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technical documentation computer aided instruction
computer graphics man-machine coninunication

,Lp~intenance and repair coninunicati ons media

This report describes the facilitie s that could be pro-
vided by a portable , microcomputer -based system for the
delive ry of maintenance and repair technical documentation
in the Navy of the 1 990’s. It includes a comparison of
existing documentation media (paper, microfiche , and audio-
visual materials), emphasizing desirable features that should_ 4
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20. ABSTRACT (continued):

~be preserved , and defects that should be overcome . A set of
important research Issues in the following areas Is developed
and presented , the solution of which will be vital to the
realization of the proposed system :

-- interaction modes: varieties of user/system dialog
to be supported.

-- datatypes : the storage formats needed for different
kinds  of information .

-- database structure : internal organization vs. user-
perceived structure .

-- interaction devices: use of data tablet , touch , voice ,
and direct hookup to equipment unde r repair .

-- presentation techniques: graphic techniques for display -

animation , windowing , information hiding.

-- travel and query facilities: provisions for navigating
in the database and obtaining answers to general and
specific questions.

-- annotation : ways of allowing user “persona lization ” of
the documentation .

-- authoring: the necessity of developing sophisticated
authoring tools for a sophisticated medium.

-- interface : means -for integrating the system into the
inventory process , and obtaining user feedback for
documentation changes.

A technology estimate is presented which extrapolates from pre-
sently available technology , indicating where further research
needs to be done. The formats currently employed for Navy
technical documentation and the maintenance and repair4’pipe -
llnes-~ that are followed in its production and use are reviewed
in an appendix.
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Mil i t a ry  maintenance and re pair , always ung lamorous  but
essen tial tasks, are becoming even more important with time.
Technoloqy in general , an d wea pons systems in par ticular, are
increasing in complexity and their roles in maintaining readiness
are qrowing more crucial. This is especially true of the

- 
- sophisticated electronic and aeronautical  equipment  found on

today ’s ships —— for example , many weapons systems cannot
func t ion  wi thout  their  support  computers . While  numbers  and
complexity of equipment are increasi ng , manpower availability and
reading skills of Nava l recruits are decreasing,. Research into
improving Nava l maintenance and repair technology is therefore
imperative,.

As computer  scientists, our interest centers on the  data
needed for  maintenance  and repair. It is not within our purview
to address the political, organizational, or economic aspects of
producing, distributing , and using such data, despite the primary
importance of tt~ese factors  in a total systems analysis. We
instead restrict ourselves to the technological issues: how the
data is currently structured , presented , and used, and how its
structure, presentation, and use might be improved in the futureA.

We call the data that technicians use as primary references
for troubleshooting , re pair , and routine maintenance tach~j~~~
~~ ç~~~~~~j~j,Qfl ( T D ) .  Examples of such documentation include:

• equipment descriptions,

• theories of operation ,

• t ra in ing  manua l s ,

• operatinq instruct ions,

• instructions for planned maintenance ,

• troubleshooting procedure s,

• disassembly,  repair and replacement instruct ions, and

• parts  lists.

The users of technical documentation have broad , if not explicit,
requirement s and expectations. In part icular ,  they expect a
document to be:

I,,,,,.



,~_j I*h~T 
~~~~~~~~~~~~~~

• orqanized so that information needed for  the  task at hand
is readily found ,

• a d ap t a b l e  to  t h e i r  working style and skills , 
h

• accura e, ~‘o mp le t e , and u p - t o - d a t e ,

• consis tent  w i t h  i tself and o the r  rel ated d o c u m e n t s ,

• un ders an d a b l e  and r eadab le , and

• por tab le  and durab le  enough to be used in the  w o r k i n g
environment.

Present t echnica l  d o c u m e n t a t i o n  t echno logy  is p r i m a r i l y  hardcopy
(paper and microform) based , which presents the following
problems:

• I~ is difficult o structure hardcopy technical
documentation to serve multiple user needs simultaneously:

Jsers with different skill level s (novice, expert), lobs
(manager , technician , operator), and presentatior .
preferences (t ext vs. picture orientation) cannot all be
sat isfied I~y a single m a n u a l  w i t h  a s ingle  o rg a n i z a t i o n.
S t r u c t u r i ng  h a r d c o p y  t echnica l  documenta t ion  fo r  mul t ip le ,
non—sequentia l modes of access is difficul~ , confusing, andawkward at best. This, coupled with the qrowth in the
c o m p l e x i A y of the systems being docunien~ ed , has for ced a
d e c e n t r a l i z a t i o n  and d u p l i c a t i o n  of i n f o r m a t i o n among many
m a n u a l s .  However , t h e  p r o l i f e r a t i o n  of m a n u a l s  in turn
creates the need for inter-manual cross referencing and
indexing, and causes b o h  loqistical (paper movemen~ ) and
managerial (configuration management ) problems in ensuring
he manuals ’ accuracy and consistency. Thus , the first two

e x p e c t a t i o n s  above are somewhat  at odds w i t h  one ano the r .

• Understandability and readability are not easily
accomodated by hardcopy ’s inflexibl e presen t ation style:

Problems of manual writing style are well known in the
milit ary fjablonski, 1971~ . Most t~avy 

t echnical manuals
are in the “traditional” format [Hughes, 19771, with about
7 0% of t h e i r  pages devoted ~o t ex t  w r i t t e n  at the 9~ h grade
read ing  level , and the remaining space used for charts ,
i l lus tra t ions , and diaqr am s.  Some a t t en t ion has  been
focused on changing manual formats to better sui ”
t echnic ians ’ dec l in ing  reading levels (see append ix
A .2.1.1). Even with new formats, the lack of dynamics
(animation) and the impossibility of interactinq with the
document  p revent  radica l changes in presentat ion style tha t
could be used to create more easily understood
documenta t ion .

— 2—
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• !i a rdcopy docum en t a ion is v u l n e r a b l e  in h a r s h  environments:

Present Naval technical documentation does not stand up
wel l  in ~ ~e h a r s h  en v i r o n m e r ~~s c o m m o n l y  f o u n d  on sh ips ; .
Pap er, whi le  por tab le , is not su i t ab le  fo r  ex t r e m e l y  we t ,
di’~~y, or windy workplaces. Technical manuals ~1r t
susceptible to  permanent daudge by soiling or tc 4~rinq.
Microform fares even worse , because it requires more
careful handlin g (fingerprint s can render it useless) and a
f r ag i l e , e lec t romechan ica l  d i sp lay  device. An y new
technical documen’a’tion technology which is developed must
meet stringent environmental requirements if it is to see
wide use on ships.

• The hardcop y production process is inadequately supported:

L ike  t h e  syst ems it support s, technical documentation has ti
systems engineering aspects of its own. Documents  must  qo
through the prod uction process of design , authoring , data
cap ture , rep lica tion , distribution , feedback , and update.
These function s require loqis~ics and managerial support.
For example , configuration manaqement is used to keep track
of documen~ status. Present hardcopy technology suffers
from the use of inadequate tools in all phases of th~product ion process, and a lack of integration between the
phases, which severely ccmpromise the manuals ’ timeliness ,
accuracy, and consistency.

There have been several a t t empt s  to improve  hardcopy
technical manuals and adapt film and videotape for technical
documentation fHuqhes , 1977 1. These programs recommend the
development of electronic media as a possible answe r [Frazier ,
1979 1. We too believe that new com p uter—based electronic media
could prov ide  a cos t—ef fec t i ve  solution to many  of the
above-mentioned problems. This belief is based on our and other
researchers ’ prior experience with automated teaching, text
manipu lation , and in~ eractive computer graphics.

Cost—effective electronic technical documentation delivery
sys ems could have ~he follow inq advantaqes :

• The physical volume of the technical documentation in use
could be reduced.

• Di s t r i bu t ion  and upda te  propagat ion  could be decreased in
cost , while increased in efficiency and timeliness.

• Computer graphics technique s could be used to present high
content, easily understood displays .

• A database could be structured for quick access of
well-specified information , using automatic indexing and

- c l a s s i f i c a t i o n/ i n f o r m a t i o n  r e t r i eva l  techniques .  The

—
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~~~ ~j~t~ rn could also interact with the user to determine
- 

- 
his/her needs through give—and—take dialogue, and actively
provide guidance to the right informatioi .

• The sys~ em could be flexible enouqh to tailor itself to the
user ’s preferences , skills, reading level, and intelligence
by analyzinq his or her responses as they are input .

Xerox ’s Learning Research Group, lonq involved in the
development of a powerful personal computer for general
use — the Dynabook “dynamic notebook” , has written eloquently of
the possibilities opene d by well—crafted computer—based media :

For most of recorded history the in~ er~ ctions ofhumans with their media have been primarily
nonconversa t ional and passive in the sense that marks
on paper, paint on walls , even “motion ” pictures and
television , do not chanqe in response to ~he viewer ’s
wishes. A mathematical formulation —— which may
symbolize the essence of an en-’ire universe — once pu~down on paper , remains static and requires the reader
~o ex p a n d  i ts  poss ib i l it ies .

Every messaqe is, in one sense or another , a
~~~~~~~~~~ of some idea. I~ may be representational or
abstract, isolate d or in context, static or dynamic.
The essence of a medium is very much dependen t on the
way messaqes are embedded , changed , and viewed.
Although digital computers were originally designed to
do arithmetic computation , the ability to simulate the
details of any descriptive model means that the
computer , viewed as a medium itself , can be all Q~~~~m~dia if the embedding and viewing methods are
suffic iently well provided. Noreover , this new
~Lu et amedium~ is ~~~~~~ 

— it can respon d to queries and
experiments — so that the messages may involve the
learne r in a t w o — w a y  conversat ion.  [ L R G , 1976]

It is this facility that we would like to apply to technical
documentation: the dynamic instead of the static , the
conversational and active instead of the nonconversational and
passive.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The purpose of this report is three—fold:

First, to deve lop a characterization of technical documen-
tation with which we can describe both the interaction between a
technician and his or her technical manuals, an d the inheren t

—
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cap ahilitie~ of the docu mentat~ on media in curr~ ut use (Section
2). Specitics on ~he kinds of docum~ nta ion USO.~ in N a v a l
maintenance and repair , the actual manu al form ats emp lovt d , an~i

he “ p ip e l i ne ” us~~.i o p r o d u c e  he m a : e  i n c l u d e d  ( A p p e n d i x  A ) .

St~~~~n~~, to sk k - t ch  the  h i gh  le vel a r c h i tec t u r e  of a f u t u r e
‘ech nj c a l  d o c u m e n t a t i o n  d e l i v e ry  sy s t em ,, discuss the  research

— 
- 

p rob] e.s - h a ~ nee d ~o he s o l v e d  0 m a k e  j t  devel. opmen possible ,
• and e s t i ma t e  the technological advances ~ecessa r y  to i m p l e m e n t

he t u~ ur e syst em (Se c  ion 4 . 1).

Third , to explor e the close relationship between the
disciplines ox des iqn , trainin g , and main~ enance and repair ,
s ugg e s t i n g  t h e  e x p a n d e d  ro le  t h a t  the future technical
document  at ion del ivt:y system njqh4 p l ay  as an i n t e g ra l  par of
the  de sign and t r a i n i n g  process~ s (sec tion  3~~~ 1)

1.3_B~~~~

The informat ie n and opiniens present~ d here are based on our
experience of wore ban a decad e  with in~ eract ive computer
graphics and text processing, and a v a r i e ty  of reference sources.

A li~~er a tu r e  s ea r ch  was  p e r f o r m e d and y ie lded  m a t e r i a l s  f rog
many areas: m a i n t a i n a b i l i ty  enq ir . ee r i .nq ,  sy ste m s da ta
engineering, human factors, and previous studies of militar y
m a i n t e n a n c e  and t echn ica l d a t a .  These s tudies  inc luded report s
of several m ili~ arv programs oriented toward t i e  improvement of
tec Lni ca l documentation for trainin g an d  maintenance support: the
N a v y  Technica l  Information Presenta tion Program (NTIPP) [Hughes ,
1977 1, the  A r m y ’s Ski l l  Pe r f o r m a n c e  Aids  ( f o r m e r ly , I n t egr a t e d
Techn ical  D o cumen ~ a t i on  and T r a i n i ng )  pro gram (SPA)  (ARTADS ,
19771, and ~he Air Force’s Automated Technical Or .Ier System
(ATOS) [ATOS , 1976 1. All three programs stress the need f~ r
int egrating he development of technical documen tation with the
design and development of technical equipm ent .. In addition , they
are aimed a improving the match between the user ’s needs and
a b i l i t i e s, and technica l documentation data and its prese ntation.
The repor s ‘ esultinq from the~.e proq~ ams examine the s4ate of
current military t~ chnical documentation from the points of view
of produc~ jon, content , usage , and distribu ion.

An additional source of information was our own personal
observa~-ions made on visi s to 4wo ships: the U.S.S. Puget Sound
(AD-IB) , a destroyer tender whose primary mission is maintenance
and r ep a i r , and * he U. S. S. Independence (CV—62) , an alic : af~
carrier. These on—site visits were made in Cct ober , 1978, while
t he  sh ips  were in port at Norfolk , Virginia. The visit s were
made for the express purpose of examining how maintenance and
repair is done in actual shipboard environments. On both ships,

~
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we spoke to ot~~ice rs and e n l ist e d  personnel , ~‘o ‘r y  ~o f o r m  a
p i c t u r e  of typica l ma intenance and repair operation. A more
de aile-1 summary of t hese visit s can be foun d in [P~ own , 1978 1.

As v a l u a b l e  as  these s h i p  v i s i t s  were to f o r m i n g  our
perce p’ions of N a v a l  m a i n - e n a n c e  and repair , we realize , of
course , t h a t  two  v i s i t s  alone are scarcely s u f f i c i e n t  to obtain a
r ep r e s e n t  a ’ive  sample  of a “ypical” shipboard environment , if
such ex i s t s  a t  all. Indeed , one ot~servat ion  r e su l tin q  f rom the
visi’s was ~he wide variation in operating procedures both
between ships and even between departments on the same ship.
Nevet’heless, we feel ‘hat the exposure to actual maintenance an~repair practices obtained fro m these visits provided a useful
background for our s’udy.

LL cQ~ I~~~ . c  ~~ici~_~~~Q1.~

In order to gain a better idea of the possibilides for
computer based docu mentation , it is helpful to examine the
inhe:en’ capabiiities of the existing documentation media
themse lves :  t h e  l i m i t a t i o n s  of paper manuals , microform , and
t r a d i ’~’io na l  a u d i o— v i s u a l  media ;  t h e i r  a d v a n t a g e s  and
disadvantages.

Technical documentation ma y be characterized by its:

• physical characteristics — the document ’s medium , size,
shape , weight , and “feel” ,

• data types — t h e  kinds of information contained in the
documen ’,

• da tab ase  s t r uc tu r e  —— the manner in which data types are
encoded , grouped toqe~ her , and c ross—ref e :enc~~1/ l inked ,

• in t e r a c t i o n  devices —— t h e  i n t e r f a c e  t h r o u gh  which  data are
presented to and obtained from the user ,

• display format —— the  appe arance  of i n f o r m a t i o n  presented
‘to t h e  user ,

• travel facilities —— t h e  means  for  e x p l o r i n g  and t ravers ing
the database ,

• query facilities — t he  p r ovi sion s fo r  ob ta in ing  specific
i n f o r m a t i o n  f r o m  t h e  da tabase ,  -

—
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• anno ta t ion  f a c i l i t i e s  — the means by which the user adds
autographed infor ma ”ion to the da’tabase, and

• personalized presentation facilities — the  means by which
the system al e:s its manner of response to suit the needs ,
e i t he r  expressed or impl ied , of the user.

These charac’e:is~’ics are  all closely interrela ted, some
more than others , depending on the  medium.  We examine f i r s t
existing media , and then future computer l ased media , in terms of
them.

In the  f o l l o w i ng  discussion , it will be necessary to
distinguish bet wee n those organizational structures and
in er a ct i o n al  ca p a b il i t i e s  im ço sed on the  d o c u m e n t a t i o n  by the
author and adhered to by the user , and those provided for  and
enforced by ‘the documentation delivery system itself.

Consider , for example , a reference in a paper document. It
w i l l , typically, be either a precise paqe or section reference in
‘the document or another volume , or a subject reference. The
rea der , in following the reference , must find and tur n to the
ref~ :enced paqe, and , in the latter case, must first resolve the
subject reference to a page or section number  by consulting an
index. This is a time consuming and potentially error prone
procedure. Comp u te r i zed  documen ta t ion  can provide the abi l i ty  to
instantly “lump ” to the referenced information. The searching is
done f or, not by, the use r, who need never be aware of where the
referenced material is physically located. Many of the research
problems which we are addressing involve the development of means
to shift the responsibility for accomplishing such tasks from the
user to the documentation system.

