPJPA/TOT trade off , but contains no comparative hard data.

An indepth review of all these studies indicates that :  (a) job oriented training subjects could
perform the tasks of their jobs with much less on-the-job-training (OJT) than the control subjects , (b)
medium and some low aptitude subjects were more successful in job oriented training programs than
in tradit ional training programs, (c) job oriented training courses were shorter than conventional
courses , and (d) when the jobs were modified with im pro ved job instructions and information, the
TOT was much shorter.

An indirect source of insight as to the questionable effectiveness of theory-based maintenance
training programs is found in research on performance measurement. The student measurement
programs in all theo ry-based training programs are heavily weighted with paper-and-p encil tests of
theory and job knowledge . A studen t usually learns well those things on which he is tested . Foley ’s
summ ary (1974) of the avail able performance measurement resea rch literature indicates that the
relat ionship between the test subjects’ ability to actually perform the tasks of maintenance jobs and
their scores obtained on theory or job knowledge tests is very low. Likewise, the correlation is low
betw een school marks and measure s of job performance. A strong inference can be drawn from these.
The only way most personnel lea rn to perform job tasks is by practicing those job tasks properly.
Learning job tasks by practice is what TOT is all about.

Figure 1. Research efforts supporting IMG& l/TOT trade off.
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implementat ion of the current state-of-the-art.  4, columnn 5, item 3. for first enlistment per-
(However the groun d rules for such trade offs sonnel) . It should be emphasized that ,  based on
could pro bably be greatly refined by fu rther R&D. available info rmat ion , this level of accuracy grca ll)
The accomplishment of th is imup ort ant area of exceeds the present performance of muo st 1)01)
R & )  has been delayed for several years by the maintainers . lisis superior IS perform ance alone
failure of appropriate DOE) training establishments would reduce spare parts usage and secomidar~
to supp ort it. Hopefully, one outcomne of the damage of hardware by reducing the current great
current R&l) program u of the Navy Personnel re l iance on excess re m oval and rep lacement
Research and 1~~velopment Center (NPRDC ) will actions t~ r fault correction .
be a refinement of IMG&l/TOT trade off ground
rules.) But even though a quali ty integrated imple-

ili emitation of FPJPA and TOT technologies would
Use ~J Test t.qu:p menr. An often neglected key greatly improve the current efficiency of mn a int e-

factor, concerning head/book trade off and the nan ce , appropriate steps should be taken to insure
performance of main tenance tasks, is the require- the efficient solution of the 5 to 10 percent of
ment for high protl ciency in use of test equip- fa ’m lts that might elude isolation by FI~JPA . The
ment. To date , most IMG& l dev elopn iemmt s hav e lower portion of Table 4 concerns the develop-
assigned the use of all test equip m ent functions to mn ent of ~i cadre of backup personnel with the
the “head” ~ath er than the hook. Under such ability to efficiently isolate such elusive faults , as
conditions , the TOT must contain suffic i ent well as to perfo rm other functions which wil l be
practice of test equipment functions to ensure discussed later.
“over learning. ” But , this is not enough , there
must be periodic perk~rmance tests in the field to
ensure that maintenan ce pers ominel sustain this UI. VERSATILE MODEL FOR MAXtM IZ IN(
necessary high protlciency. The model JTPT LIENEFITS OF FPJPA AND TOTTECHNOLOGIES
battery repo rted by Shmiver and Foley (1974a)
provides a sub-battery of JTPT for test equipment. Figure 2 appears as the foldout at the end of
Model  task oriented progra momned instruction this paper. The tiow chart displayed in this il lustra-
packages (i.e.. task oriented training)  are available lion represents a modification of a chart developed
which provide “hands on ” practice in the use of by Dr. Robert Blanchard as part of his planning
general electronic test equipment (see Scott & for the curr ent research progra m of the NPRDC.
Joy ce. l975a through 19751). Sine&- such general San Diego . California (Blanchard . 1978). The
test equipm ent arc used across ‘Hans ’ hardware illustration also contains infonn ation displayed in
clusters , a nums : ols t eff ective act ion f or imnpro m ’mg Table 4 . Most of the info rmation tound in that
the qu~ iti’ of nwintcnana ’ even with ThI , iI its~uki table is inserted at the appropriate places imi the
he a !) OD-wkle ~inig~~,mz f o r  j f l z J ) mvj f lg  test equip- flow char t .  Much of the chart has been designed to
nmcnt p r~ ~JIc ienci ’. Sue/i a program would require be self-explanatory, but sonic of its key blocks
only mmaid:f ieat iop zs and ( ‘xpanssons of t / i c  available require discussion. To facilitate the use of the
model it) T packa ges and JTPT battery, c h a r t  i mi t he discussions that  follow . each

functional block on t I me chart has been numbered.Maximum Job Utilization of First
EnI~ tment Personnel The chart ( Figure 2) is divided into two parts

by a heavy dashed line betwee n Blocks 11 amid 12.Attention is directed to the portion of Table ~ ‘The portion of the chart to the left of this dashedconcerning entry im ito the first enlistment. This line is designatm ’d as “Firs t Term” functions. Asportion of the table summarizes both the training used in this chart . “First Term ” is applied to per-gains and maintenan ce gains which can be cx- sonnel who are in their first enlistment,  and whopected from a quality implementation of the have not extended their enlistments to take advan-FPJPA and TOT technologies. The gains would .
without a doubt, result in tremendous reductions tage of the broadbased training represented h~