Tradi’ional paper documentation provides useful paradigms
for a rich set of organizational structures and interaction
capabilities. The central role paper still plays as an
information mediu m is responsible for behavior s and expectations
on the part of its users that must be dealt with in the design of

-: future documentation systems. Hence paper serves as a benchmark
and point of departure for the information presentation
techniques we are investiqatinq.

—7—

L - ~—
_ _ _ _ _

4—,—’ —4-- L_.~_.... _ _ _ .  , ~~~. ——‘4-—- ‘4-4..4.. 4 —4. L.. — —-— .-‘-~ -~~~~~~~~~~~ 
‘“

~~~ ~~~‘



‘ _ _,_~ _~ ‘4~ __~ ~~~‘ - -~~~~~~~~~~~~ ---- - -‘-~~~~~~~~~ - -

The wor d “manual” is derived from the Latin manuale —

something that can be held in the hand. As such , the paper
m a n u a l  is a compact  and convenien t  package for  technical
information . Although s~andard data types (e.g., English
language text) have arisen through conventio n , the
two—dimensional information carried by the printed page, and its
f o r m a t , are l i m i t e d  only by pract ical  considerat ion s:  the manua l
should not be unwield y in size or contain excessively complicate d
or dense i n f o r m a t ion , w h i c h  may  be hard  to read or u n d e r s t a n d .

An individual manual is orqanized as a randomly accessible,
ordered set of ident ically sized paqes , possibly interspersed
wit h overs ized fo ldou t s .. The author may segment verbal and
pictorial  i n f o r m a t i o n  into sections, chapter, paragraphs,
sentences, tabl es, char~ s, schematics, drawings , and phot ographs.
Arbitrarily complex cross referencing schemes may employ indices,
tables of contents , and inline references.

A page is its own display; the reader ’s hands, perhaps
holding a pen or pencil , are the  onl y “in te rac t ion  devices. ”
Paper is unique among present documentation in tha t , barring
external references to other material , it is completely
self—contained. As is the case with other static media , its
physical organiza’tion and display format are inextricably
i n t e r twined .  I n f o r m a t i o n  stored on a page is displayed on tha t
pag e — “ w h a t  you see is what  you get. ” Only automated (computer  H

based) media which inter pose processing power between the stored
information and its display can reformat information and conceal
the details of its actual location from the user.

Travel l ing  th rough  i n f o r m a t i o n  provided by a paper manual is
ent i re ly  up to the user , who may adapt  any  of a var ie ty  of
approaches as appr opr i a t e :  H

• reading “from cover to cover” or reading sections of text
in a prescr ibed (not necessarily linear)  order ,

• fo l lowing  procedural ized checkout or t roubleshooting
sequences ,

—8—
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• skimming through 4ext , illus’rations , ‘ables of contents ,
or indices,

• lin early thumbing /flipping t h r o u g h  i ts  pages.

• direc t access “j u m p i n g ” to a r e fe renced  p i q e  t h r o u g h
i n f o r m a t i o n  p rov ided  by  an in l ine ’  i & f e r e n c e , concorda nce ,
or index , or

• referring to another volume .

Intimately associated with travelling is the activity of
“bookmarkinq ” important pages for future reference. This may be
done by the user or may be provided for by the documentation
itself via thumb indices , tabbed inserts , or colored pages. The
chapter headings , page numbers , and even the “feel” of the manual
when opened to ‘he current page indicate the reader ’s location ,
as well .

Searching for specific information (que rying) a paper manual
is solely the use r ’s r e spons ib i l i ty  and  m a y  invo l ve :

• looking for informa ”ion that is known to be in a particular
place ,

• looking for  a section that is know n to he somewhere in t h e
m a n u a l ,

• lookinq for information that is only suspected to be in the
m a n u a l ,

• asking wha t  t h e  m a n u a l  c on t a i n s , or

• ask ing  where  in the manua l you ar € , where  you  have  been ,
and (by looking  ahead)  wher e  y ou w i l l  be — y our  i t i ne r a r y .

In searching,  the  user re l ies  upo n the  m a n u a l ’ s s t r u c t u r e ,
es tabl ished by i t s  s egm e n t a t i or  into chunks of information linked
‘ogether  by w h a t e v e r  c r o s s - r e fer e n c i ng  or i n d e x i n g  t h e r e  is.
Because paper is a static medium , a manual may be hierarchically
orq anized  in only one way  ( f r c m  cover to cover) , even t h o u g h  the
i n f o r m a t i o n  t hat it con ta ins  m i g h t  conce ivab ly  be ordered in a n y
of a n u m b e r  of o the r h ie ra rch ies, some of which  m i g h t  be be t te r
suited to the reader ’s current needs. In addi’ion , here is no
way to f i l t e r  out  i n f o r m a t i o n  t hat  is e x t r a n e o u s  to the search.
The reader  who is r e fe r r ed  to several pages in t h e  m a n u a l  mus t
ac t ive ly  ignore st r r o un d i nq  paqes and unneeded  p o r t i ons  of the
reference d pages .

- —
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A n n o t a t ion is t h e  p r inc ipa l  m e t h o d  by w h i c h  a user (as
opposed to the system) personalizes a document. The annotation
capabilities provided by paper are particularly flexible
(assuminq the user is allowed tc mark up his/her own copy, of’en
proh ib i t ed  in a o ne—co py—per - shop  e n v i r o n m e n t ) .

Since ir f o r mat ion  is stored  as ink  on pa per , the user may
make m a rg i n a l  c cmm e n t s ,  circle , underscore , point , cross out ,
(r e )wr i t e/ dr aw .  ~the f o r m  in whic h annotations appear itself
provides informat ion and can be u sed t o  d r a w  distinctions:

• h a n d w r i t i ng  —— The s ty le  of h an dw r i t in q  d ist inquishes
between different annotators or different intent /mood on
the part of the same annotator. Curs ive  m a rg i n al i a  way
cont ras 4 w i t h  bold pr inted warnings .

• color —— Color codinq may be used to clarify signal paths
in a schemat ic , group  log ically related subassemblies , or
emphas ize  i m p o r t a n t  i n f o r m a t i o n .

• shape —— Underscoring, circling, boxing, pointing , and
shading may each be used for different effect.

• size — The relative size of an annotation might indicate
its importance.

Note that the annotator and reader maintain responsibility
for i mp a r t i ng  m e a n i n g  to the a n n o t a t i o n s when t h e y  are created
and read. In addi t ion , anno ta t i ons  are not checked for
consistency and  are in no way integrated with the information to
which they  refer , except insofar  as they are overlaid on it. It
wou ld be more proper t o  say t h a t  t h e  anno ta t ions  are associated
w i th  the display fo rmat , thou gh  they  m a y  have been in tended to
refer to t he  i n f o r m a t i o n  being displayed (“ w h a t ”  is being said)
wi thout  regard to its manner  of presentation (“how ” it is said) .
Suppose that the reader circles a reference to a testpoint in
red. The in ten t ion was to i n d i c a t e  an i mp o r t a n t  reference , but
the page only  bears a line tha t  was d rawn  about a collection of
marks representinq part icular words. The reader must be aware of

-

‘ 
the annotato r’s intentions and remember what the red circle
siquifies.

I n k — o n — p a p e r  anno ta t i ons  are not selectively v iewab 3 .~ , and
may only  be propagated  to  revisicus of t h e  annota ted ma tc r i a l  by
lenqthy  and error prone hand  copying.

-10—
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A t t e mp t s  to personalize a paper manual’s presentation
typica l ly  involve the creat ion of d i f f e r e n t  versions for  va ry ing
skill levels, or the hand assembly of relevant short sections in
a looseleaf b inder  or packet  to  suit  a pa r t i cu l a r  job. (See the
discussion of the  “con t ro l  work  packa ge ” concept in Append ix
A. 1. 3).

Microform is the most popular  a l t e r n a t i v e  to paper. Its
primary advantages are compactness , which makes it easier to
store and distribute; simple and rapid updating, eliminating the
need to apply individual page changes at the maintenance level;
and reproduction costs lower than those for comparable paper
documents.  Since it is a newer technology,  there has been
greater standardization of formats , and better configuration
control .

A s ta t ic  2—dimens ional med ium , microform is typ ica l ly  used
to provide photoreduced copies of o r igina l ly  paper—based
documen’ation. Consequently, microform users in te rac t  wi th  the i r
documents  in much the same way as they  do with paper , with two
notabl e d i f ferences:

• A c lumsy e lec t romechanical  reader mediates between the user
and t he  document , serv ing  cnly  to enlarge and proj ect the
images it contains, without providing any processing power
(some sys tems have indexing  faci l i t ies tha t  a l low au toma t i c
retr ieval  of a f r a m e  whose n u m b e r  is entered by the user) .

• The annotation capabilities of paper are completely lost,
except i n so fa r  as reader/pr in ter  hard copy may be marke d
up .1

A d d i t i o n a l  disadvantages include the fo l lowing:

• The need for index ing  is more critical with microform
documents , since the user cannot view them without the use
of a reader .

• Photographs do not reprod uce well in general.

• IBut  note tha t  none of the printers we saw in the electronics
shop on the aircraft carrier were operational, a source of
considerable f r u s t r a t i o n  to technicians.

— 1 1 —
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• Color , which is used in certain types of manuals , is very
cost ly ‘o rep roduce , and  t h e r e f o r e  r a r e l y  used.

• Some kinds of information , such as w i r i ng  d i agr a m s , which
span multiple “pages” do not lend themse lvt~ to the medium ,
since most display devices can show only a paqe at a ime.

• Reader/printers do not offer adequate frame to frame
correlation for copies of continuous multi—page material.

• “Page flipping ” can only be accomplished in a clumsy
f a s h i o n .  A u t o m a t e d  readers tend to over or undershoot the
location of a desired frame.

• One cannot have the equivalent of several m a n u a l s  open side
by side.

• The d isplay devices are  not yet portable or rugged enough
to be used in hostile environments.

• Like paper documenta tion , all information is static .

However , m i c r o f o r m  is not - jus t  a new way to economical ly
store the same m a t e r i a l  as paper. Novel d i sp lay  f o r m a t s  could
take advantaqe of the large two dimensional information plane

— presented by fiche. For example , a t roubleshoot ing  sequence
could instruct the user to proceed vertically down the fiche , for
hig h level troub leshooting , and horizontally across for
i n s t r u c t i o n s  required for in—dep+ h analysis. The horizontal
strip can contain full sized schematics and charts, too bulky for
inclusion in a paper manua l  ( though maneuve r in g in a schematic
can be difficult because of the reader ’s fixed sized display
window) ,. This layout scheme was used in 4he Army ’s MICRCM
program for Field Level manuals employed in missile component
checkout (Hes s, 19691.

_~~~~~~~~ 2M.1_A UdiQ~~~~~J ~ .Â.A~~~j~

A l t h o u g h  t r ad i t iona l  aud iov isua l aids , such as film , slides,
and audio recordings , have been used successful ly  in t r a i n i n g ,
unsatisfactory results have been achieved in maintenance and
repair experiments. An e xp e r i m e n t  re ported in (E l l i o t t , 1966 1 is
typical. Successive index cards containing proceduraliz€ d
troubleshooting information were presented to subjects when they
entered ‘he number of each desire d card into an electromechanical
retrieval device. The number of the next card was determined by
the result of the  tests ordered by the previous card selected.
Members of one group received the card itself, members of the
o-’-her group were read the information that it contained (with the
option to have t}~e whole card reread from he beginning as many
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~imes as requested) . The audio group fared significantly worse ,
spending more time and making more errors.

One possible exp lana t ion  for the inferior performance of the
grou p  provided wi th  the audio  documenta t ion  is tha t  the
information itself was poorly suited for audio presentat ion.
However , because of the technolog y available at the time , the
audio group was at an unfair disadvantage: the spoken repetition
of an ent i re  card was an inadequate  subs t i tu te  for  t he  rereading
of isolated words and ph ra se s possible for  those who rece ived
w r i t t e n  i n f o r m a t i o n .  Audio  group members had to was4e ‘-im e
l is tening to pa rt s of the in s t ruc t ions  t h a t  they  already
understood if a repetition was requested , and may sometimes have
f a i l ed  to request needed repetitions as a result. Similar
pro b lems could occur in the  presenta t ion  of a n i m a t e d  p ic tor ia l
data via film or videotape. For exampl e, a desired frame of a
f i l me d a n i m a t i o n  m i g h t  only be reached by watch ing  all the
preceding material.

The l a rqely  sequentia l  “lockstep ” presentations usefu l  in
t r a i n i ng  won ’t s u f f i c e  for  maintenance and repair activities.
Traditional audiovisual media do not by themselves provide
adequat e facilities for the quick random access needed in
proceduralize d tr oubleshooting to move both bet ween and “inside
of” selected st eps. Therefore , most approaches to structuring
and qu ick ly  accessing a “t roubleshoot ing tree ” database of
aud iov i sua l  m a t e r i a l s  use computer ized re t r ieval, even th ough  the
“leaves” of the tree are t rad i t iona l  media. 2 Despite the  use of
traditional media for information storaqe , the resulting system
would be a computer—base d hybrid with none of the sophisticated
faci l i t ies  proposed in Section 3. 1.

2Examples of such systems may be foun d in r SALT, 19791. Even
standar d Kodak “Carousel” slide projectors may be ordered with a
microprocessor controller for random access.

_____ - 
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A D V A N T A G E S  DISA D VANTAGES

. Reliable • Excessively b u l k y  in quan-
t i t y

• Simple • D i f f ic u l t  and expensive to
distr ibute and update

• Familiar • Limited structuring facili-
ties

• Self—contained , individual • Static, inf lexib le, noncom—
manuals are h ighly portable versational presentation —

• Rich anno ta t ion  faci l i t ies

• Cheaper to reproduce and • Bulky, clumsy reader/print-
dis t r ibute t h a n  paper ers often mal func t ion

• More compact than  paper • Only one page at a time is
viewa ble

• More easily updated in the • Printers  don ’t handle multi-
field t h a n  paper page schematics well

• No annotation facilities
• Photographs and cont inuous

tone art reproduce poorly
• Static, inf lexible, noncon —

versational presentation

~r~~ itiQJ~ J1 Au di__isiaLJ~ ~~~~
• Exploit sight/sound • Clumsy electromechanical

L 

systems are f a i lu re  prone
and expensive

• Audio can obviate eye con— • No smooth “g ive—and—take ”
tac t interaction

• A nimation can better i l lus— • Inadequate  faci l i t ies  for
trate time—varying phenomena random access retrieval

Ta ble 1: A Com parison of Existing Documentat ion Media

— 14—  
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In t h i s  section , we present t w o  pro-j ects which  wi l l  serve as
the focal poin t s  for  our a u t o m a t e d  technical  docuaenta - ’-ion
research:

• he development of a computer based medium for the storage
and presentation of technical documentation. This involves
experimentation wit h forms of structure and presentation.

• an investigation into the relationship between design ,
training, and maintenance and repair. This relationship is
important in that it s’:onqly affects ~he form of a new
technical  docume ntation me d ium , both in the interaction
modes it should suppor t , and in the way it is ultimatel y
used (e.g., for traininq, maintenance and repair , or both).

~.1 CQmPIIteI ~~~~~~~~~~~~~~~

We propose t h a t  the  development of a compute r based
technical  documenta t ion  medium could eliminate or reduce problems
of paper vol ume , distribution and update , inflexibility, an d lack
of structure. However , a radically new medium whose ultimate
goal is the large - scale replacement of paper must:

• provide an improvement in user capability over paper
m an u a l s ,

• be p or t ab le  and ruqqed enouqh for use in potentially
hostile environments,

• be easy to use and require minimal user training to
operate, and

• inclu de too ls for low—cost creation and production of new
technical documentation.

Most of these goals will require significant research and
development to achieve. The ccmponents that will comprise this
new electronic medium are intended for development in a ten to
fifteen year time frame. It is doubtful whether paper can be
comple4ely displaced by any new media within this time period.

Since a user ’s attitude towards documentation i, in large
measure shaped by prior experience with conventional media (most
often paper books) , an e f f o r t  is made herein to suggest new
capabilities that might be provided by compu ter based media.
However , many  of the exis t ing  modes of access of paper
documentation should be retaine d , because of their familiarity

— 15—
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and essential s imp l ic i ty .  C lea r ly ,  a successful new med ium
should merg e these convent iona l  access modes wi th  new ones tha t
conve y information more effectively..

One way of determining the optimal combination of new and
old characterist ics is through experimentation. In the following
pages we sketch the high level architectur e for an experimental
technical documentation delivery system of the future that will
serve as a point of departure for our research. The functional
capabilities of the architecture will be presented, along wi’h a
set of research questions that will provide the basis for
experiments within its framework. The reader should keep in mind
that not all the technolog y needed for such a system currently
exis s — considerable extrapolation of current t echnoloqy is
imagined. -

The reader is referred to a specification for the design of
a technical docum entation system for the Arm y, that makes use of
available technology fGurwitz , 19781. Many of the ideas of that
system are expanded here. In fact, that system could be thought
of as an “interim ” technical documentation system (in the sense
of (LBG , 19761). However , where its capabilities were
necessarily limited by available technology, the system described
here is not.

A second proposal for a computer based technical
j  documentation sy s tem is presented in an excellent report prepared

at the same t ime  as ours for  NTIPP by Behavior  Technology
Consul tants , Inc. (BTC) Iyr az i e r , 1979). The proposed BTC system
would use a small mini— or mic ro—com pu te r  based t e rmina l  wi th
high quality graphics capabilities, loc al memory, and magnetic
disk mass storage. The ‘-erminal could communicate with a central
technical documentation arch ival computer , but is designed to
operate primarily in a standalone mode. User interaction would
be accomplished with a specialized function keyboard for input ,
and a combination of CRT and other medium to high resolution
graphics output devices. The design emphasizes the use of
existing technology (microprocessors , disk storage, CFTs) in a
semi-portable device (weighing 80 pounds)  for presenting
primarily procedural technical data with backup reference
information.

While we are in basic agreement with the aims of the BTC
system , we feel t hat their discussion underemphasizes several key
issues:

• Though their system is targetted for the mid—1980’s Navy,
the time and effort required for thE development of system
software and the creation of documentation suitable for the
system ’s presentation capabili-’-ies, makes the deployment of
practical shipboard systems by the target date seem
overoptimistic.

_ _ _ _ _  
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• The BTC report makes little mention of the problems
involved in creating documentation designed to take full
advantage of tbe  new medium. As stated in section 3. 1. 4. 1,
the creation of a structured database for a large volume of
text and graphics that is easily accessible is a difficult,
resource intensive prcblem.

• No consideration is given to the size of digital databases
required for supporting sophisticated presentation of
technical documentation. This is an especially serious
concern given the expected explosion in size due to
increased graphics content of the new documentation and the
use of existing storage technology.

As part of our research strategy, a testbed system will be
developed. Thoug h it emp loys  technology similar to that of the
proposed BTC system , it will be used to explore sophisticated
techniques such as animation , annotation, personalization, and
nonsequential travelling that were not considered in their
report. However , this testbed should not be construed as a
prototype of our proposed technical documentation delivery
system , but  r a the r  as an experimental  vehicle for  develo ping
answers to research questions which will be refined and augmented
as our research progresses.

3.1.1 TESTBED SYSTEM

The experimental system to be used as a research vehicle
represents a laboratory microcosm of the problems to be faced in
the development of the future technical documentation delivery
system described in the next section. The testbed will initially
be built wit h existing technclogy: midi— and minicomputers with
magnetic disks for doc ument storage and processing, and color
raster qra pb ics equipment with conventional interaction devices
(keyboard and data tablet). It will havE many of the database,
interaction, and presentation characteristics described in the
following sections. The testbed system will enable us to
experiment with these techniques and devices, and add new
capabilities as our research progresses (e.g., an optical disk
for compact mass storage, a touch sensitive display and voice
input/output for more natural interaction , and advanced
annotation facilities).

A major problem to be faced in the developmen t of the
testbed is the initial selection of a database w ith which to
experiment. Initially, a small (500—1000 page with approximate ly
100 pictures) database derived from existing Navy technical
manuals is contemplated. The problems we will encounter are
typical of those involved in retrofitting existing technical
documentation to a new medium (see Section 3.1.4.3):

— 17—
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• selection of an experimental database which is both
representative of Navy technical documentation and
extensible ,

• determination of a transfer strategy whic h will make full
use of the testbed’s structuring and presentation
f acilities,

• capture of text and pictures in machine readable form , and

• imposing structure on the database.

3.1.2 FUTURE SYSTEM : CHARACTEBISTICS

The main function of the future technical documentation
delivery system is the storage and access of a large amount of
structured technical informatic t in the form of text and graphics
in a r b i t r a ry  combinat ion (see A p p e n d i x  A .2. 3) . The inclusion of
annotation facilities means that it is not simply a read—only
device inter preting a “canned” technical documentation database ,
but rather allows the technician to “mark up” the docume ntation ,
as he or she would pape r technical manuals.

The system should be able to operate in a stand—alone mode ,
with a self—contained database that comprises the equivalent of
one or more technical manuals, held on some removable storage
medium. In addition , it should be able to operate as an
“intelligent terainal” which could be connected to a central
database of technical information. This might be a shipboard
technical library or a more centralized land—base d archive
connected to the ship by satellite link,. In this mode , a
technician could “plug in” to the central database and receive a
“package” of technical documentation that could be buffered
locally for use during a particular maintenance and repair task.

The unit should be small and li ghtweight , for easy
portability. It should be battery powered and rugged enough to
surv ive in a hostile environment, such as the boiler room of a
ship. A high resciutio n flat panel color displa y could serve as
the output device. Input devices might include a touch sensitive
interface, over laid on the d isplay, for picking and drawing.
Depending on the level of sophistication of the input
capabili t ies desired , a keyb oard  might  be included. Typically
however , a sim p ler input device for limited a lphanumer ics  or
voice input would be needed for interacting with maintenance and
repair data. Most of the user control and data access functions
could be accomplishe d using simple menus with selections
indicated by picking or voice input. The device would contain
one or more local processors, fast primary memory, and accomodate
some removable secondary storage medium (e.g., magnetic or
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optical disk). An I/C— port would allow connection to remote
pr ocessors  or the  cen t ra l  database .

The scal€  of the  u n i t  envis ioned here is e x e m p l i f i e d  by L
Xerox P A R C ’ s Dy nabook  pro jec t  ( L R ~ , 1976 1,  who se goal is to
develop a portable personal computer for general information
needs.

3.1.3 FUTURE SYSTEM: M E D I A  R E S E A R C H  PR O BL E M S 3

3. 1. 3. 1 Interaction Modes

The sy stem should accomodate three major  interaction modes:

• Free format t r a v el l i nq/ q u€ r y i n q .

If the  user is Jookinq fo r  general i n fo rma t ion , provision
should be made for prese t~~inq and choosing possible paths
for further exploration at each step, narrowing (or
broaden ing)  the  search w h e n  necessary,  and making note of
topics of interest that must be momentarily bypassed. On
the  other hand , if specific information is desired , the
user should be able to access it quick ly  wi thout  the nee d
to ted ious ly  retrace th e  same h ie ra rchy  by which it may
have originally been found.

• Proced uralized chec kout and troubleshooting sequences.

The user can be guided t h r o u q h  maintenance  procedures whose
specific order  of p e r f o r m a n c e  is i m p o r t a n t .  The mater ia l
nex t  presented may be dependent  on evaluat ion  of the user ’s
responses.

• T ra in ing .

Tutor ials , pract ice problems , and graded test questions
muc h like those of pre sent C o mp u t e r  Aid Inst ruct ion (CA l )
systems, such as the Universit y of Illin ois ’ PLATO sy stem
(Suqarman , 19781, require  facilities similar to those
needed for proceduralized maintenance and repair. The

3The problems discussed herein include both those that we intend
to tackle ourselves , and those that must be solved by other
researchers before a system with the proposed abilities can
become a reality. The word “we ” is used in some places to
indicate which parts of particularly difficult problems we will
approach.
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documenta t ion  system could be use d f rom the  s tart  in school
t r a i n i ng ,  i n i t i a l l y  to ins t ruc t  the technician in its own
use. In addi t ion , t r a i n i ng  sequences provided onboard
could al low technicians to  acquire the lob skills needed
for promotion , withcut leaving the ship.

3.1.3.2 Data Types

A variet y of data types must be supported by the technical
documentation tocl. Their choice, based on the database to be
presented , will determine the internal data s t r u c t u r e  and
presentation techniques required. For example , text , which may
be represented by a string of 8-bit codes, requires much
different processing than a vector stroked line, or a raster
representation of the same line. Differentiating between these
data types permits them to be handled in a computer system in a
way that is optimal for each representation.

Based on o~ r investigatio n into the content of military
technical documentation (see Appendix A) , we have identified the
following potential data types:

• text,

• 2—D line drawings ,

• 3—D line drawings ,

• bit map raster drawings and photographs,’

• soun d cues, and

• refere~ces.

These primitive data types can be grouped in collections or
structures:

• A ~~~~~~~~~~~~~~ could be defined as the information needed for a
single static display, analcqous to a page in a book. This
migh t consist of combinations of text, graphics, etc.

‘Ras ter displays use arrays of bits, called “bit maps,” in which
each picture ele ment (“pixel”) or distinguishable point on the
display corresponds to several bi ’-s in memory. This data ,
typically 4— 12 bits per pixel , determines brightness levels in
mon ochrome systems, and hue, saturation, and brightness in color
syste.s. The bit map can also be treated as individual 1-n bit
planes into which data can be written or read separately. For
more information, see ( New man, 1S~9i.

— 20— 

- -
~~~~~~~~~~~~~~~

- -~~~~~ -~~~~~~~ -~~~~~ _ _ _ _  _ _ _ _ _ _ _ _



- -_~~~
% - .- -

• A ~~~uence m ight consist of a qroup of ordered frames which
can be accessed one af er a n c t h er , for purposes of traininQ
or proceduralized instructicn .

• An ~njm atio~ might be a sequence of ~~~
- or 3-D graphics that

could be run toq~~ her tc give a mo-ticn pict ure effect. 
—

• A ~Dcument could be a logica l ly  coheren~- u n i t  con ta in ing
a r b i t r a r y  p r i m i t i v e s , st r u c t u r e s , and references both
i n t e r n a l  4 o it~~€ l f  and t c  other  documents .

• A ~atab~ s~ (see Section 2.1.3.3) would  be a collection of
documen t s  and t h e i r  cr c s s— r e f e r en c e s , t r ad i t i ona l ly  an
ordered sequence , a hieiarchy, or a directed graph.

The selection of a powerful set of primitive data types and
struc-ures and the developmen~ of efficient methods for storing ,
processing, and presenting them is a malor near and long term
research problem.

3.1.3.3 Database Structurc

There are two levels of database structure present in our
hypothesized system , both of which will req uire substantial
research.

— The ~~~~~~~~~ ( i m p l e m e n t a t i on )  s t r u c t u r e  is the way in which
(collections of) primitive data types are physically stored and
cross— referenced. Of primary concern here is the development of
encoding formats that provide efficient and flexible access to
i n f o r m a t i o n .