Block 12. The port iomi of the :hart to the right ofin LCC of hardware ownership. this dashed line contains “Secomid Term ” func-
Requirement for High Quality tions. “Second Term ” is applied to tlrst enlistment
Backup Support personnel who have extended their enlist m ent to

take the hroadbased training.
It is estimated, based on hard data, that entry In Pli ant ’ rrs~;ecrs this is an extremely mx’rsatilefirs t enlistment personnel having received high p u / i  l-~r example. ii can he applied to one hard-quality TOT can accurately isolate 90 to 95 per- ware st ’ste?ii or a cluster of  han/war e. However , tocent of hardware troubles using FPJPA (see Table ohtaj i~ the maintenance and training gains m di-
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cated , there are live ~xtr enmeI y Il i m it  r eq ui ie m llen ts a career , account im i g in pai l for low reenlist m ent

- Qua!ilr ’ J ”/t IJ ’.-l must he derc ’lt tped f ~;r all f l i t ’ mates as well as “early outs. ” Ilow evem. bot h TOT
h ar t/ware in f l i t ’ cluster uudt ’r t -in,sidc ’ration. ~U( ’h ami d t I ~JPA research have indicated that m ost
aids must reJb ’ti the ’ key  char acteristi cs anti vi’- mim idd l e or medium ap t i tud e , as well as high apti -
quin ’mt’ntx of the I- ’P FP-l tet ’h no& ’gm ’ as d~ct ’u~ c’d h ide per sonmiel . as measured by currem it apti tude
in I ’~ km ’ (1Q 7S ) .  Thew include T/& .1.- clam/an ! tests , c a mm successlu lly complete TOT t a m ing amid
language and kes ’ed p ietori als J ~’r ,nasn (enan() ’ c a um j e r l i u r m i i  n i a lm i t ena m ice tasks adequately. So for
iPistfli(’lft’fl$. U(’,) hqlr iatt ’ J or,na ( f o r  liii ’ mainie- the pr esetmt , the current  apt itude tests can be used
Pi(i fl( ’(’ ( ‘PiI ’tf l ’?ilPl ( ’Ht, as well as “hands on ” val ida- for selecting entry maintenance per .som im s el . One
turn of tin’ eJj e(yiI ’enecs of the p nuluet ,~

. ,,~
. simu ply has to adjust the aptitude cutoff scoue

itmiracti r , “hamuls on ” veriJ u ’ut ,on 01’ the eJj ee- Sh ort kn its T01’ ( l1h;t i~ 3). This block re-
tiV( ’ttt ’SS of the pr oduct hi ’ the pur chasing 1) 01) presents integn it ed applications of the (PJI’A and
agc ’ne; ’; ant i warra nts ’ of the pnuluet hi ’ tin’ TOT techno ogles. In a short summary prese lita-
n ’nlracior. I ion such as this, it is not feasible to discuss all of

ausi i l lcat ions amid possibilities for such integrated
2 ii; he t~/f i’dim ’e, tlu ’.ce quality / “PJPA ~nu~I applicat io ns. hut a few of the key am i d tiii i quc

bc’ uses! hi ’ eac ’!i maintainer wish Ic lit ’ i.t perf orming characteristics are mentioned -

his ~ob tasks. I - The m;u~shing of tlu ’ content of the I- ’I’JI ’,-l
3. QualTh’ TOT p rograms p nust be des ’elt p et! J i~r the cluster oJ liar s/ware unth ’r cims idera tuip s

which su ,)fk) rt and t’tiinplemnt ’, it (lie I7J1 ~,I f in’ the amid 1/u ’ (T?,, i ’ePi ( of tire TOT rt ’,;n ’st’nlcd hi ’ this
clust( ’r of liars/ware under c’ottsidc ’nitttin. The jIt  li&u ’k is an ahsolutt ’h’ necessary ingredu ’nt for
between tin ’ i’TJ!’,4 and f l i t ’ TOT is extreme’ls such ap l ’hicai’u) ns. h its P?leshiPi k ’ rs’qui r~s pre cise
critical J i v efficient ~oh pe rj ormancc’ oJ ’J irst term; : task idc ’nf, J :e af, o, i f or  all hanust ’arc selected f i n ’  the
pc ’rso ~snt ’l. ( -luster , f ollowed h,s ’ a m’err aj rt ’f ul trade off  as to

4. lire advancement of  all f irst termis maint 
which tasks or part s (If  tasks f or  each hardst ’are

iwnct ’ personnel boil: in sk ill and pa m ’ levels must 
he n ’l(’gat( ’tl to TOT and/ or I ”P!P. 4. 7~;

he aev’otnphsht’d on i/u ’ basis of th ’mi ’,,sira tesl 
achieve this , f lit ’ cairn ’ trade o ff  ground rules must

ahilits ’ to lk ’rjO tin job (asks . This requires t h e  
hi’ a~’p !ic’d f o r  each hardware ii : the (lu.cter (.cee

c’li;nj nath,,i oJ all p ape r-an d ’pe ncil th eory anti M ’ 
f orc e. Chsen ;oJ Y. MulIi i~an , & llallors ’, l973a ,
lc) 73h . !q 73~’),k in; wkdge tests f i t  ;ni fIrst term (zj vanes ’uie,st

rcquire’mnenss. (Scores Iromn such l)aper- afld ’PCflCil 2. TOT ,xm~u ’kages ( fo r  initial training) iisus t be
tests have little relationship to ability to per form th ’I ’eloP ’d which req uire f lit ’  train ee to ln ’rlornl
mna intcnam ice tasks ( Foley. 1974).) ‘‘liap uls on ” practi ce of key task s sssin,t~ I ’i ’JI ’,-l on