The internal structure is transparent to the user, who
perceives only the e~teznal structure : the way in which the
interaction facilities provided by the system combine to produce
the user ’s mental conception of the data with which he or she is
interacting. This user—perceived external structure m ust be easy
to understand and maneuve r  in , while providing as much power as
possible. These goals o f t en  seem to be at cross purposes; their
resolution will te necessary tc create a system tha t is useful ,
as well as usable. The more general the structure, the more the
possibil i ty for confusion .  If a sys tem is not comfor tab le  and
n a t u r a l  to use , it wil l  not  be used. A Boeing Company study ,
conducted to gauge the readability of the technical manuals then
in use , showe d that 16% of the aircraft mechanics questioned

~~~~~ u s€d t echnica l  manua l s  [J ab lon sk i,  1971).

Brown U n i v e r s i t y ’s File R e t r i e v a l  and Ed i t ing  System (FRESS)
[ v a n  Dam , 19751 a nd M I T ’ s Spat ia l  Data Management  System (SD M S)
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[Bolt , 1979; Herot , 1 79) evidence two d i i ~~ -rent a p p r o a ch e s  to
e x t e r n a l  d a t ab a s e  s~-r u c t u r c .

FR ESS , a t e x t  m a n i p u l a t i o n  sys t em w i t h  i n f o r m a t i o n  r e t r i e v a l
capabilitio~ , allows its users to i m h -d s~ ructurinq inf ormation
(known as “hypertext ” [Nelson , 19 7L~)) in their data and
manipulate this structure as they weuld normal text . flyp~-rtextma y consist of hierarch ical liec ks , cross —iclex t nces , an n o t a t i o n
tags , and  k e y w o r d s  t h a t  can be Ep e c i f i e d  in Boolean expressions
for retrieval. Thus , ¶ he i n f o r m a t i o n  can  be st r u c t ur e d  as an
a r b i t r a r i ly  c o m p l e x  “d i r ec t ed  q r a p h ”  w h i c h  suppor t s  i n f o r m at i o n
re t  r i e v al  in a d a ta b as e  of ~ ex t  and l i ne  d r a w i ng s .  The aP i  l i t  y
to m a n i p u l a t e  t h e  st r u c t u r e  l i k e  a n y  o t her  i n f o r m a t i o n  in the
s y s tem  gives  t h e  t e d  a p o w e r !  ul w a y  of t r a ve l  lin q t h r o u g h  th e -
da tabase .  By p r o v i d i n g  i n f o r m a t i o n  h i d i n g  capabilities (s& c
Sect ion 3.1.3.5) , t h e  st r u c  u i  c an  b . u~ ed to guide users
through the data in  an  a c t i ve  w a n n e r , p o t e n t i a l l y  u s e f u l  f o r
pr o c e d u r al iz e d  t r o u bl e sh o o t i n g .

SDMS structLues qraphic al and aural in fo ~~m a t i on  in an —

open—ended “dataland ” which the viewer can &xplore by “flying ”
throuqh it with the aid of sE veral interaction devices . c-blects
in the d a tab a s t -  a re  r e p i t - s en t e d  by g r a p h i c a l symbols  t h a t  a r E
fixe~l in spa t ial orientation with i~~~~~ ct  t o  each  othe r in t h ~ —

data space. A multi- level of detail display allows thE user to
examine the dat a represented l-y t i - c sy m b o l s  t h r o u qh  “ ro om ” and
“ pan ” o p e r a t i o n s .

The database structure problem s t h a t  nee d to  be solved are
c o mp u t a t i o n a l l y  t r a c t a b l e  a nd d e m a n d  no special  h a r d w a r e ;
however , they will require much exp erimE i t a ti on  P e q i n t i n g  w i t h
the earliest stages of our work.

3.1.3.L4 Interaction Devices

Is the choice of i nt e r a ct i o n  devices pu re ly  a m a t ~~ei of
p er s o n a l  t a s te  and p r e f e r e n c e  or a Le  t h E r e  some t h a t  m a k c
possible  an case of i n t er  a~ -~ i o n  that would be o t h e r w i se
unobtainable? We are interested in at f i r s t  u s i n g  c om m e r c i a l ly
available hardware and established alqorithnn to ga uge th e
potential , tradeoffs, and computational load or devices that
exploit diverse aodalities :

• Touch s ens i t i ve  d i s p l ay s  [ Polt , P~771 (e.g., those
m a n u f a c t u r e d  by TSP D i sp l a y  P r o d u c t s , Inc. a n d  E l oor a p h i cs ,
Inc.) can provide a wordle~ r- ap p r o a c h  to  sp~~t i al l y  o r ien t e d
i n t e r a c t i o n  t h a t  is more  natural tha t i  t h a t  ach ieved  w i t h
k e y b o a r d s , k n o b s , s w i t c h es , 01 lo yst i c ks .
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• ~‘haracter 1t ’O o i l i i t i o n  .1 I t l o L ’  thui s can a l l o w  V e t

anne t a t  i on  t 0 Lie iii put  t 0 ill d dat a a I c  oi * o etch
sen si  t ~ y e  d isp lay  a utl st ot  e d,’p i ot e-~-. sed in  t h e  sa m e  f a sh  l. e U

as ~h e a n n o a t i -d tcx~ i t s  it . Fo r e x i U F l i - , t h e  i n p U t
a n no t at  ions could be s c , I 1 l t i  d , t [ ‘n q w i t h  t F e  OL j g j i t a i  t t  x t  ,
i o u  ht ’ o c c u i  ence  ot  s~ - c i t  j e d  w eL ls. H a n d — p r i n t e d  i n p u t
can a t  so he USE d to el iminat e Patch e d k e y p u n c h  l u g  t rom
t o t  ms ( e . g . ,  t h e  “ .~— k i  I i ” t o l . m l  d~~ -t ~t i - ’ t d  in  Appendix
A.  1 • fl t ii Ic d out by ~ e -  ~ v i  ~~e ’  le t  s on n e  - I w i t  h ou  t i eq U i r i ng
t hem t o 1 i i  n how o C I S C  t ypi - v i  i t  c k e y t e ~ rd.

• V o i c e  i i it e i t~~~ es (e .g .  , t ho se  maziu t tottu 1 b y  ATO , Dia log,
and V et  t a x )  t a n  make  ~os~~j l l ~ “b a n ds  t cc -” i n f o r m a ion
i n t e r c h an g e  w i t  bo Ut  c yt  c o n ta c t .  S t U E I I C  - -  - shouid ic- done ci
t h e  v o c a t u l  t r y ,  s y n t a x , and  s e ma n t i cs  a s s o cia t  c i  w i t h
m a i n t e n a n c e  and  I d i t l i  ~r c~- e d u t e s  L O L  ~~~.‘c t  t i c (cla :se- ; et )
eq u i p m e n t .  W h a t pOwe t n r s t  be’ p i o v i d e -d ?  N u c h  rn a i  u t e -naiice ’
and repair w a y  t i g u i t  e nly “wen d a t  a t line ” in ier a c t  i o n
f o r  w h i c h  muc h s in  p 1 e u se I uti ons e x ist t l e a n  t ho se t1~ m a n i c  d
by con~ i n u ou s  s F e e - c t )  u z I *  t s t  an d  i z i g .

U n l i k e ’  h a n d w r i t t e n  or t i - h i n p u t , VO~~e e  t i i t  i t  ac t s h a v e
he  po~ en t i a I t o  a t  ic a 1.1 y in I u n ce  he - I I u c  I ure ot

f u t  u t i  d o c u m e n t  a t  i n. At I I 1 st  , v o i c e  ca t i  t o  u~~c - j as an
al~- e r n a t  o m e an s  ot  t - o w m u i t c c ~ ~n g  j u t o rn i at  i ou  l o  ee-e t - who
a re less c o r n i e r  t a P l e  w e t h  w r i t t e i t  inst~~uct i on s , and tot
p r o v i d i n g  p a m p  en at c~ p lug sinii-le commands . V o i c e
( a n d , m ore qe t ie  j a i l  y , aci d i o) m t  c i t  a c E S  co u l d 1 at  t i t  else a
t o  cent i n u o u ~~ly m e n i t o t  t h e  m a i n t e n a u t-  a n d  e p a i r  pi OCt 55 ,
o t t  e r in q  ( u n s e t ic~ t e d )  e C i  n e t  i y e  l e t  ci back.

We i n t e n d  t o  e c q u i  e a t o u c h  - e - n s l t  j V e  disp lay c -oi ly in  ‘U I
r e s e a r c h , bu t a t a c k  o t  a d e q u a *  c o m p e l  t a t  i ‘i i e I po we an d hardwa :
expense p r e c lu d e  o ur  U Se ~~t h a n d  wi i t t .  ti  i n p u t  an d  y o u  cc - ,
respec: ivt -l y, t o :  the ne t r t e l .  m .

F u t u r e  w o r k  could address  the- following di i t  icul . t p r o b l e ms:

• in  w h a t  W a y s  ca lu  t h e  e q u i  ~ m en t  u n d er  t e s t  /~ p a i r  he-
d i r e c t l y  i n t e r l a c e d w i t h  t h e  d o c u m e n t e t  i o u ?  “ P l u g g i n g  the
problem i n t o  t h e  s y s t e m ” could q e l l . - L a t  e i - d c  by s i t e -
di splay s of ex p ~ e’t cd vc~ us  act  ual  i f l e t S u I e - l f l e 11 s. E a l l
expensiv e , e xba usti vt automated t i - s t i n g  e q u i p m e n t  ( su c h  as
t h e  V e r s a t i l e  & y j o j ij~~~’s 5ho~ Test iS (VAST ) y~ tern use d
aboa rd th e  U. ~. S. l n d e p e ’ n e I e i i c - e ’  I A v i o n  ics , 1q 78 1) be
r cpl aced by y st  em s t h a t  ni  e - a “hun.~ ii in  t he I oo~’” 1 e
handle wha t e V e  r m a n i p u  lot ion and deduction that ha~ not
already bee n automat ed?

• T h e  d o cu m e n t a ~ i on  m i g h t  i n t ’l  ude  p u e q t a m s  l e t  s o p h I s t  i c a t c d
“ i n te l  1 i q en t “ t oc I. C ~ t- d t o  p i t oi m rd la u s  • When
diagnosis is c o m p l e t e , he d o c u men t  at  io n  y~ ~ c-rn could
in t e r f a c e  w i t h  One1 s j  c i t y  t ie ope iat i o n  ot e o n i p 1 i c ~~ t e e i
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repair equi~ ment t h a t  cou ld , for example , t ake  adva n t a g e  of
the  r e gu l a r  2 1/ 2 — d i m e n s i o n a l  l a y o u t  of e l ec tr o n i c ’ sy st  otis.
o rg a n i z a t i o n a l  level  personn el  m i g h t  o n l y  need to  pOsi~~ iOfl
the tool on the  m a l t u n c t i o n i n q  e q u i p m e n t , without having to
u n d e r s~~and it s  o p e r a t i cu .  A ± a~~i l y  of such program
cont ro l led ( m i c r o )  m a n i I - u l i t o r ~ m i g h t  ice envis ioned , each
capable of a variety of ~epair procedur es . Fe: example ,
one such tool mi ght U SC a motorized shaft to prc-ci sely
adlust trimmer potentiometers and capacitors. By storing
maintenance inform a*iov in the equipmen~ unde t  iepai :
i t se l f , compar i sons  of i t s  c u r r e n t  s tate wi th  i t s  u n i q u e
electronic “signature ” could help a s s ule  p r ecise
individualize d repairs. Maintenanc e and repair schedules
m i g h t  also I~e k e p t  in  the equipment and tool. Computerize d
d o c u m e n t a t i o n  can t h u s  Li e a v i t a l  f i r s t  s tep  t o w a r d
m i n im i z in q ,  a n d  eve n t u a l l y  e l i m i n a t i ng ,  t h e  need for
trained human assistance in m a n y  r epa i r  procedures.

3.1.3.5 Disp lay  F o r m a t  and  Pr e s e n t a t i o n  T e c h n iqu e s

The techniques of hiqhliq htinq , information hiding,
a n i m a t i o n , and w i n d o w i n g  can h e l p  m a k e  t h e  i n f o r m a t i o n  presented
by t h e  syst em u s e f u l  and u n d e r s t a n d ab l e  to a wide class of users.
A l t h o u gh , wi t h t h e  excep t ion  of a n i m a t i o n , t h e i r  implementation
is often simple , resea rch needs to h~ done to determine how to
use t h e m  e f f e c t i v e l y .

The re has been much r e search  on and  p r a c t i c a l  e x p er i en c e
with the graphic effects needed to effectively highligh t data in
a display f Christ , 1975; Morqan , 19ti~ ; Norris , 19791. This is
especially i m p o r t a n t  in compl ex , frequently changing displays.
Techn iques  used f o r  qr ap h i c s  h i q h l i q h t i n q  i nc l u d e  b l in k i n q ,
intensification , and the use of color. In summ ary, color seems
to be the best all around hiqh liqhtinq device tor complicated
mate r i a l .  T h e r e f o r e , t h e  tech n ica l  documentation sy s t e m  w o u l d
use a color display.

Attempt s have been wade tc appeal to senses ot her than the
visual:

• Sound cues h a v e  been used for  highlighting in coibination
wi th g r a p h i c  d i sp lays  to re inforce  s p a t i a l  etlects fBolt ,
19 791.
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T a c t i l e  t t ~~ d h . i c k  h a s  l e e - t i ’ e m p l o y c i t o  i n d i c a te ’  t h e  U~~ , 1
po i  i t  ion i i i  i c i i  ~ I ay e - i  t we di t i e -  11: - i c i i i I Oi~~’ %’ I i t - I d  t y
e xt -t n t  i l ug  X ~t n d  Y I o i c c ’s OIl a k i c o t  t h a t  t h e  u s c  1 flht ) V e S t c ’
explote’ i~ ( i t t  ook:;, i~ I l l .

T h e  ni~i i i i  c i i i  t ~e ’U lt  it S l U  ci i~~osi I I q  p i o p t i  high light in g
It’. lii i g t i c  S t I c ’ ill  e t c I e I m i n i  tug the ’ i 1 S ui i~ 1 1 y e t I I t e t  I V t ’ ne SS
( i_ c - . ,  w h i c h  t o h i  l q U e s ;  t o  u s e  when 11 ’t q i ~ t t’~ 

* e l f  c c  I ) .

!_J Q LL~~AS2fl ._Lth1A1J - l

“Information h i d  ing ” i~ t h e  s e l e c t  ~~V e  c ’nc e .u  1 m e t u f  o t
in t or ma t ion i t t  a di  p Ui y , a i t  cli  it iq Ut ’ th a t c O i l  I’ e liSt ci t 0 i e~1 Uc ~~
confusion in a ci ~~W e i e ’d d t i t l d y ,  I c  l i t  1 0 1  t n t  i a t e -  L e t  W i t h  m u l t i  p ie
leve is o dot  a i 1, t i  pm e v md c ke’  v ~~~ c i— p r o t  ec t c- ct access to st i c -c t e l
s ect  ions o t I he t e c u t n e - u t  , en i n  a t i  .u j li nug ~; y - .t  ciii , t e:’ b i t t ’
answe rs to test q u e s t  to i i s or m~~t e r i a l  a ~ t i t d e ’ i i t  i s  i~e t  p1t T ,IL .’I
to handle. ln tou ma tion h i l i  tug can  he i m p l e r t -ute d in se ’y i : t i
w ays. In text c i i j t ’ h u t c s l  s y s t e m s , j u t  otm ,itio!i is i i d . i t ’n by m.iking
smooth ransit ions t e e W e  c i t  s U i i c i l I i I d i I i g i i ’ i ~— h i e l d e i t  t ’ X t  j e ’1 - , A
In gra ph ics system s j11 1 C u mat t e l l  1~ ’ hid le ’it t y m c woe’ ii i ;
selcct ~ d i t e m s  III .1 d i- - play.

~; i- op ii i c a l  u t  t o t  Ut .1 t 1 Oil  h i  11 itq mci y i t  corn I) i n c  ci w it  hi .1 “ 1  Oct 1 c.i 1
pan/zoom ” taci l it y I h i t  e n a l e l c s i  i n  w i g i h i o r v  w i l i c l o W  t o  be ’ p1 .cce ’d
over a part ot the dis~~l i y (e .g., a I . i i g t  b l o c k  l i . t g i . e m )  , w h i c h
is en l a t  l e d  0 1 i i i  t h O W i  i s l o w . As I he di : ;p l a y t  1 j ’o: t ton 1 : -

“zoomed in ~ en , m e t e - l e t . t  t i e d  vie ws o t  t h a t  s ec t  i - t n ot the i mage
pop into Vie w.  1k i S  0 1 0 0 1  c’s .1 “ .‘ 1/.~ B ”  I e c t  , it w h i c h  t h e ’
pse udo—third dim-n ’~ ieil is  l e v e l c t  t i e - f  i l l .  T h u s  con  i i  V e S  ‘

~
‘

use l i i i t or .i 1 10 W i  nq 1 usc ’  1 1 ci 0011 ’ elI t I i t  t Out a sect i on of a
com p lox imag - and st’ I c c  t i Vt ’ ly e l u o e n t ’ t h e ’  i t - vo l  o t d ot  oil he en
she w i s h e s  t o  sc-c . C o n v e r s e’  1 y , ~i t can  i t ’ u s e d t o  p r o v i d e - an
Ove rv ie w c it  a diagram , w h i  i t ’  h i  I i  u t  p e ’ t c ’ z i t  t a l l y  e ’ e ’ li t. L I s i t u q  d et a i l .
It can  a l so  a l l o w  l a r g e ’, com~ i t  x i m o e l t s  ( e . _  g . ,  s ch e m a t i c s )  to It
d i s p l ay e d  on s m a l l  I i c l e ’t ’f l s Wi t lie ’ i i 5 O c t 1 1  j O i 4 l e J  l e  - I I I  ¶ 0  1 ~ m i t t -d

r e s o l u t i o n.

An ex.i m p i  c 0 1 t h is t y p~’ ~ ‘ I i i t t  em it  i o n  hi i e l i  ne t  co ii l ’e ’ Se ’’’ ~ i i i
M I D A S  I G u : w i t z , 1°7~Lt 1, w h i t -h  1~~ t s  U S t ’ I  l o q u c a  h l y  pan and  - - t om
over  t it a n i m a t e d  b I c -to k d i  i~~ I ~% U 1  o t  .t Ui id 0— c ompute i ys I c iii .
2 1 / 2— P  h a s  a lso  hc ’t ’ii L l s e ’ei 0 , i e t t  ~- S  h i t :  .ti c h i C O 1  l y st i n - t u n e d
da~ a in a g r a p h i c s  ~h it  ab a s e  [ D e I t , 1~ i / a l .  I n  ¶ h i  - - appi icot ton ,
the  ‘z C O U i  c i  pa  h i  I i t y was it SOd t e t C 0 V ol  b e t  We en 1 e v - Is i i i  a t i t

s t i ’ u ct n rt d d a t a b a se’ 01 U O i ; t e ’t p i c ’ t U i c ’ : - .

The  use o t j u t  o rrn a t i on hi ~l i ug t c -c hit i q i t t ’s ~ 1 e at  ly depend s o t t

how the d a t a b a s e  is ~;t t Ut ~~ U I C e I , O ut1 s u l - l c c I  i ve ’ly out  how c o m p l e x
the “chunks” of i n f o n m a t  i o n  to  t ic’ d i  s1’l .i yc d ar c , a n d h o w  i f f i O c it  tu
t h e ’  t r a n s i t io n s  bet WOt fl c h u n ks  t h o u  1 1  i i .  A smoot  h “~~~. I f l /~’OOOi ”

____________________________ ______________ —
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f a c i l i t y  l i ke  t h a t  used in M iDAS is visu a lly p l e a s i n g ,  b u t  i s  i t
necessa ry fo i  t he  e t f e c t to be ~ u c e  s st u l ?

e..A~~ a~i~n
Ho w can d y n a m i c  d i s p l a y s , u n k n o w n  i i i  st a t i c  p ap t ’r

d o c u m e nt a t i o n , be et f e c t i ve ly  i nt e q ~ a t e - c l  i n to the ’ system? W h a t
use can be m ade of “cartoon ” ani m a t i o n s , dy namic  p .ut : .
ex p l o s i o n s/ i m p l o s i o n s , sim u l a t i c n s , sc’l e : c t a h l e- ’ V I e W S  et t h e  same
oblect obtained by “t lying around it”?

A n i m a t e d  block d i a gr a m s  could be ust’ l ‘o I l i u st  ta te the-
dy n a m i c  (and o f t  on  a s y n c h  ro no u s)  “h a n  d sh ak  i I t . I ” , on cont rol
i n t e r f a c e  be tween  d i g i t a l  d e v i c e s. M I l ~A S , me nt ione d above ’ ,
ex e mp l i f i e s  th i s  k i n d  of . mn i n i a t i e n .  Can  t h e ’ :. pe ’e ’ if i c.t t ion el
such pictot  ia l  u s c - r — c o n t r o l l e  d s im u l a t i o n s  h u t ’  automated? A
d i q i’a l  s y s t e m may be u n a m b i g u o u s l y  s p e - c i  t i e  ci at  t h e  It vol ot
control and data flow using t h e ’ Ins t r u c t i o n  Set Processor ( l~~h ’)
n o t a t i o n  (Be l l , 1978; Barbacci , 1~~7~)], and the specification
co mpi l e d to p roduce  a s i m u l a t o r .  Rese are ’h co uld I t ’ do ne i n to  the
possibility of automatic ally ge i t t  r a t i n g  an a n i n i a t  eel visualizat ion
of ~he a :-ch it ec t  ure f r o m  i t s  I SP which  could be’  driven by the-
s i m u l a t o r  to d i s p l a y  da ta  t r a i i  11 e t s  and  c e nt  tol  c ’pe ’r a t  ions. Th &
ISP wo u l d  p r o b a b l y  ti cive -t to be e x t e n d e d  w i t h  50th ’ h i gh  level
a n i m a t i o n  p r in t i t iw e s .

3—D exploded views are t ’t  ¶ 0 1 1  use:- d in e-sembly/clisassemhl y
i n s t r u c t i o n s .  A n  a n i m a  ted p u  r t e x p l o sio n  c l i  ag r a  m under  u ser
con t ro l  would  be u s e f u l  in i l l  ust  i a t i n q  t h e  iui t c ’r co t i i i c c t  ion  01
par t s  in a complex  w e c h a u i i c a l  , i s i e n i h  lage ’ . H o w  can suc h h i g h l y
s t r u c t u r e d  a n i m a t i o n s  tee’ s peci t i e-ci? In t t i p o l a t c d  key t ra me
a n i m a t i o n  p r o v i d e s  a l i tsi: . . H ow can the  :-y : - t e ’m s i m u l a t t ’ t h e ’
w o r k i n q  of even  s imple  mechanical components? This is an
i n t r i n s i ca l l y  h a r d  p rob lem.

How r ea l i s t i c’ an d  smoo th do a r i i m a t i o i t ~ h a v e  to h e ?  T h e - n t ’ i s
a wide  s p e c t r u m  of 1- o s si h l l it i E - s b e t w e e n  t h e  i ’ a i n s t a k i n t i  l u l l
a n i m a t i o n s  of t he  old Disney s t u d i o s  and s l o w ly  i u t c i p o l a f e c l , t o n
f r a m e  sequences , such as those :  e m p l o y e d  i i i  t h e ’ Xerox PARC
Supe r p a i n t  sy s t e m  ( S h o u p ,  1979 ]. T h i s  q ue s t i o n  is  ot q ioa t
i m p o r t a n c e , since the  g e n e r a t i o n  of a r bit iai y, smooth, h i g h
reso lu t ion  color a n i m a t i o n s  wcu id  p l a c e ’  t i  emendous d em a n d :-  ( by
today ’s s t a n d a r d s )  on the  s y s t e m ’s comp u t a t i o n a l  power and
storage capaci ty .  The c o m p l e x i t y  et the ’ author i ng tools r e q u i r e d
for c:eat m g  animat ions depends on the leve l o t  so j ’h i  51 i c a t  i-an
desired , as vei l .
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• Wjn~owjna

“ W i n d o w i n g ” r e f e r s  to the d iv i s i on  of a displa y surface into
one or more a r ea s  (“ w i n d o w S ”) i n~ o which  possibly unre la ted
i n f o r m a t i o n  m a y  be mapped.

W h a t  clean w a y s  can be developed for graphically presenting
u n a n t i c i p a t e d c cmb i n a t i c n s  of information? Consider the
technician who requires simultaneous d ispla y of sev er al cha r t s
(separa te pages in one or more manuals). Existing computer—based
so lu t ions  i n v o l v e :

• menu—picking to swap the contents of a single display
windo w,

• mul t i p l e  contiguous window s (such a display would
correspond to a technician ’s spreading out several manuals
f o r  side—by-side reference) , and

• overlapping windows ~hat simulate the clutter of an office
desktop by allowing arbitrarily sized windows to partially
or completely obscure each other under user control
[Teitelman , 1977].

How can a custom “nonce display ” — one that is not planned
for when the documentation was created — be synthesized from
relevant sections of charts , tables, and text, taken from
possibly dispara~ € databases? The user night indicate the needed
information by circling it. If ‘the display is -to be constructed
from sections of several tables , material night have to be
altered in size, reordered/sorted , cr manipulated in other ways
in order  to be effectively integrated. Such facilities will not
be of much use un less  t h e y  a re easy to  control.

3. 1.3. 6 T r ave l l i ng

The kind of facilities provide d for traversing the database
play a crucial role in d e t e r m i n i n g  the  documenta~ion ’susefu lness .

“You are her e” ass istance must  be provided to help the user
ma in ta in  his/her bear ings  in an information-rich environment.
One possibility is a dynamically changing symbolic 2D (or 3D) map
that reflects the layout of the database , indicating the user ’s
current position (Bolt , 1979]. How does one generate a canonical
display of this type from an arbitrary directed graph ?

The user should have the ability to “bookmark” important
locations, leavini a “trail” cf places that may be retraced
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sequentially or accessed i n d i v i d u a l l y  [Bush , 1q45 ;  va n Dam ,
19 75 1. Sy s t e m — p r o v i d e d  t r a i l s  could sm o o t h ly  lea d t h e  t e chnician
through procedura iized troubleshooting sequences.

Like the closely related problems of choosing and imposing a
s t r u c t u r e  on the  d o c u m e n t a t i o n  d a t a b a s e , t h e  a l c o v e ’ will require
much experimentation.

There are other , even more challenging problems whose
sol ut ion could o n l y  he a t t e m ç t e d  wh~ u~ o ur r epe r to i r e  of
structuring techniques has matured. For example , could the
a b i l i t y  be provided to simultaneousl y navigate ’ in multiple
databases? With such f a c i l i t i e s, a tech nic ian  f a m i l i a r  with the
main t enance of one device could ccmpare/contrast it w i t h  a n o t h e r
simila r , yet unfamiliar , device . Incompatible sections of the
two databases might be noted as such and bypassed , while material
amenable to comparison is processed and displayed. Must the
facilities for coordinated parall el t :avel be anticipated and
prov ided for in advance or can  i t  be - done - dynamically, on
request?

3.1.3. 7 Q u er y i n g

The provision of i owerful query facilities requires that the
system should be able to autcmatically present an “index ” of the
i n f o r m a t i o n  a v a i l a b l e  in the database . This a~ tQ~~~jc ~~~~~jfl~
could be menu based , presenting m a l o r  top ics which  could then be
broken down into subtopics by picking choices from successively
displayed menus. An easy way of travelling to and from the index
and the various chunks of information it references would have to
be provide d ( e .g . ,  t h e  NLS ~r-e walking functions [Engiebart ,
1973 1).

At f i rs t , index en t r i e s  could  be entered by h a n d , w i t h
assistance from tbe authoring tcols discussed in Section 3. 1.4. 1.
In addition , materia l might be indexed for keywords by the system
itself. This approach is already being taken in soft ware running
under Bell Labo ratories ’ UN IX operating system. A collection of
articles and papers stored cnline , containing over 5,100,000
words , was automatically indexE d for all words not among the 100
most common in t h e  Eng l i sh  l anguage .  The r e su l t i ng  19 ,000
keyword s can be used in combination to select a documen t  whose
title , author , or location is unknown ELesk , 19791. IBM ’ s
STAIRS , developed for their recent antitrus t suit and
subsequently marketed commercially, is also used to build such
inver ted f i les wit h a much l a rge r  database [IBM , 1q79 1• As
advances  in A l l anguage  u n d e r s t a n d i n g  are made , the system might
take on a more significant rcle in classifying mate rial by the
conce pts, rather than -just the words , that it con-’-- ains.
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Vital areas for research include the development of
automatic indexing facilities and a means  by which the  sys tem ma y
eng age  in d ia log w i t h  the user  to he lp  d e t e r m i n e  and sa t is fy  his
or her r e t r i eva l  requests .  Both of tLese areas require  -that the
system understand either the document or the user to produce the
best solutions.  Consequen t ly ,  our  i n i t i a l  research will concern
itself w i t h  the s imple  i n d e x i n q  and c lassif icat ion schemes
discussed above and the creation of retrieval dialogs using words
and gestures that do not require research in language
comprehension.

3. 1.3. 8 A n n o t a t i o n

In one electronics shop onboard  the U.S .S.  Independe nce we
observed technical manuals t h a t  had  been ext ens ive ly  annota ted  in

— color with a d d i t i o n a l  t e x t  and d r a w i ng s .  These annotations were
strongly done by the technicians while in school, and later r
during actual repair activities. Thus, the manuals had become a
personal respository of maintenance and repair experience. The
wish was expresse d to us that all technical manuals could be so
anno ta ted , nor lust  personal  copies of training manuals obtained
in school. Our observa t ions  were s t rong ly  re inforced by the
NTIPP  Fle et S u r v ey  of Technica l  M a n u a l  Users  [Hughes , 1978]:

It can be noted here tha t the  p r i m a r y  advan tage  seen by
[technicians ] in having their own set of manuals is the
ability to personalize them by addin g margina l notes
and suppleme ntal data. The primary disadvantage cited
was the added burden of having to maintain their
m a n u a l s  in an u p - t o — d a t e  condit ion.  Approx ima te ly  53%
of the overall sample felt that having to update the
m anua l s  would  be bothersome.  .

In add ition t o the  tech ni cal ma nu als , it was noted
t h a t  at least some of the  mater ia ls  obtained in
t r a in ing ,  as well  as thei r  own supp lemen ta l  mater ia l ,
are required in the p e r f o r m a n c e  of their lob. This is
p r e d o m i n a n t l y  the case fo r  both technicians and
operators.

The provision of quick update facilities (the lack of which
is the p r i m a r y  d i s a d v a nt a g E  of hav ing  one ’s own personal,
personal izable  -documenta t ion )  is a key goal of the future system.

Annota t ion  may not be looked upon f a v o r a b ly  by those who
p roduce the manu als, some of whom feel that annota t ion  is often

j an u n s a t i s f a c t o r y  subsi t i tute  fo r  r epor t ing  unclear or incorrect
mater ia l  and t h a t  it could be obviated by wr i t ing  correct ,
u p — t o — d a t e  m a n u a l s  [ Shihda , 1q 79].  We believe , howe ver , t h a t  no

t documenta t ion , no ma t t e r  how wel l  c r a f t e d , can be all th ings  to
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all people.  A n n o t a t i o n  c a p a b i l i t y  should be o f fer e d  it  it can
help  cla r i f y  m a t e r i a l  f o r  one r e a d e r  when  it is a l ready  more t h a n
adequately clear for most , it it can be provided withou t
a f fe c t i n g  t h e  w a y  o t h e r  u s e r s  see a docum ent , a n d if it is
acco m p a n i e d  by e a s y — t o — u s e  tacili~ ies for reporting actual
d o c u m e n t a t i o n  problems.

How may autographe d user annotations be associated with a
technical  d o c u m e n t a t i o n  da tab ase?  The sort of annotation
facilities required depend on the application. An inquiry needs
to  be made into the kind s of annotation techniques currently
employed in a cross-sect ion of c o m m u n i t i e s  and d isc ipl ines .  W h a t
d o p o ten t i a l  users  t i n d  e s sen t i a l , desirable , or lacking in their
present ‘ools?

Though bitmapped annotations (uninterpreted graphics input
by the user and overlaid on tbe displayed document) provide for
the most freedo m in m a r k i n g  u!-~ a document , an a l t e rna t ive
approach could employ a ‘- mal l , u s e r — d e f i n e d  set of a n n o t a t i o n
primitives (e.g., circles, boxes , and underscores of various
colors), perhaps indicated to t h e  system by appropriately
gesturing at the display or data tablet [Applicon , 1979 1. Such
a n n o t a t i o n s  m i g h t  be c o m p a c t l y  encoded and  i n t i m a t e ly  associated
w i t h  t h e  i n f o r m a t i o n  t o  w h i c h  t h e y  r e f e r . R e t r i e v a l  requests
based on t he  use r ’s annotations would then be possible. For
example , the user could instruct ~he system t o  display all
information circled in blue. c-i annotations might be —

automatically created by the systeir when the user requests that
all occur rences  of a specific part name be circled.

Our experience with FR~ SS has shown that users should not
only be able to mark up a perscnal copy in a smooth and natural
fashion , but should be able to easily compile a digest of
selected informatjcn for fast retrieval by capyinq relevant
sections to a common wor kspace , and ordering/annotating them to
suit.

User annotations ideally should be d y n a m i c a l ly  propagated
(if desired)  w h e n  a d o c u m e n t  is updated . This  is to say tha t
ann o tat ions  sh ould  be assoc ia ted  wi th  the i n f o r m a t i o n  in the
database  and no t  mere ly  w i t h  i ts appearance on the d isp lay
screen. If the system stores an a n n o t a t i o n  with  the section
annotated , then intervening material may be edited w i t h o u t
invalidating the annotation . A s imp le  b i tmapped  overla y scheme
does not hand le  t h i s  problem.  It  words are  shuffled abou t, on or
between pages , the  over l ay  wi l l  be “o ft  register ” — the
annotations and t he  a n n o t a t e d m a t e r i a l  wi l l  no longer be properly
aligned. This p rob l e m is very  d i f f i c u l t  in t h e  general  case ,
corresponding to that of tracking Editing changes in a
manuscr ipt, considered by the Hypertext group at Brown [Elliott ,
1971a1. It is u n c l e a r  how to d isp lay  anno ta te d ma te r i a l  t h a t  is

— itself split durinq update and moved in r I C C C S  to  d i f f e r e n t  pa r t s
of the document.
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Our initial efforts will  concentrate on developing e f f e c t i v e
anno ta t ion  t echn iques  r e qu i r i ng  no semantic analysis  of
anno ta t i ons  or annot ated text , some m i n i m a l  pa t te rn  rec ogni t ion
of basic ge ’~tures made  by the an n c t a t o r , and expe r imen ta t ion  wi th
means of associatirg annotations with specific information in the
database , as opposed to the use of simple t:itmap overlays.

Future research might investigate the possibilities of
a p p ly i ng  ar t i f i c i a l  in te l l igence  techniques  to  the ex t remely
d i f f i c u l t  problem of p r o p a g a t i n g  upda tes  when the wording of an
a n n o t a t e d  S€ct iofl changes .

In addit ion , we w culd l ike to eventua l ly  consider the
feas ib i l i ty  of c h E c k i n g  a n n o t a t i o n s  for  consis tency and accuracy:

• If the  sys tem is t a u gh t  tha t , fo r example , only cer ta in
types  of data  may be circle d in red it should notify a user
who attempt s to misplace a red circle. An “annotation key ”
display could show the user—defined meaning of each
annotat ion pr imi t i ve .

• If verbal annotations are interpreted by the system as
words, rather than meaningless (except to the annota tor)
m a r k s  to be displayed , then artificial intelligence
techniques miqht be app l i ed  to the i r  content to provide
some rudimentary test of their accuracy.

3. 1. 3m 9 Personalized Presen ta t ion

How can the documen ta t i on  sys tem al ter  its presentat ion to
sui t t h e  perceived abilities and skills of its user? By
ana lyz ing  the user ’s responses , the  system might  determine ,
without being explicitly told , default browsing speed , preferred
presentat ion level  of detail , p r o p c r t i o n  of pictorial to verbal
mater ia l  displayed , and even the complexity of information which
the user is able to handle. Such a system will not only obey,
but i n f e r , as well .

How wi l l  us ers react to  a machine  that  is seen as a “Big
Brother ”? Probably  wi th  l i t t l e  en thus iasm.  The user ’s
suspicions and  f ea r s  about  such a p o w e r f u l  tool must be
considere d in its design phi losophy.  The system. must be
configured and introduced as a personable, as well as
personalized , assistant , modifying its own behavior to that of
the user, instead of fo rc ing  the  user to confor m to i-c .

Much work has a l ready been don e at NIT towards the
development  of a system that  pr oduces personalized movies for use
as maintenance and repair instructional aids [Negroponte, 1978;
M a y e r ,  1979 1. A changing  model of the user helps determine the

— 1—



-- 
—-~~~—. --~~~~-- -~ --~ - ----— - -- -—— -~~~~~~~~~~~~ -~~ -

L.

selection of material from a database of static and dynamic ,
s o u n d — sy n c h r o n i z e d  images. A movie  tai lored to the  abilities and
disp lay  p r e f e r e n c e s  of the  user  is generated “on the fly ” ; its
mode of p r e s e n t a t i o n  and level of de ta i l  may be altered by the
user at any time.

Fruitful and extremely difficult areas for research include
not only the analysis of the user ’s responses, but as veil the
development of means for providing diffErent forms of the same
information (e.q., pictorial vs. tex~ ual) . Must the information
be redundantly encoded , as in the MIT system , or could a single
common encoding suffice ? Spatial data , such as a printed circuit
board l a y o u t , m i g h t  be presented to the user as either a verbal
descript ion or a l ine  d r a w i n g  by processing the  same stored data
s t ruc tu re  d i f f e r e n t l y .  A c c m m c n  da tabase  migh t  be develope d
usinq the knowledqe representation techniques that are currently
the ob-ject of research in artificial intelligence [Charniak ,
1976; Goldman , 19~ 51.

3.1.L$ FUTURE SYSTEM : GENERAL I~ESEABCH PROBLEMS

3.1.L~.1 Authoring

New documentation formats with complex structural
i n f o r m a t i o n  and dynamic  d i sp l a y s  will require  a radically
d i f f e ren t  approach to a u t h o r i n g .  Sophisticated sof tware  tools
viii h a v e  to be employed to s tr u c t u r e  the dat abase and create
dynamic  sequences. The del ivered documentat ion might well
incorporate m a t e r i a l  prod uced by the  vendor ’s own computer ized
design and documenta t io n sys tem ,.

Section 3.1.3 describe d several interaction capabilities
that transcend those currently available with conven ional
technical documentation media. In order to make full use of
sophisticated travelling, structure , and presentation techniques ,
documentation must be prepared specifically for the new medium .
If , for exam ple , an existing technical manual were simply copied ,
transferrinq existing text , pictures, and structure, the net
result would be a duplicated database , with little or no increase
in capabilities. For example , microform conver sion programs such
as MIARS advocated the simple photoreduction of existing manuals.
While bulk was decreasec , no new interaction capabilities were
gained. Instead , some , like annotation, were lost. Even in
programs which introduced new manual format s without changing
medium , such as JPA , success depended on developing new writing
skills which took advantage of the format [Chenzoff , 1973).
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A u t h o t s  m u s t  be t r a i ne d  t c  “ w r i t e ” e f f e c t i v e l y  for the  new
m e d i u m , and tools , such as “ a u t h o r i n g  languages ” , must  be
de velope d to aid in t~~ls i n t e l l e c t u a l l y  demanding process. Even
with such tools, authoring will be a difficult, time consuming ,

— and -herefore costly task. The problems encountered in creating
“coursewar e” or lessons for the University of Illinois PLATO
computer aided instruction system are well known [Sugarman ,
1978 1. At Brown University, the development of a highl y
structured database for instructional use in college courses
proved to be a major  intellectual task , demanding creativity,
thoroughness , and the ability to visuali ze and impose complex
structure by hand fStrandberg, 19761. These problems were face d
in a database primarily limited to text; the introduction of
static pictures , let alone animations , complicates matters
con siderably. 

- -

In order to make  possible the  product ion of large amounts  of —

new d o c u m e n t a t i o n , powe r f u l  c cm p u t e r  based tools must  be
developed. Such tools might be superset extensions of the
documentation delivery system cr totally independent of it. They
must provide faci3ities for:

• i n p u t t i n g  and  e d i t i n g  t e x t  and ( d y n a m i c )  graphics ,

• impos ing  s t r u c t u r e  on the  d o c um e n t a t i o n ,

• developing procedural troubleshooting and t ra in ing
sequences,

• p ropagat ing  updates (check ing  consistency and completeness)
and doing version management , and

L 

• i ncorpora t inq  end user f e e db a c k .

Fundamental research must be done to de te rmine  the kind s of
authoring tools needed , as well developing effective means for

- - structuring multimedia information . A beginning can be found  in
the work done in such fields as Ccmputer Aided Instruction (CAl) ,
computer Aide d Design (CAD) , technical animation , f i lm ,
television, and text processing.

3.1.4.2 Integration

Can information peculiar to a particular piece of equipment
(its repair history) be compiled and catalogued by serial number
for access by the technician? Such information , when in
machine—readable format , can be automatically analyzed to
d iscov er patterns of malfunc tion , useful for correcting possib le
design flaws and predicting neede d parts stocks.
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How can the functionality needed to provide ready access to
documentation also be used to:

• request m a t e r i a l s  needed fo r  m a i n t e n a n c e  and r epa i r ,
interface with automated s-tockrocm systems , and record
access to local pre—expended bins. The user might i nd ica te
the needed part to the system which would automatically
report on its whereabouts and , if necessary, requisition
it. The need to know about (and look up) ordering
information would be eliminated , and valuable time would no
lcnqer be lost filling out forms.

• report on the status of equipment under
repair — automatically nonitorinq information vital for
readiness, and repair scheduling,.

• enable the technician to offer feedback on undocumented
equipment problems , repair techniques , and technical
documentation shortcominq s.

• capture utilization statistics useful in determining
technician effectiveness and assisting with accurate
schedul inq .

3.1. L& ., 3 R e t r o f i t  of Ex i s t ing  Docum enta t ion

One of the most d i f f i c u l t  logist ical  aspects of developing a
new technical documentation medium is the problem of creating a
highly structured database. Because of the number of technical
manuals that are currently in existence , and the rate at which
this information grows, the electronic capture and conversion of
this old data to the new mediu m presents a tremendous “retrofit”
problem , separate from the task of creating completely new
documentation especially for the new medium.

The magnitude of the retrofit problem becomes apparent when
two factors are considered. first , existing documentation must
be rewritte n tc some extent to take advantage of more
sophist icated graphics  ca pab i l i t i e s  ( inc lud ing  an ima t ion )  and
re s t ruc tu red  fo r  new access methods. Existing redundancie s
should be removed. Second , -the large number of existing
technical manuals (see Appendix A.2.3) would make a rewrite of
all of them p r o h i b i t i v e ly  expens ive .  The a l te rna t ive, simple
conversion without rewriting for the new medium , only duplicates
the existing documentation without any advantages other than the
potential for rapid update propagation.

An indication of the difficulty and cost of both retrofit
strategies (simple media transfer and rewrite) can be seen in
previous efforts at introducinq new manual formats (e.g., those
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for JP A and F C M M , discussed in Append ix  A. 2. 1. 1),  and new
documentation policy programs such as NTIPP.. In these proqrams
i~ was decided, because of high conversion costs, that the new
formats would primarily be introduced in new technical manuals ,
rather than in rewrites of cld documentation. However, some
selec e~I manuals were experimentally rewritten during program
development.

Given the 10—15 year time frame for the development of this
new ~~dium , the amount of author and user training that will be
required for it to gain acceptance , and the difficult y of the
“conv ersion” problem , it is likely that a comprehensive retrofit
s t r at eg y  cannot  be adopted.  F a t h e r , l ike the new manua l f o r m a t
and policy programs discussed in Appendix A .2.1.1, there will be
a gr adua l  process of deve lop ing  new docnmentation for new
equipment and scme selective rewriting of a few potentially
long—lived or high priority technical manual sets. Thus, it is
unrealistic to assume that any new automated medium will displace
paper in the near future.

3.1.5 TECHNOLOGY ESTIMATE

In order to develop a computer based technical documentation
system with the cha racteristics we have defined , advanced
technology will be needed. In this section, we shall look at
these technology requirement s, and estimate the resources
required: processing power , storage , and graphics hardware. This
estimate is intended only as a rough guide and is made using
cur ren t  t echno logy  and recent technology es t imates  as a paint of
departure.

3.1.~~.1% Processing

The physical compactness of the future system mandates the
- ; use of microprocessors for iccal processing. The tasks which

they must perform include:

• command processing and executive control,-

• input devicE h a n d l i n g ,

• data access from secondary storage,

L • data communication with remote databases or processors, and

H • graphics display processing.
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- The interrelationship of these -tasks is shown in Figure 1.
Note that each functional division may require one or more
processors to achieve the necessary speeds for fast data access
and display. Each of these functions is dEscribed below.

r ——1 r —  -
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Ftqure 1: A Technical Documentation System H
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This function includes central control of the other system
functions through an operating system , and the processing of user
commands .  The processing p ower needed is not t h a t  great  (it
could be handled by currently available microprocessors). The
biggest problem in this area is interprocessor communication.
With such a distribute d architecture , a sophisticated interface
and coordination strategy must be developed..

The low—level handling of the input devices is included in
this function. In addition , more sophisticated input processing ,
such as test editing , voice and handwriting recognition, and pick
correlation would be done here. It is important that input be
kept as simple and familiar to the technician as possible (e.g.,
handwriting, finger pointinq, voice). Depending on the level of
the input processinq, these functions might share the command and
executive processor. On the othe r hand , more sophisticated forms
of input , such as voice , would rcquir€ a separate high—spee d

— processor.

Q~~~~~~ e Acc~~~

The access of desired information from the database consists
of two tasks :  deciding w h a t  da ta  is needed to sa t i s fy  the
request, and transforming it from the format in which it is
stored into a suitable display format. The data structures
required for display are typically very different from those
needed for information s-~craqe and retrieval. Significant
processing is needed for quick transformation between the two
representations. Retrieval might require the application of
artificial intelligence techniques if inference making for
pzocessinq “high level” queries or achievinq personalization is
to be done, O t h e r w i s e , s t anda rd  information retrieva l techniques
could be used. In e i ther  case , the in t e rna l  database s t ruc ture
must  al low for  q u i c k  ret r ieval.

The speed and data requirement s for this function are high.
Typical random access time for a display frame should be no morv
than 1-2 seconds, on the aieraq€. Depending on the level of
encoding of the data , this p rocessor must be ca pab le of
transferring between 5K bytes (character encoded text page) and
iN bytes (lKxiKx8 unencoded raster page) in tha’ amount of time.
For consecutive f ram es of a sequence or an animation , the access

— 37— 