5. ,1J :er initial training, each f irst f ern s  main- 
ii’hn’/u’s’c’r hardware of f / r e  cluster is available for

tainc ’r must pi ’rfi,f lui both uoii-Th and 7~ luaintc ’- tra in ing purposes Since the trainee will receive his

i:ana ’ tasks on a f it! ! time ha.ci.c f or  at h’ast ~~~ 
instructions for l~ rf Or iii i fl 8 such “hands 0 m m ” prac-

s ear using I ”I’JI ’A (mock ó,ì. ‘titis is au cxtrcm smel y 
tice , much of the TOT package will he a training

important requirement for the cost effective uti h i-  im i anag en scuut docunient identifying the tasks to be

l.ation of first enlistment personnel . Here is where 
practiced. Such a TOT package wil l also provide

the maintainer “pays for his or her keep ” : demon- 
instructions for Practice on those activities which

strates his potential usefulness to 1)01) including have been assigned to training: such as use of test

the dcmonstratiom s of good work habits and of equipment.  Once the trainee has learned to per-

ability to use his hands : and thus earn s the priv . 
tbrm tasks using one hardware lie will be able to

ilcgc o~ obta ining advan ced training (Block 12) .  perform u tasks omi cacti of the other hardware imi the
cluster wit Ii a nm ini ni u mu of cross -trainin g Such

Key Features of the Model cross-training packages must he developed as re-
quired coverim ig only those activities miot included

Current Apt hi udc’ Tests ( I/ lock 1). Current IX)l) im i the FPJPA , nor in the in it ial  package .
aptitude tests have been designed to select l)eoPlC 3. f lu ’ p hi rs iral location of th e  entry Tol ’who will do well In current entry maint enance
tr ai ’ ; in g progra m s. For example, many current Air , ‘ru~’ra uss ( ‘UP S either hi ’ cenf ra hi:ed in om’ location
Force entry nsa intenan cc tr ain im ig progr amn s require °~ tlc’ccn trali:ed.- i.e.. at (it iwar the initial lob
people with aptitudes of 80 perc en ti le and above assigimu iii of each trainee. If qua lity I-’PJPA and

to successfully coniplctc current academically o n -  qual ity TOT packages to match become available ,

ent ed ent ry training programs. A large nmumn b e r of on site job ent ry training similar to that ut il i ied h

such personnel do not aspire to mua k e nsa inte nance the 0111cc Products Division of iBM umsav become
the muce t cost effective route for man y IX)l)
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main temia nce situ at ions (in J ~cY , the Army is isow career l~I ’Uluation and Selection for ~~oadbased
j ilamsing to conduct on-site initial tra i,sing, but Traimsing (Blocks 7 through . /2). ‘The career evalua-
Wit hOUt (f LW/itt  FPJI’.4 ). thin envisioned for Block 7 would be based on

4. hu t’ p roposed 7VT tiouki ,‘ractu’alIv force three factors. The f irst (a go, no-go factor) would
first tern: mai,ttainers to use 1-PJP A to perform be a comprehensive JTPT battery which would
their tasks because that will he the ~~~ ~~~ ~he.c’ ascertain that the m aintainer could perfo rm a wide
I) eoI) le will haw’ been trained to do their job task & range of mu ia in t ena nce tasks using FPJPA and that
This would reduce one of the current I)OD main- he had a high degree of expertise in the use of test
tenance problems , that of getting maintaine rs to equipments. The second factor would be a super-
use their maintenance instructions , visor ’s rating. lime third factor would be an apti-

tude test battery for the broadbased training. If
Job Task Perfornwuce’ Test 1J TP T~? Battery the maintainer successfull y completed this evalua-

(Block 4). A JTPT bat tery . similar to the m imode i tion process, he would be awarded the 5 skill and
described by Shrive: and Foley (l974a), should be he would become eligible for an offer to extend
developed for each cluster of hardware . The use of his enlistment for broadbased training (Block 12).
such tests is another absolutely necessary ingre-
dient for maximizing the utilization of first term Since the number of training spaces for such
mnaintai n ers. The objective of the proposed TOT broadbased training would be limited , a successful
programs is to teach people to perform mainte- completion of the career evaluation might not
nance tasks of a specific number of hardware ~~~~ 

result in an immediate offer , The maintainer migh t
using FPJPA—the objectiv e is not to teac h people have to continue working in the Block 10 status
to pass paper-and-pencil theory and job knowledge until there was an available opening. But whenever
tests. The only appropriate tests for insurin g the such an offe r was made , it would be accompanied
achievement of such a task performance objective by an offer of a bonus. The amount of the bonus
are JTPT. There is nothing really new about the could vary with the needs of the services. Any 5
idea of using JTP’I’ as trainin g criteria. They were level individual who declined to extend his enlist-
used extensively by the Navy and Air Force during ment (and any individual who failed the Block 7
and after World War 11 (Foley, 197 7). What is new, evaluation) wou ld continue to work in a Block 10
is their refinement (Shriven & Foley, l974a). stat us as indicated on the flow chart .