- 
~~~~~~~~~~~~ 

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~j :  _ -__  
_____



- - -- ~~~~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ime must be considerably less than one second. One solution to
this problem is local buffering or pre-fetchinq of a number of
pages or frames at once, in a “wor king set” strategy for
displayinq relate d pa ges of information. This reduces processor
demand somewhat, but increases local primary storage
requirements, which are not forse en to be a problem with future
memor y technoloqy.

~~~~~~~ u cjtj~ij

This functio n provides data transfer from an I/O interface
to a remote database or processor , such as a central technical
library. The strategy for this type of access would be to make
requests of the database, and receive several pages of technical
documentation data to be buffered in local storage for later
processing and display. For example , in the Work Package concept
(see Appendix A.2.1.1), fewer than 30 pages of infor mation would
be required at any time. To access this amount of data in a
reasonable amount of time , a high speed data link would be
required. A iMbaud rate over coaxial cable is easily possible
between points on a ship. The data rates mentioned for database
access also apply here.

Problems potentially arise when animations are used.. In the
wors t case, successive unencoded frames cf r aster data migh t be
transmitted , requiring a 30 Mbyte/sec rate for lKx lKx8 bit
frames. However , already existing encoding schemes make it
unlikely that speeds of this magnitude will be necessary.

~~~~~~~ c j ~~~~~~~r Qc es~jfl~

Graphics presents the highest processing speed demand s of
any of the functions in the system. The display technology
chosen might initially be raster graphics based (see Section
3.1. E.3),. Thus, displays in their most basic form would consist
of bit mapped data. The resciutions necessary for legible, high
content displays require on the order of 1 Mbyte of storage. For
dynamics (such as animation) , the worst cas e would be rewrite of
the entire data 30 times per second, resulting in the need for
processing throughput of up to 30N bytes/second. Currently, the
fastest available microprocessors operate at speeds approaching 1
nips (million instructions per second),. It is estimated that to
support the type of dynamic graphics needed for animations,
10-100 mips processors will be needed (Kay, 1977]. It is not
unreasona ble to assume , given current trends in VLSI technology
develo p ment [ Torrero , 1979), that microprocessors will be able to
achieve these speeds within ten years. In addition , there are
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several factors which mitigate the speed and storage
requirements:

. Encoding of graphics data reduces the size figure-. Text,
for exam ple, is typically encoded in 8—bit bytes. A page
of text containing 60 lines , each 80 characters long ,
requires only about 5K bytes. Techniques such as
run-length encoding (fcr data compression) and scan
conversion (encoding of bit-per—pixel raster data in
strokes stored as x,y coordinate pairs, one for  each
endpoint) also reduce the amount of data to be processed..
However , encoding alters the processing distribution from
sim ple data movement to more sophisticated
encoding/decoding tasks. Specialized fast processors,
built using custom VLSI , could be dedicated to these
operations.

Dynamics do not usually require the processing of the
entire picture bit map. Techniques are available to
isolate the dynamic from the static data , to reduce the
amount of data to be processed in each refresh cycle.

• Graphics processing lends itself tc parallelism. Several
microprocessors working in parallel (one for each plane of
raster data , for example) , can shar e the load.

• A large par t  of t he  da ta  to be displayed is static , and
requires less processing.

3. 1. 5. 2 Storage

There  are severa l  r e gui remen t s  for  s torage technology in the
technical documentation system. A high capacity, rugqed , cheap,
removable  secondary s torage m e d i u m  is necessary for holding
technical  documenta t ion  databases .  This would enable  a
technician to obtain all documentation on equipment  that he is
serv icing in one , easy to use form. In addition to secondary
storage , the technical  documen ta t ion  system would require  large
amounts  of hiqh speed p r i m a r y  memor y  for b u f f e r i ng  of technical
documentation data pages and display refresh.

Q.~ti.ciLQi~

Optical disk technology, which is lu st starting to become
generally available , seems li ke an ideal candidate to fill this
need. Optical  disk technology has  been used fo r  video and
digital data.
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Current videodisks are capable of storing 54K tracks of iN
bits/track. A typical disk has an average access tine of 2.5
seconds per fr ame, with a worst case access time of 5 seconds
(first frame to last) INCA , 1979],. Videodisk systems have
faci l i t ies  for indexed r e t r i eva l  of individual tracks on a random
access basis, as well as ccntinuous sequences of frames for a
television picture (up to 30 minutes per side).

As attractive as the videodisk is, there are several
problems with current implementations:

• They are read only. However , direct read after write and
r e a d — w r i t e  c apab i l i t y  is in the research stages [Kenney,
1 979 1.

• They require a fairly sensitive playing device which
rotates the disk at high speed (1800 rpm). This presents
portability and ruqged iz ing  problems.

• Indexing (random access) schemes need development. There
is currently no way of combining the contin uous and indexed
access modes.

Optical disks designed as a replacement for random access
magnet ic  disk s torage of digi t al  data are under development. For
exam ple, an optical disk system being developed by Phil ips
Research Laboratories has a capacity of 10 billion bits on a 30
cm disk with a mean access time of 70 us, a recording rate of 10
Mbits/sec, and an eiror rate of between 10~~ and 1 0 6 bits. This
system uses laser recording and playback technology, a tellerium
disk med ium , and rotates at approximately 1200 rpm [Bulthuis ,
19791.

Wit hin the next few years , it can be expected that the
problems of read/write optical video and digital data disks will
be solved. Philips predicts that a 25 us average access time for
optical data disks (comparable tc good magnetic disks) is
achievable with capacities of up to 100 billion bits.

• Loc a1~~~Q~ag~

Primary memory is distributed in several places throughout
the technical document a~ ion system. The need for buffer memor y
for  a n u m b e r  of pages of technica l documenta t ion  data has already

- 
- been mentioned. This will require fast access storage in the

3—5M byte range. In additicn to this, refresh memory for the
graphic display will reguire another iN byte, unless the
development of flat panel displays with integral memory obviates
the need for separate refresh memcry. The requirement for this
much memory in a portable device is a stringent one. However ,
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advances in semiconductor and magnetic bubble memories in the
next ten years will probably make this possible [Hodges, 1977].
Some current microprocessor s can already access this large an
a m o u n t  of memory .

3.1.5.3 Graphics

We have already mentioned the use of raster graphics display
technclogy. Raster displays currently have the ability to
disp lay h i gh  resolution, color pict ures wi thout  f l icker.
Dynam ics  are l imi ted  (as oppo sed to those obtainable w ith stroked
or vector displays) , because cf the processing needed to handle
the large amounts of data required at high speeds.

Curren t  color display resolutions range up to 1280x960x16
(elements x lines x bit planes). Naturally, -the greater the
resolution of the display, the more legible it is. For purposes
of a technical documentation system , where large amount s of text
and graphics must be displayed , lKxlKx8 or better resolution
would be good. The amount of text that can be displayed also
depends on this resolution. For example , characters may be
defined in a 7x9 pixel matrix , with 9x12 pixel spacing, allowing
approx. 80 lines of 110 characters on a 1Kx1K display, though , to
insure maximum legibility, not all of these would be used.

Current raster displays use high resolution color CRT
monitors. In order to meet the portability and durability
requirments for the technical documentation system, a high
resolution, color, flat panel display must be developed. Work is
being done with thin and thick film semiconductor technology to
achieve this fTannas , 1978]. Bowever , this seems to present one
of the biggest technological challenges in the development of a
rugged , portable system.