In addition to their worth: for ensuring the task Potential Dollar Gains f rom Improved Ut iliza-
performance ability of entry per sonnel, time use tif (lOP? of First Term Personnel (Blocks 6 and 10).
JTPT pro vides (lie basis Jo,- a great improvement Consider those personnel that rem ain in the
of the DOD p osture concerning several equal- FPJPA mode for their entire firs t enlistm ent. An
e,nplo,vmnent~;pp ort unity (t~EO) rulings of thst ’ addition of times in Blocks 6 and 10 indicates a
U.S. Supreme Court. (These ru lings have indicated total of from three to three and one half years of
that the selection of employees, as well as their effective job time. Based on the estimated total of
promotion should be based on ability to perform $60,000 personnel cost for a 4-year first enlist-
job task s (Alluisi , 1977).) it is worth noting that mne nt individual , mentioned earlier; three years of
the Office Products Division of IBM uses task effective job time would cost DOD $20,000 per
performance tests as the sole criteri a for successful year , When compa red to some individuals in the
completion of entry training and as prime criteri a current job situation , from whom only one year of
for all career advancement. (AFHRL has SU )rt effective job time is realized , ($60,000 per m an-
work which has produced some graphic symbolic year), this would be a saving of $40,000 per man .
substitute tests of promising empirical validity Applied only to 100 individuals , this w ould result
(Shriven & Foley, I974b). However , the tech- in a $4,000,000 saving. Consider also the m di -
nology for developing symbolics requires more re- vidual who , after 18 months , extends his enlist-
finement before such tests can be recommended ment for broadbased training (Block 12). Based
for operational use.) again on the $60,000 fi gure for four years , DOD

will have receive d one full year of productive labor
“Sk ill Level ” Upgrade on Rrst Job ( Bloch: ~)- for $22 ,500 before he extends. And, for his cx-

The award of a 4-skill level is provided after about tended four years, DOD can expect three full years
six months on the first job. This skill level will of effective job time at $20,000 per year. These
indicate that the maintainer has demonstrated his manpower savings could result in more qualified
ability to perform his job tasks and has demon- maintenance people omi the job without increasing
strated good work habits , The award of this 4 level the total number of personnel in DOD. And, these
could be made on the basis of a supe rvisor’s savings do not include those that can be expected
evaluation. This is a proposed new skill level, from improved maintenance effIciency. The types

_ _ _ _ _  
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of gains being considere d are of the same magni- based training program should include a large
tude as when automobile manufacturers changed amount of “hands on” activity solving man y dif-
their m ode of operation to production lines. f icu l t  m a i n t e n a n c e  problems using these

docu ments.lmp rov& Aptitude Tests (Block 8). The results
of the J TPT batteries admin istered in Blocks 4 and Utilization of Graduates of Second Ten;:
7 would provid e a data bank for the development Training (Block 13). The graduate ot one o these
of an imuprove d aptitude test battery . Since the broadbased courses would truly be a generalist and
new aptit ude test battery would be standardized could provide several valuable functions. ‘They
against measurements of ability to perform job could provide backup for first term personnel
tasks, the objective of TOT, the prediction of such assigned to hardware with FPJPA. They would
a battery for the initial training and job success also be expected to perform maintenance on
should be improved over current batteries. The use hardware for which no FPJ PA are available in-
of aptitude tests based on ability to perform job eluding the performance of maintenance on
tasks, as wel l as, the use of JTPT for determining transient aircraft .
training success would result in a great improve- A probably more effective and less costly
ment of the DOD posture concerning the pie- scheme for utilizing some of these graduates and
viously mentioned EEO rulings of the U.S. for providing at least part of the require d back up
Supreme Court . The Office Products Division of capabilities would be a centralized mai n tenance
IBM has developed and is using such an aptitude information center , which could be called bytest battery , which has been validated against telephone wheneve r a difficult problem is en-
t r a i n i n g  success and field perfo rmance , as countered. A highly trained expert , for each hard-
measu red by job task performance. ware system being maintained, would be assigned

Second Term Training (Block 12). It is en- to such a center. Such a center could reduce the
visioned that there would be several such courses numbe r of highly trained backup personnel re-
in each service , each course bein g aimed at an cx- quired in the field for all hardware . In cases where
tensive cluste r of hardware. Each such hardware only a few items of a specific hardware have been
cluster would probably reflect a limited number of procure d by DOD, it could possibly be used as a
vintages of hardware design. Selection for one of substitut c for costly maintenance instructions and
these courses would consider both the needs of the special training , this concept was recommended in
service and the desires of the individual . Arm m di- one of the early AFURL job perform ance aid tech-
vidual could be selected for training for a cluster nical reports(Folley & Shettel, 1962). A modifica-
of hardware which does not mnatch his initial t~~n of this concept is being used successfully by
assignmen t. The personnel selected for the broad- the Office Products Division of IBM.
based training, indicated in Block 12 , would hav e Appropriate Utilization of SIM S and I- OittM
several advantages over those now receiving (Blocks 12 and 13). An appropriate utilization of
lengthy entry training. An important advantage is SIMS type data including FOMM is also indicated
a well developed real-world frame of reference on the flow chart (Figure 2) in conju nction with
concerning maintenance. This will make broad- Blocks 12 and 13. As men tioned previously hard
based training much more effective . Since only data indicate that such aids improve the IS per-selected experienced people with a long term formance of highly trained and expe rienced
commitmen t would attend such a course , their personnel. Th ree versions of SIMS data are m di-
motivation to learn should be h igh . cated on Table 2 : i.e., traditional SIMS. Air Force

Such training programs to be effective would SIMS and FOMM . The hard data concerning SIMS
require extremel y careful planning and execution. was gathered from the use of Air Force typ e ot ’
Each program should be based on a careful study SIMS. Currently there are no data which indicate
and analysis of the expected job utilization of its that FOMM is more effective than Air Force SIMS.
graduates. As indicated in the task guid ance dis- There are only three categories of SIM S type
play for Blocks 12 and 13 , graduates would use aids which impact IS performance mm i ore thanFPJ PA for most tasks. T’ney would also be cx- TMM and these are included in the list of ninepected to use and have available several additional guidance and imilo nu ation categories l’or cx-
categories of maintenance guidance and infonna- perienced and highly trained personnel (see Figure
tion which include the unique SIMS or FOMM 2, Blocks I 2 and 13). They are the MDC , blocked
categories; i.e., main tenance dependency charts schematics, and keyed information. Although the
(MDC), blocked schematics , and keyed informa- specifications cited in Table 2 for traditional SIMS
tion. As a result , a large portion of each broad- and for FOMM provide for som e step-by.step in.