An other requirement for a -technical. documentation system is
a touch sensitive input device tbat is integral with a flat panel
display, and has enough resolution , accuracy and durability -to be
used as a picking and input device in a shipboard environment.
Touch sensitive input devices with sufficient resolution and
accuracy ace already commercially available from Elographics and
TSD Display Products.

3. 1. 5. 4 Sizing Estimate

An estimate of the processinq and storage resources needed
in a computer based technica l documentation delivery tool can be
derived from the amount of data to be handled in some typical
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documen ta t ion  da t a  bases. The size of the  s tandard , t e x t
oriented documentation for existing military equipment varies.
For example , tbe documentation for a small system , the AN /VRC—12
series radios examine d in [Gurwitz , 19781, is contained in 6
volumes of approximately 1200 pages. Cn the other hand , the
documentation for an entire helicopter (the UH—1H) consists of
approximate 9200 paqes in 38 volumes. An intermediate—sized
example is the documenta tion for the J—85 let engine: 5500 pages
in 23 volumes (Chenzcff , 1973].

With these figure s in mind , the capacity of a hypothetical
technical documentatio n delivery system can be estimated. For
the purposes of this rough estimate , a one—to-one correspondence
can be drawn between manual pages and “frames” in a technical
documentation system (see Section 3.1.3.2). This assumption
makes for a conservative estimate , since the computer based
system would not have to have -the physical repetition of figures
within a manual and redundancy between different volumes in a set
of manuals. For example , JPAS employ many more pictures than
traditional technical manuals , but their rate of reuse within a
m a n u a l  is much  h i g h e r  [C h e n z o f f , 19733. The future system could
reuse figures and other material by storinq one physical copy and
r e f e renc ing  it as needed. Conve r se ly ,  if animat ions  are used ,
the amount  of i n f o r m at i o n  needed ma y  expand  s ign i f i can t ly .

In totally unencoded format (e.q., a raster bitmap
representat ion where manual pages are stored in digital facsimile
form ), the storage needed for a manual page is iN byt e, for a
high resolution displa y (iKxlKxB raster). This can be taken as
an upper bound , since enccding schemes such as run length
encoding (for pure data compression), vectorization (for
representing line drawings usinq scan conversion) , and character
encodinq (for teat) , will most likely be used. These and other
scheme s, used singly or in combination , reduce the 1M by te/ f r ame
figure tremendously.

Using current estimates for optical disk technology as a
mo del , about 750 of these unencoded frames could be stored on one
side of a 114 cm disk (iN bit/ sector or 8 sectors/frame)
[Bu].thuis , 1979). The overhead required for control information
needed for indexing and structuring the frames should be less
-than 20% of the storage space (in the system proposed in
(Gurwitz, 1978] it was less than 10%). Thus, the equivalent of
about four manua l vo lumes could be store d on one side of a disk,
with access times and processing requirements as described in
Section 3.1.5.1. Howe ver, Philips is currently developi ng a 30
cm disk with  ten t imes  the  ca pac i ty  of the 114 cm prototype.  With
advances in optical disk or cther storage technology, encoding
schemes , and r eh r i t e  of ex i s t inq  documenta t ion  to take proper
advantage of the new medium , this figure would increase.
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3.1.6 SUMMA RY 
—

As has been argued in Sec-4-ion 3.1.5, there are many
difficult technological prob lems that mus t be solved before an
effective technical documentaticn system can be implemented.
While some of these p roblems seem amena ble to solution by
extrapolating current trends in technology, it  is not clear that
all of them can be solved adequately within ten years. One must
also -take into consideration the cost and reliability of such a
tool , even if all the design and implementat ion problems are
solved.

Technological considerations aside, more important basic
research must be done in the fundamental and potentially more
di f f icu l t  areas discussed ( interact ion method s, data
representation, in te rna l  and ex t e rna l  database s t ructure, etc.)
if such a tool is to be available within ten to fifteen years.
Both -the technological and information problems must be worked on
concur ren t ly  if a c o m p u t e r  base d system is to be a solution to
technical documentation problems in maintenance and repair.
Thus , our proposed strategy of developing technical documentation
techniques on available interim equipment in a testbed facility
seems desirable.

We can summarize the areas where research is needed to
achieve the goal of a compute r based technical documentation
system , as we have described it.. The problems fall into several
(partially overlapping) categories:

These are problems which can be solved by the development of
“sof t technology ”: algorithms and sof twar e systems, in such areas
as Al, graphics, and databasec. These require new methods of
applying existing technology, and adapting and refining
techniques:

• struc~ uring a technical documentation database for flexible
and effic ient use r access , —

• repr esenting information , both for fast system retrieval
and for display,

• making the system “user friendly” and easy to learn;
providing practical “help” facilities,

• developing mechan isms fcr creating and viewing annotations,

• presenting technical documentation data effectively on a
small display,
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• cr ea t in g  and m a i n t a i n i ng  l a rge , h igh ly  s t r u c t u r e d
databases , and

• prov iinq feedback  be tween  direct  maintenance and re pai:
acti~ ity and administrative functions (scheduling ,
in ven t o ry ,  qual i t y con t r c l  and assurance) .

I~~hn2k~aic~~ .EIQblet~
These call for the development of entirely new “hard

technology ” or the impr ovement cf currently existing applications
(i.e., the development of faster processors and larger memories).
W e need:

• powerful microprocessors and/or VLSI chips for fast data
transfer an d dynamic graphics ,

• large amounts (many Mbytes) of fast primary storage in a
portabl e device ,

• rugged, random access, read/write removable media (possibly
optical disk) for mass secondary storage,

• flat panel , high resciution , color displays with an
integral -touch sensitive input device ,

• effective input devices -that are both simple to use and
powerful enough for sophisticated interaction (e.g.,
h a n d w r i t i n g  and voice) , and

• devices which can withstand hostile environments and be
made “sailor proof”.

~~~~~~~~~~~ 21 ~~~~~~~~JL~ti~2

These are pioblems which require research into fundamental
concepts. They are not well  unders tood and it is not clear that
solutions to all of -them can be found in -the n e x t  ten to f i f t e e n
years. Fundamental problems include:

• retention of as many useful capabilities available with
paper documen ta tion as possi b le,

• development of interaction modes which support integrated
design , t r a in ing , and maintenance  and repair (see Section
3.2)

• personalization of the system for individual user skills
and interac tion pref erences ,

• development of authoring tools and methodologies for
mul timedia presentations, and
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• development  of a n i m at i c r ~ t echn iques , s-a:ting with the
compara t i ve ly  easy 2 and 2 1/2—dimensional  symbolic domains
and e v e n t u a l l y  inc lud ing  3-d imensional  mechanisms.

~.Q~i*:~; ~~~~ i22iLQ~.212 ~~~~~~~~~~~

This set of problems consi s t s  of qenera l  ones which a f fec t
the  5uccess of a new mediu~ it it can be introduced. They must
be considered when dealing with any of the others. The system
must:

• be cost-effective ,

• be accepted by technicians and managerial personnel , and

• allow a sensible retrofit strategy for adapting existing
docuaenta~ icn to the new medium.

Our interests lie with researchinq those information problems
that requj:e new applicat ion and development of soft technology:
structuring of multimedia databases , presentation techniques
(including animation), develcpmen~- of new interaction methods ,
annotation, and personalization .

One issue tha’ surfaced throughout our stu dy ~ was the fac t
that there exists some relationship between maintenance and
repair and the areas of d~~~gj~ and ~~~~~ The existence of
this relationship affects the scope and purpose of a ccmputer
based technical documentation medium . Rather than lust providing
a reference source for maintenance technicians, a computer based
technical documentation system of the fu~ ure could also offer
integral training and possibly even e q u i p m en t  design facilities.

The data for these disciplines are very much interrelated.
It has been said that maintenance is a consequence of design
[Blancha rd , 1969 ]. Fro m the perspect ive  of system l i fe  cycle ,
the influence of design on m a i n t e n a n c e , and of bot h design and
maintenance on t r a i n i ng  are c lear ly  evident .  The data needed for
maintenance and repair results from the data prod uced in the
design task ; e.g., the enqineering drawings (schematics,
blu epr in t s , or block diaqrams ) that result from the design
process are crucial to maintenance and repair. Training data is

- - also related to design and maintenance data , since support
training often consists of hypothetical maintenance problems and
operatinq training is based on documentation (user ’s guides) that
are a direct consequence of design. In electronics , for ex ample,
a technician is trained to repair a specific piece of equipment
and often uses the -technical manuals he or she received at school
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as a primary reference source when performing maintenance and
repair [Hughes , 1978). —

Finally, maintenanc e and repair data can affect training and
design. The result s of failure analysis can be fed back into the
trainin g process, influencin g the development of new maintenance
procedures and training methods. This d a a  can also affect the
redesign of equipm ent for more reliable operation.

3.2.1 UNIFIED DEVELOPMENT PIPELINE

One indication of the inpcrtance of the relationship has
been the emergence of system development strategies that
emphasize unifica-’ion of the three disciplines. These approaches
are given different names , based on the functions they affect.
Integrated Logistics Support (ILS) is a management func t ion  hat
stresses the cons idera t ion  of sys tem ’s suppor t in all phases of
the system life cycle. The Integrated Systems Concept makes
f ield opera t ions  considera t ions  a gu id ing  force in the  conceptual
design of technica l systems. The Integrated Data Concept
stresses the total identificaticn , development , and control of
all technical data as an integral part of a system design and
development effort [ Wa l~ on , 19€51. These concept s are all
accepted by the military, as evidenced by programs which specify
-that -the product -ion of training and maintenance documentation be
integrated with systems design and development [Folley, 1978].

Some advantages of an integrated approach are:

• development of more re l iab le  technical  documentat ion
leadinq to reduce d cost,

• avoi dance of duplication cf effort in documenting systems ,

• reduced data conflicts,

• centralize d control of information , and

• increased accuracy and timeliness of information.

3.2.2 INFORMATICN TYPES

In addition to the integration concepts described above,
there are commonalities between the informatio n types found in
the disciplines of design , mainten ance and repair , and training
wh ich meri t further investigation. The results of the desiqn
process include engineering drawings, operating instructions ,

—46— 

k-i 

- ~~~~~~~~~~~ -~~~~
- -

~-‘~~ ~— - ~~~--‘ ~--- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~--— -



~~~~~~~~~~~~~ ~~~:T T .

functiona l specifications, preventive maintenance , calibratieri,
and special repair requirements. Maintenance and repair
documentation is developed from this information and a
maintenance analysis, which identifies human interfaces and logic
for system checkout and troubleshooting. This documentation is
com prised of technical manuals which include much of the
informa tion generated from the design process, as well as
troubleshootin g procedures, and disassembly, repair , and
replacement instructions. Training documentation vii]. often make
use of technical manuals for iain~enance and re pair , as veil as
specially developed training procedures which include student
test questions and example problems. cne survey showed that over
75% of Navy technicians used technical manuals in their courses
[Hughes, 19781.

Thus , the  da ta  for  each discipline is invar iably  related to
the others , with maintenance and repair and training data being
developed frcm design data. Hcwever , their organization and
format differ significantly. For design data to be useful later
in the development life cycle , it mu st be organized into a
s tandard  fo rma t  t h a t  is u s u a l ly  very different from that
generated during the design process. Design data is less formal
and not structured for information retrieval by maintenance task.
Ano- ber important difference is revealed when modes of user
access are considered.

3. 2. 3 INTERACTION CH ARACTERISTICS A N I ~ PRE S ENTATI O N M E T H O DS

Th~ human interface differs for design, training , and
•ainteT~ance and repair data.

Desiqn is an active , creative process that involves
tradeoffs between conflicting desig n constraints. Design data
may start out as very rough informal drawings which are
con t inuously  re f ined  in an iterative manner , until the f inal
design is achieved. During this revision process, the design may
chang e radically as unexpecte d condit ions arise and optimizations
a:e discovered. The design process continues during development:
rough ske tches are formalized , maintenance requireme nts are
developed through analysis, and a production strategy is arrived
at.

Training is also an active process. For learning to take
p lace , there mus t be interaction between the teacher and the
s tuden t .  This in’eract ion can take the form of teacher/st udent
questioning as well as practice questions or laboratory
exercises. When students beco me passive readers of training
manuals or passive attendees at a lecture , training can lose its
effectiveness.
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Finally, corrective maintenance and repair is a highly
i n t e r a c t i v e  a c t i v i t y  t h a t  also requires a certain type of
creativity, in many instances in troubleshooting , the : i
availability of certain information at the right tine can lead
the experience d technician to the realization of the cause of a
problem . Proceduralization of the process can reduce the amount
of creativity required from the technician [Elliott, 1971].
There exist differences of opinion on the merits of
troubleshooting techniques that emphasize highly specific
procedures rather than theory fshimberg , 1969; Kruvand , 1970].

- - Procedu:es t h a t  sp ec i fy  every  s t e p  needed to isolate and repair  a
f a u l t  enable  personnel  w i t h  l i t t le  t r a i n i ng  to  mainta i n
e q u ip m e n t .  However , procedures of this type (such as those found
in the  FPTA or m a i n t e n a n c e  d ep e n d e n cy  ch a r t s  discussed in
Appendix A.2.1.1) are currently expensive to produce , may be
usable  only by h ig h l y  t r a i n e d and exper ienced  personnel , incur  a
considerable cost of time , and may not cover all types of
failures [Frazier , 19791. when a maintenance and repair
procedure is incomplete or fails to uncover the fault , the poorly
trained technician is at an impasse. A technician trained in the
theory of operation of the equ ipi~ent can often use his or her
skills to succeed w h e r e  a f a u l t  isolation procedur e fails.
However , this  assumes a h igh ly  t r a ined  technician with
trou bleshoot ing skills —— somecn e tha t  may  be scarce in t h e
military of the future.

The merits of proceduralization versus theoretical 
t

background need to be studied further. The results of these
analyses will have great impact on the shape of a future
technical documentation system. If the percentage of cases where
proceduralization is adequate is high compared to those which
require  theory t r a i n i n g , then a centralizEd “help” facility that
makes exper t  guidance  available to the technician th rough  the
sy s tem could be created.  For e x a m p l e , the  exper t resource could
i n s t r u c t  t h e  t echn ic ian  to take specitic measurements and offer
guidance should standard maintenance procedures fail. A basis
for such a f a c i l i t y  can be found in several online, interactive
consulting facilities currently in use on compu er sys tems (e.g,
PLATO , NLS ) .

Traininq and troubleshooting (fault isolation) are similar ,
in that troubleshooting requires the technician to “learn” (or
re-learn) the operation of the equipment under repair in order to
be successful. This understanding process may come from the same
or similar documentatio n that is used for training. On the other
hand, training exercises may require the s tuden t  to perfor m
practice troubleshooting exercises to reinforce his or her
knowledge of the equipment.
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3.2.44 SUNNARY

~e have argued that there is a very close relationship
between maintenance and repair , t r a i n i n g ,  and design. The
advan tages of an integrated approach tow ard development of data
for these three areas have been described. Further research into
the r e l a t ionsh ip  b e tween  these areas is necessar y. Such work in
understanding commonalitjes in data and interaction modes will
result in the mor e efficient development of technical
documenta tion, and in its better utilization.
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As a resul t  of our i n v e s t iga t i o n s ,  we have par~ itioned ou~
d iscussion of technical docum entation for shipboar d maintenance
and re pair into tw o qenera]. areas: direct maintenance and repair
support , and technica l documentation t~ chno1oqy.

• ~~~ ~~~~~~~ relates to the actualperformance of maintenanc e ac’ivitie s by the technician :
wha t is done to solv e a main tenance problem , how it i~
done, and wha- infor maticn is needt.d to do it. This area
also deals with the peripheral activities of material and
workflow management. E~ lock inq at this qeneral area, we
can gain insight into the user ’s needs and requirements fo~
technical documentation.

• ~~~~~~~ encom passes the systems
require d ~o del iver  t echn ica l  d o c u m e n t a t i o n  t o  t h e
technic ian, from their planninq to their operational use.
It also enccmpasses the de~ i%J n of the documents ‘hemselves.
Our purpose in e x a m i n i n g  technica l  documentation from this
point of view is to identify problems , both existing and
potential, in suppo rting and manaqinq technical
documentation.

In both of these areas , we shall CXaWiflt the processes
involve d an d ~-r y to characterize them as “pipelines” of connecrea
processes . This model will be us€d to identify the data that is
used , and isolat e potential prcblem areas or “bottlenecks. ” In
addi tion , we shall try to estimate the amount of data qenerated
and consumed in each component activity in order to determine the
applicabil i ’y  of a u t o m a ~~~d solu’icns .

1.1. 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A. 1. 1 TYPES CF MAINTENANCE AND REPAIR

Maintenance activities can be divided into two categories:
preventive and corrective.

;~~~~~~j~~~ç& activities are regularly scheduled ,
well defined procedures that can be summarized in  proceduralized
sequence docum ents (step by 

5:::_ 

str c-~ions and checkli’~t~~) ,

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

---