11



- - ~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -~~~ ~~~~~~~~~~~~~ - - -

structions b r  non-IS tasks, these instructions are TOT technologies are to be achieved: however ,
ot the traditional variety found in 1’MM. ( FPJPA they do provide the overall framework for more
for non-IS task s are , therefore , much more effective and efficient utilization of firs t enlist-
effective.) mu e n t  personnel  provided the  necessar y

specification modifications are made.The MDC is the heart of the SIMS IS concept ;
however, the humnan factors characteristics of the Navy Research ProgramMDC vary greatly among the various versions of
SIMS. An analysis of the char acteristics displayed The Navy is the only service which is and has
in Table 5 indicates that the Air Force typ e of consistently supported R&D concerning FPJPAI
SIMS is superi or from a human factors point of TOT tradeoff. Starting in 1972 , the Human
view , con tainin g sonic of the features of the Factors Engineering Division of the Naval Air
FPJ PA technology . AF SIMS contain step-by-step Development Center (NADC) supported an effo rt
checkout procedures in standard language and which has resulted in a controlled com parative
each component mentioned is keyed to a locator study (Theisen et al., 1978) which produced hard
pictorial . In addition, the symnbology used for m di- data attesting to the feasibility and effectiveness of
caring dependencies in Air Force SIMS is the least the FPJ PAJTOT trade off. In fact , it is the only
complex for these aids. such contrd led t rale olT study ~fiith has been corn-

When the checkout procedures of the MDC pleted to date. Currently, the NPRDC at San
identify an out.of-tolerance condition, the chart Diego, California , has a new 3-year advanced
provides a set of dependent functional units , the development project which is aimed not only at
fault to be identified being within the set. That is, refining the IMG&l/TOT trade off , bu t more

“it gets the maintainer in the right ball park fast.” import antly at solving the personnel and training
(To be effective each set of dependencies m ust be i mplementa t ion  problems. This projec t No.
conçlete.) From this point on, he must plot his Z0828PN entitled “Job Performance Aid Test and
own course of action making use of the hardware Eval uation ,” should result in the necessary guide-
descriptio ns found in the block schematics and lines for optimum FPJPA/TOT trade offs. As of
keyed in formation. It is during this “free February 1978, proposals for this work were being
wheeling” activity that the maintainer can muake eval uated.
costly errors resulting itt inefficient 1’S.

Navy Work Packages
The Navy Air Systems Comman d (NAVAIR)

IV. CURRENT KEY RESEARCH AND has developed t he Mil.M-8 19XX (AS) series of
IMPLEMENTATiON ACTIVITIES specif ications which include provisions for work

packages that are a decided improvement , whenArmy Implementation Act ivities compared with TMM. Each such work package is
It will be recalled that the Army supported over designed to support the perforn’ian ce of one

hal f of the early R&D concerning TOT. including non-IS or IS maintenance task. A com mon aspect
the import ant FORECAST effort which , also, of each work package is that it contains a con-
produced the effective FORECAST IS aids. dis- solidated presentatio n of available information and
cussed prev iously. And the Army is now in the guidance pertaining to a task ; materi als , which are
foref ront concerning implementation. The Army ’s normally dispersed throughout 1MM. Since each
integrated Technical Documemitat ion and Training work package is task oriented, the FPJPA tech-
(ITDI) Program is by far the boldest and muost far nobogy and the work package concept are corn-
reaching imp’ementation action ever taken to patible. Many work packages reflect , at least , the
exploit the benefits of IMG&I , TOT and the format aspects of the FPJPA technology. How-(MC,&l/TOT trade off. This program already con- ever , the specifications contain no firm require-
tains many of the aspects , displayed in Figure 2, ments for applying the FPJPA technology in-
for thortening of initial training of fi rst enlistment cluding no firm requirement for task identification
personnel , as well as the decentralization of such and analysis (Tl&A). NAVAIR requires the de-
trai ning by providing TOT packages an d by vclopment of work packages for all new systems.
assigning the responsibility for initial training to The work package concept certai nly Is an improve -
operation al units. This program is being inst itu- nient over TMM and provides the framework for a
tionallzcd by the MiI.M.630XX series of specifica- full implementa tion of the results of the recen tly
tio ns .  As will he discussed later . these completed NADC FPJPA/TOT trade off R&D
speclf lcatk;ns m~h require ma/or ;md:/ ications if (Theisen et al ., 19 78).
the expected and necessary rc ’sults of IM (;&I and
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Current Air Force R&D and Impkmentation IMG&I , t raining and/or personnel utilization. They
Activities are the two steel corporations , Armco Corp, and

The Air Force supported the initial develop. U.S. Steel; the Cleveland Engine Plant of Ford
ment work of the TI& A technology which has Motor Company; the Office Products Division of
been basic to the more recent developments of job the I BM; and the Bell System. These advanced
effective IMG&I and TOT by the Army and Navy indust rial approaches are very similar to those
( Miller & Folley , 1951; Miller, 1953). Also, the Air presented and recommended for DOD imple-
Force conducted the first TOT study wh ich mentation. All of these applications can be traced
started in 1953 (Foley, 1964) and supported most to hu man factors R&D supported by the milita ry
of the exploratory development and earl y ad- services. In general , th e milita ry services have been
vanced development of the FPJPA technology ahead of industr y in human factors R&D for main-
(Joyce et al., l9 73a, l973b, 1973c). In addition, te n ance , bu t  behi nd some indus t r ie s in
the Air Force conducted a preliminary, uncon- applications.
trolled demonstration of FPJPA/TOT trade off Of these industrial organizations the Office
(M ullen & Joyce, 1974). However , the Air Force Products Division of IBM has the mc~t im pressive
did not fu nd pla nned controlled comparative integrated system of personnel utili zation . This
research concerning such trade offs. integrated system has man y of the characteristics

FPJPA technology is concerned , the technology, which incl ude effective )MG&1/TOT trade offs; all
as developed is based on Tl&A and is applicable to training success and j ob advancement are based

As far as the Air Force im plementation of the of the proposed program , outli ned in Figure 2,

both non-IS and IS tasks for both the organiza- primarily on ability to perform job tasks as
tioml and intermediate levels of maintenance , measured by JTP’Fs; personnel selection pro-
h owever, impkmentaz ions, to date, ha ve con- cedures have been validated against such tests; the
cemed only non-7S tasks for the o?ganizat long! responsibility for the maintenance manual de-
maintenance of aircraf t. Job Guide Manuals (JGM) velopment , engineering changes , aptitude test
for organizational main tenanc e in FPJPA format development , formal training development and
have been developed for the C-141. B-52 , KC- 135 , executio n , field t raining packages development
F-106 (partial), F-5E , and the A-b aircraft . They and performance assessment center operation are
are being developed for the F-16 and are planned under one directorate; and the actual selection ,
for the  Advanced Medium STOL Transport hi ring, and initial training of maintenance per-
(AMS T), as well as, for various other sub-systems so nnel have been decentralized and are the
for the Aeronautical Systems Division (ASD) and responsibility of the line managers in the field. An
Electronic Systems Division (ESD). Such JGM important aspect of this 1MB program for DOD
were also planned for the B- I. Of these JGM executive s and man agers is that the program is
develop ments , the C-l4l JGM are the only operating and has been operating successfully for
manua ls which reflect the TI& A aspects of the several yea rs.
FPJPA techn ology . The Bell System is probably the greatest user of

However , (as mentio ned earlier) the AFHRL, at TI&A for solving operator and maintenance per-
the request of Air Force Logistics Com mand sonnel and training problems. A reflection of the
(AFtC), is now developing a specification under Bell System ’s stro ng interest in TI&A was its
contract for Tl&A. In addition , a specifi cation for sponsorship of a “Conference on Uses of Task
LTTA is being developed under the same contract. Analysis in the Bell System ,” in October 1972.
Some consideration is also being given to expand However , Bell does not have as form al and precise
this same mix of IMG&I (JGM for non-TS tasks trade offs of TOT and IMG&l as does IBM. The
and LTTA for IS tasks) to the organizational applications made by Bell Systems are for solving
maintenance of other hardware, as wel l as to inter- specific problems. Impo rtant ingredients for Bell
mediate maintenance . Such improved applications System ’s ongoing applications of the FPJPA tech-
should greatly improvç the efficiency of mainte- no logy have been the development of an intern al
nance, but wil l not set the stage for the maximum guide for the preparation FPJPA , as well as an
utilizatio n of first enlistment personnel by effec- accompanying training progr am for FPJPA de-
tive FPJPA/TOT trade off as indicated in Figure 2. velope rs . These efforts were accomplished under

the auspices of the Bell Laboratories. With some
Industrial Implementation Efforts modifications , this training is now one of the Bell

Laborato ry’s regular and popular courses given atFive industrial organizations have been iden- P isca tway,  New Jersey,  for Bell System’stified for their advanced approaches to TI&A, managers , the idea being to greatly reduce or eli-
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minate much costly training by using good job implementations. Cur ren tly, it req uires years of
instructions. Another version of this training persistent effort on the pa rt of the research
progra m is given by New England Bell at Marl- community to get a technology properly institu-
borough , Massachusetts- tionali zed . All of the current operational imple-

mentations of the FPJPA, the FORECAST, andThe Armco and U.S. Steel IMG&l/TOT appli- TOT technologies have suffered or are sufferingcations are very similar , both being originally from this “watering dow n” phenomenon. Ex-applied to the maintenan ce of the electronic con-
trols on t heir rolling mnil l s. Both organizations amp les include most Air Force developments of
turned to the IM G&l/TOT technologies after tradi- so-called JGMs for organizational maintenance for
tional training approache s resulted in expensive existing and new weapons systems (Mil-M-38800),
maintenance failures. Both organizations have now Army developments of Integrated Technical Docu-
applied IMC&l to other maintenance problems. A mentation and Training (ITDT) systems, and the

Air  Force TOT implementations includingdescription and discussion concerning the Armco BRIGHT SPARK and ABLE CHIEF.experience is reported in au issue of Iron Age
(Snodgress, 1976), More recently the Cleveland 3. A mechanism must be developed fo r  the
Engine Plant of the Ford Motor Company is timely institutionalizaf ion of each promising new
having an IMG&I/IOT program developed for the technology, which will ensure its integrity. A
mai n t enance  of its p rogrammed control mechanism for the orderly implementation of
productio n equipment. technologies similar to that used for new weapons

systems is recon unended. Such a mechanism must
make efficient and effective use of the “know

V. PROBLEMS AND POLICIES WHICH how” of the developers of the technology and
IMPEDE tMPLEMENTA’flON make them responsible and accountable for its

implementation , A new technology shoul d not be
1. DOD lacks a policy requiring that only turned over to a using command for its operation

those technologies and concepts whose effec— until it is in place , “debugged” and operational—
I iveness are supported by comparative hard data j ust as a new weapons system is not turned over to
should be considered fo r  implementation. Sales an operation al comman d until it has been “de-
talk and “eye appeal” are unacceptable bases for  bugged” and proven to be read y for operational
expending large sums of operational nvney f o r  un- use.
tested concepts or proposed technologies eve,, 1/ ’ 4. Although the proper implementation of
they ar e innovative. Only those concepts and tech - quality TOT and FPJPA technologies will result in
nokigies should be implemented for operational Ir amatic savings in overall maintenance labor costs
purposes wlvse effectiveness for  maintenance and/ in dramatic reductions in spare parts consump-(.r training is supported by comp arative hard data 

- 
:~~~~, their implementation will require relatively

obtained f r om well designed and controlled large investments in quality maintenance guidance
tryouts, and information and in qualif v TOT programs, as

2. Getting well developed and adequately well as , changes in personnel and training systems.
tested technologies , such as FPJPA and TOT insti- Such necessary changes will require an integrated
tutionalize d , is a perennial problem , especially and concerned effort on the parts of the mainte-
when a technology requires fundamental changes na n ce , the t echnical data , the training , the
in long existing programs , procedu res, and atti- personnel , and the R&D establishments. All
t udes of entrenched establishments. The Advanced actions of the affected establishments must be
Systems Division of AFHRL has been involved in aimed at maximizing the utilization and efficiency
the implementation of several well developed and of first term ma intenance personnel.
documented technologies, such as FPJPA and 5. To develop the quality of maintenance
i n s t ruc t ion al systems design (ISD) including documents necessary to effect the overall mainte-
programmed instruction and job (task) oriented nance impro vements and reductions in mainte-
trai ning. These experiences have indicated that it is ,,a,,ce labor costs, will require at least f ,vnm 50 to
extremely difficult to maintain the integrity of a j , y j  p ercent ~nore inonci ’ than the Maintenance
technology during its so called implementation. Manual Establishments hai ’e been accustomed to
Operational organizations invariably attempt to spe#iJ for  current ,na inte,,ancc guidance and infO, ’-
implement a much “watere d down” version of the motion. The budget managers must realize that
technology and consequent ly obtain much this is a one-time, front-end investment that must
“watered down ” results. In some cases, only cos- be made in order to obtain the desired system lifrmetic changes to existing programs are reported as time cost reductions. Whatever is lacking in the
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mai n tenance  guidance documents must be - responsibility for training with the people who
supplied during every year of system life by more must live with the results. In addition to con-
training, more suppo rt and test equipment , more ducting the broadbased training for second term
spare parts , larger inventories of major hardware personnel, the training establishments should have
componen ts, and more depot maintenance , the job of preparing and updating the TOT

6. Although shorter , quality, TOTis not cheap trai ning packages , as well as of training the appro-
training. Most of the training time (to be effective) priate members of the maintenance establishment

to cond uct such TOT.must be spen t in “hands on ” practice of key j ob
task& This type of training cannot be obtained in 9. To insure the integrity and effectiveness of
“training ” facilities: consisting of classrooms, both the initial TOT and their associated JTPT
p odia, tablet arm chairs , blackboards, and pro- batteries , job assessment centers are proposed.
jectors . Effective TOT require s substantially higher Each center would be a join t effort with the
instructor to studen t ratios than DOD manpower appropriate training establishment. Selected grad-
establishments are accustomed to tolerate. Such uat es of entry tr aining programs should be given a
tra ining also requires larger investments in hard- battery of J TPT, which would ascertain the effec-
ware , hardware simulators , pictorial simulators , tiveness of entry trai ning programs. The same job
and part task trainers. So the per week or per day assessment center could be used to ascertai n the
cost of TOT will be greater than conventional job effectiveness of randomly selected experienced
mainte nance train ing, especially for electronic maintenance personnel. The bank of data obtain ed
hardwa re. For example, A TOT program (which is f r om such centers should be used to standardize
only 25 percent of the current length of a con- entry aptitude tests.
ventio nal program) may cost four or five times 10. To implement the model and to effect themore per week , making the total opera ting cost of savings, described in Figure 2, will require the re-producing a graduate the same or slightly higher clustering of hardware for maintenance assignmentthan the current program. Budget ,nanagers must codes for first term maintainers to which therealize that this is another price that must be paid. model is applied. This will probably require a new

7. To insure maximu,n cost effectiveness 1mm maintenance assignment code for each cluster of
the implementation of a FPJ PA/ TOT model hardwa re to which the FPJ PA/TOT trade offs are
similar to that shown in Figure 2, the training and applied. The number of hardware in a cluster
job success of f irst term DOD maintainers Pnust be shoul o be man ageable. For early applications , the
based on demonstrated ability to perform job maintenance of each cluster should require a large
tasks. This requires the utilization of JTPT bat- concentration of maintainers and if possible, all
teries as the criteria for training and j ob success of hardware in the cluste r should reflect a limited
f irst  term maintainers , as well as the abandonment number of design vintages. Such reclustering is re-
of traditional paper-and-pencil theory and job  quired because all FPJPAITOT trade offs must be
knowledge tests for such personneL TOT does not based on the same trade off ground rules, and the
prepare people to pass such paper-and-pencil tests. FPJPA for each hardware in the cluster must be of
With regard to an ef fective JTPT batte ry , FPJPA the same high quality. (The reader is reminded
will provide for much of the interface between that Table 3 indicates three possible combinations
maintai ner and his hardware . Therefore , it can be of IMG& l , the implementation of which could
assumed for sampling purposes that , if the main- result in cost effective tradeoffs with TOT. How-
tam er can demonstrate his ability to perfo rm a ever , the use of FPJPA technology for IS and
limited number of key and difficult tasks of his non.TS tasks is emphasized in this pape r , because
job (using FPJPA) plus his ability to use test this option is the most effective for maximizi ng
equi pment and hand tools, he can perform most of the utilizatio n of first-term maintainers).
his job tasks. Because of this characteristic of the I l .  It is again emph asized that the realizationFPJPA/TOT trade off , the amount and cost of of such gains , as indicated in Figure 2, require thatt raining hardware necessa ry to provide hands on the integrity of advanced technologies be main-practice of represen tative tasks for q uality TOT
(based on a quality FPJPA/TOT trade ofl) should ta m ed during their implementation. It is abso-

lutely necessary that their integrity be reflected inbe much less than that required for quality TOT the official specification , guidance documents ,supporting TMM. policies , and well written work statements in
8. It is proposed that the respon sibility for contracts. In this regard , the current DOD official

conducting field TOT training programs be given specifications and guidance concerning IMG&I
the maintenance establishment. This would fix the technologies have serious deficiencies. For
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example , MiI-M-38800 concerning JGM reflects 13. The tremendous savin gs to be reali,.ed
format aspects of the FPJPA technolo gy, but not from the itup l enient at ion of IMG& l, TOT , and
the important Tl& A aspects. In addition , the JTPT will be reflected in the maintenance estab-
FPJPA technology covers both non-IS and TS lishment s. However, the substantial investments
tasks for both organ izational and intermediate required to effect these savings must he made by
levels of maintenance , but M1I-M-38800 is limited the technical manual , training and personnel estab-
to only non-IS tasks for the organizational level lishments. Currently, the effectiveness of inanage is
maintenance of aircraft. However , AFLC has in each of these investment establishments is not
requested AFHRL assistance for correct ing at least measured by the savings they effect in the mainte-
part of these shortcomings . Mil-M-38799 con- nance establishments. Current funding practice
ceming Air Force type SIMS does not require uses past expenditures for each individual estab-
TI&A. Although the Mit .M-630XX series . de- lishment as budgeting criteria for its future
veloped by Army DA RcOM. provides for Tl& A expenditures. A mechanism must be established
but not for important inprocess reviews. In addi- which will provide sufficient additional funds for
tion , the effectiveness of the types of IMG& l these necessary investments in quality IMG& l,
specified by the Mil-M-o3OXX series documents TOT , and JT PT.
are not supported by comparative hard data. 14. An important consideration for the devd-

12. However , the existence of specification opment of DOD policy encouraging effective
and other guidance documents (which accurately applications of IMG& l , TOT, and JTPT tech-
re flect IMG&l and TOT technologies ) does not nologies is their potential for rapid build up o1
insure that individuals within the affected estab- both new and reserve personnel in times of
lishments will or can implement such technologies national emergencies. In place , quality integrations
properly. Technologies (such as, FPJPA , FORE- of FPJPA . TOT, and J TPT technologies for key
CAST. TOT , and JTPT ) require many people in har dware would not only greatly reduce build up
the tra in ing, personnel, maintenance , maintenance time , but would also , reduce the number of spare
manual and industrial establishments to modify or parts used at a time when spare parts would
change uiany.of the ir long stan ding attitudes and probabl y be in short supply .
behaviors. In addition to overcoming their natural 15.  Since so m a n y  now independentlyresistance to change , many must lear n impor t ant
tasks and skills which they do not now possess. operating establishments mus t work in concert to

effect necessary changes, an agency must be estab-These people problems cal l for well planne d and 
lished having the necessary power and “knowexecuted actions including the following: 
how” to effect necessary changes. The Office

a. Appropriate training programs concerning Products Division of IBM accomplished this
i mpro ved technologies for affected managers , important function by making the same genera l
supervisors and jo u lneyrn en. The programs should manager responsible for the development and
result in certi fication for both DOD and con- conduct of formal training, the development of
tractor personnel , based on supe rvised practice and field training packages , the development of on the
demonstrate d ability to perform the required job task guidance documents , the development
skills. These training programs should stress the and validation of aptitude tests, and the conduct
required integration of tech nologies. (The certitl - of their job assessment center. This structure pro.
cation of contractor personnel may require some vided the necessary power to effect such an inte-
modification of current DOD policies). gration . but not the necessary “know how .” The

b. The establishmen t of in-house capability to “know how ” has been provided by an expert
perforn~ inprocess reviews of contractor developed human engineer , and manage ment followed his

d i r e c t i o n s .  The appl ica t ion of power un-subproducts of Tl&A and the application of these
subproducts to IMG&l and TOT developments , accompanie d b) in-depth “know how ” is an

extre mely dangerous combination when dealing
c. The establishment of an appropriate mecha- with complexed technologies.

nism for insuring the effective integration of
IMG&l , TOT, and J 1FF technologies.
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