~~~~~~~~~ 

-

~~~~



________________________________________________ 
— — -p - ia ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

such as work pac kages or car ds [ W a lton, 19651. Activities that
fall in~o this category include:

• Visual inspection

• Checkou ’s

• Servicing (c lean ing  and l u b r i c a t i o n )

• Scheduled replacement of ‘ime signitican~ pauts

• Calibration and alignment

Programs for preventive maintenance are usually developed during
pre -p roduc ion p l a n n i n g  f r o m  sy s t em  deve lop men t  da ta  t h a t  resul~~from the  desiqn process. The  biggest  problems involved  are in
analyzing the design data to identify where preven iv~
maintenance is required , while avoiding possible over—inspect .ion
that can result in greater equipment failures by acciden~ or
t h r o u gh  a t e c h n i c i a n ’s incompe t ence .

c2~~c.~ii~ ~a~n j~~j~~e, on the other han d , is a muc h less
well specified and organized st - t of ac’ivities. While
trcubleshooting checklists and action trees (decision trees with
ac’ions associated with each node) are often used for diagnosis ,
procedures and data for this tyç~ of maintenance and repair
ty p i c a l l y  canno t  be a d equ a t e ly  p l a n n e d  in advance.  The
t echn ic i an  is l e f t  ‘o re ly  cn his or her own experience and
exper t i se  to i n t e r p r e t  the ava i l ab l e  da ta  in order to isolate and
repa i r  a f a u l t .  C o n s e q u e n t l y ,  t h e  pro vision of -h e  neccssa:y
data  in a f o r m  t h a t  the  i n d i v i d u a l t echn ic i an  is most c o m f o r t a b l e
wi~-h should be one goal of t e c h n i c a l  d o c u m e n t a t i o n .  Technica l
manuals are the traditional technical documentation used in
c o r r e c t i v e  m a i n t en a n c e .

There are three levels of corrective maintenance suppo~~ t t ~
be considered: organizational , intermediate , and depot level.
These levels comprise a maintenance and repair hierarchy , with
organizational support as the lowest (most direct) level.

~~~~~~~~ is p e r f o r m e d  on t h e  level of t h e
individual department within a ship. It is usually tht
responsibility of the unit tha operatts the equipwen’ and
includes the  least de ta i led  type  of work : minor adjustments, and
loca l izat ior  of p r o b l e m s  to  a m o d u l a r  level  w h e r e  r epa ii  i n v o l v e s
s imp le  module  r ep l acemen t .  O rga n i z a t i o n a l  ma in t enance
d o c u m e n t a t i o n  is often included with operating ins~ i uctions.

~~~~~~~~ ~~~~~~ t h e n e x t  level  up,  is more & x t e n s i v e
and u s u a l l y  i n v o l v e s  r epa i r  a t  a lower  level  of m o d u l a r i t y  (e.g . ,
the  c i rcu i t  board  level In e le c t ron ~ c equ ipm en ~ ) .  I n t c r m e d i a t t
m a i n t e n a n c e  is p e r f o r m e d  by an o rgan iza t ion  comprised of
special ly t r a i n e d  t echn ic ians , who se sole task  is m a i n t e n a n c e .

- ---—~~~~~~~~~ ~~~~~~~~-—  - -- —-
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In the case of the tender we visited , an entire ship was devoted
to in’ermediate maintenance. Cn the aircraft car:ie:, tlere weic
departments within the ship for it. The documentation on this
level is more detailed than that for organi7ational maintenance ,
and is found in separate manuals.

~~~~ ~~~~ ~~~~~~~~ is the most complete and extensive levelof ma in t enance .  cn t his level f a c i l i t ie s  ex i s t  for  t h e  t ot a l
overhaul of equipment. It is primarily land based and not
d irec’ly involved in support of active equipment.

On each level (except for the total reconditioning of
e q u i p m e n t ) ,  ‘he ac t iv i t ies  of cor rec t ive  m a i n t e n a n c e  are s imi la r :
these  are t h e  steps t h a t  t h e  i n d i v i d u a l  technicia n goes th roug h
to identify and repair a fault. Each step involves data which
t h e  t echn ic i an  needs  ‘o p e r f o r m  his or her t a s k .  This process
has been a n a ly z e d  e x t e n s i v e ly  in the f ie ld  of m a i n t a i n a b i l i ty
en q ineer in q .  One such t a sk  breakdown consists of the following
phases [Blanchar d, 19691:

• prepara t i on  ( inc ludes  g a t h e r i n g  of tools and setup of test
equipm ent),

• loca l iza t ion  (us ing  no e xt e r n a l  test e q u ip m e nt ;  observation
only)

• isolat ion ( u s i ng  e x t er n a l  t e s t  e q u i p m e n t )  ,

• disassembly,

• interchange ,

• r ea s sembly ,

• alignment , and

• checkout and verification.

The degree of difficulty of any phase depends on the type ot
equipment being serviced and the circumstances surrounding the
problem . For example , an i n t e r m i t t e n t  f a u l t  m a k e s  isolation more
difficult because of its dynamically changing nature. Thus, to
det ermine the problem areas in this model of maintenance and
repair , we must first distinguish between the variou s classes ot
e q u i p m e n t  to be repaired , the  e n v i r o n m e n t s  in which  they  ar t
typically found , and the type of t echnical documentation that
exists to support them.

_ c ~~
_
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A . 1 . 2  SHIPBOARD O R G A N I Z A T I O N  OP MAINTENANCE A REAS

Figure 2 is a diagram of 9ie organization of the U.S.S.
Puget Sound , which gives a qood idea of the range of Naval
maintenance an d repair. Note that a similar range was found on
the  car r ie r , tho ug h further complicated by the special needs of
providing maintenance support for aircraft, which accounts for a
large segment of its maintenance orqanization. As shown , the
malor divisions of the maintenance areas are:

• Hull: structural repair , painting, welding, and foundry
work.

• Machinery: fabrication cf machined parts, valve , boiler ,
and pump repair.

• E lec t r i ca l :  mot or and gyrcscope repair.

• Electronics : communicaticns equipm ent , radar , es-
equi pmen t re pair , and electroric calibration.

• Ordnance :  s m a l l  mech an ica l  r ep ai r s , f i r e  cont ro l , gun , and
launcher repair, and mechanical instrument calibration.

Other departments are responsible for administration (workflow
and par ts  m a n a g e m e n t , p l ann ing  and e s t imat ing , and a c c o u n t i n g ) ,
quality control and assurance , an d nuclear propulsion repair.
Each department is divided intc divisions responsible for a
par t icu la r  sub-area (e.g. , val -~es in the machinery  depar tment )
each division is comprised of work  cen te rs  which are c lus ters  of
technic ians, under  the  command  of a supervisor , who are
responsible for particular equipment.

These maintenance areas can be roughly divided into two
categories: mechanical and electronic. Several areas, such as
electrical and ordnance , share features of both.

— -~ 3—
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Figure 2: U.S.S. Puqet Sound Crqanization

A. 1. 2. 1 Mechanical

Maintenance and repair activities for mechanical systems
(e.g., hull and machinery ) are less oriented t oward localization
and isolation, and place more emphasis on the disassembly,
int erch ange, and reassembly phases of the pipeline , since faults
in these systems are usually cbvicus upon visua l inspection. Two
factors often com plicate the repair of mechanical systems: the
larqe physical size of many of the items to be serviced , some of 
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which  weigh m a n y  tons , and t h e  need to f a b r i c a t e  rep lacement
parts. The lat-er requirement results from the age of many ships
(some more tha n twenty years old) , which makes finding
rep la cement  p a r t s  impossib le  a t  ~i m es , since ~u p p l iers i~~y no
longer  exis t .  In some cases , such  as hul l repa ir , no replace ment
p a r t s  w e r e  ever  c o n t e m p l a te d  ( e . g.,  i cp a ir  of a c racked
b u l k h e a d ) . A s a r e s u l t , much of the resources of mechan i ca l
department s are devot ed to fatri ca~ ion: foundry, welIe:s, etc. A
t h i rd  c o mp l i c a t i ng  fa c t o r  in t h i s  area is environment. Much
repair must be done on—site , in hostile working conditions.

Technical documentation ccnsis s mainly of 2-D blueprint s
(h u l l)  , 3-D isometric par t s  exp los ions  and 2 — D p l ana r  v i ews
(machinery) , and disassembly and maintenance procedures for

mechan ica l  a s semb lag es , such as p u m p s .  B l u e p r i n t s  are the
preferre d form of documentation for mechanical technicians
f fluqhes, 19781. The availability of documentation in mechanical
areas , especially hull , is low. The reasons for this include the
age of many mechanica l systems in use and lack of criticality.
In areas like machinery (pump or boiler repair) , where
maintenance and repair procedures are needed , formal
documentation is sometimes available. However- in areas such as
structural repair , blueprints may be the only uocuwentation
available , since other document a~ion is unnecessary. In cases
where  f a b r i c a t i o n  is r e q u i r e d  ( m a k i n g  machined t ar t s , fo r
example) , informal drawings nay be made from mea surement s of old

- - parts, rather than from blueprin s on file. However , the need to
take precise mea surements of parts whose blueprints are
unavailable , for example , doe s resul t in a loss of the
t e c h n i c i a n ’s t i m e .

A.1.2.2 Electronics

Electronics presents a much different se~ of requirements
tha n the mechanical areas. 1~~pair is largely oriented toward

— localization and isolation. Test equipm ent is necessary, since
visual inspection alone is not adequat e for fault isolation. One
es~imate is t hat fault iden~ ification takes up 60% of the effort
in repair of electronic systems fElanchard , 19691. Electronic
systems are physically smaller than mechanical ones, and more
modular  in des ign .  Thus , repair usually - akes place off—si e, in
relatively comfortable ~-nviro nmen ts. Little , if any, fabrication
of par~ s is necessary in the repair process. Replacement parts
are smal l, and for the most pdl t cheap and readily available.
Modular design makes repair of electronics systems predominantly
hierarchical. Fault s can be i so l at e d  and repaired on sevcial
levels: the module , which may consist of many circuit boards; the
circuit board , which may contain many discrete components; and ,
in the case of digital circuits , the integrated circuit level.
Thu s, dependin g on ~he maintenance concept in force for

— ~~ 
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particular equipment and the maintenance level , repair might take
-t he form of iscla--inq and swapping faulty modules , circuit
boards, or individual components . Problems arise when the lowest
replaceable units called for by -~ e maintenance concept are
unavailable , requiring the technician to attempt repairs without
proper  d o c u m e n t a t i o n .

The t e c h n i c a l  d o c u m e n t a t i o n  f or  suppor t ing  the main tenance
and repai r  of e lec t ronic  s ys t e m s  is , of necessi ty,  the  most
complex. Since electronic circuit operation cannot be seen
directly, the documentaticn is largely symbolic , consisting of
two dimensional circuit schematics and functional block diagrams,
which are the preferred froni s of documentation {Hughes , 1978].
In addition , traditional textual theories of operation and
t roubleshoot ing  guides a re  used . F ina l ly ,  specification lists,
graph s, sample waveform illustrations , proceduralized
troubleshooting, alignment , and test procedures , and parts lists
are employed .  C om p a r € d  to -the documentation of mechanical
systems, electronics documentaticn is far superior in terms of
availability and information content. This is because these
systems tend to be newer , more sophisticated and complex , and
hence require more training and sophistication to repair than
mechanical ones. However , the quality of organization and detail
of documenta-ion depends on tle individual equipment involved.

A specia l pr c b l e m  of e l e c t r o n i c s  documen ta t ion is tha t  of
timeliness and accuracy. Due to the continual development and
change that many systems undergo , new generations of
d o c u m e n t a t i o n  n a y  t rail  t h e  re lease  of equ ipmen t . Thus ,
applicabl e documenta- ion may not be available or up—to—date. A
related problem results from the existence of multiple
configurations of si~ ilar hardware , making -the task of finding
accura te  docume n t a t i on  on a specif ic  conf igura t ion  more
complicated. The symbolic nature of electronics docume ntation ,
the relative complexity of these systems , and the sophistication
needed to repair them , make the electronics area the most
amenable to the introduction Cf  f l E W  technical documentation
inedi a.

A.1.2.3 Electrical and crdnance

F i n a l ly ,  there are areas which have characteristics of both
electronics and mEchanics.

In electrical repai r  (of motors , for  example)  emphasis  is
pla ced on t h e  local ization and isciat ion ac ivit ies , in which the
use of test equipment ccmes into play. However, the physical
disassembly, interchange , onboard parts manufacture , and
reassembly phases are still a large part cf the work , because of
the electro-mechanical nature of these systems. The
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d o c u m e n t a t i o n  fo r  e lectr ical  r epa i r s  combines tn e  3—D d r a w i n g s
and 2-D blueprints of the mechanical world , with 2—D symbolic
schemat ic  d iagrams  more t y p i c a l  of e lec t ronic  systems. In
a d d i t i o n  to d i s a s sem b l y  ins~t r u c t i on s , t r o u b l e s h o o t i n g  and test
procedures , electrical specifications and parts lists and
breakdowns are also found,. As with electronic systems , circuit
schematics and block d iagrams  are t h e  prefer red  forms of
documen ta t i on  [ H ug h e s , 19781.

Ordnance is s i m i l a r  in that it deals with small mechanical
and electromechanical equipment .

A . 1 ,3  W O R K F L O W  M A N A G E M E N T

Workf low m a n a g e m e n t  e n c cm p a s se s  the  overa l l  m a n a g e m e n t  of
the corrective maintenance and repair process from the reporting
of a pr oblem , t h e  e s t ima t i c n  of resources  n eeded  for  its repair ,
the scheduling of maintenance personnel, and overseeing of the
work through quality assurance and quality control programs.
Responsibi l i ty  fo r  a d m i n i s t e r i n g  p reven t ive  ma in tenance  programs
also falls in this area.

Equipment problems are generally detected by personnel at
the orqanizational maintenance level who operate the equipment or
perform simple preventive maintenance (PM) procedures. Depending
on the nature of the problem and the rating of the sailor , he may
be able to take care of it on the spot. Ctherwise, he (ills out
an OPNAV 4790/2K Ship ’s Maintenance Action Form , kn own
co lloq u ia l ly  as a “2 — k i l o ” f o r m .  It has fields for identifying
the ship and particular equipment (location , name , serial
number(s)), a narrative description of the problem , the date and
time the problem was discovered , and the nam e (s) of the reporting
personnel. The information on this one document is used in
administering all subsequent phases of the repair lob. It also
serves as input to -the 3—N reporting system described in Appendix
A.1.5. Aviation repair personnel use a different Maintenance
Action Form which serves the same purposes.

The information on the “2-kilo ” is added to the Current
Ship ’s Main tenance Prolect (CSMP) f i le, which lists all
outstanding organizational, intermediate , and depot level
main tenance work. The other malor sources of CSNP inf ormation
are the scheduled maintenance activities (PM and alterations).
The CSMP is intended to be a management tool which reflects the
m a t e r i a l  condi t ion  of he ship.

Scheduling of both corrective and preventive maintenance on
most ships is done by the Work Center Supervisors , who act as
“foremen ” overseeing these activities, Scheduling on tenders is
done by a Planning and Estimating office. The factors that go
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int o lob scheduling include: the list of outstanding work ,
personnel availability and skills , parts and tool availability,
and equipment priorities. A Master Job Catalog lists approximate
personnel and m a~ erial  r e q u i r e m e n t s  for  most “sta ndard ”  lobs;
o thers mus t be estima ted. Sh ipboard  ma in t enance  scheduling is
stictly a manual process at present , and relies heavily on the
skill and experience of the individuals doing it. Automation is
used only to recor d and list scheduling information, and to
prepare Automated Work Request forms (work orders). The Fleet
Non- tac t i ca l  A D P  R e q u i r e m e n t s  Def in i t ion  Working Group has
recommended an interactive ccmp uter system which integrates the
scheduling, CSMP , and parts and material management functions
[Nobler , 19761.

Some maintenance lobs cannot be performed due to the lack of
p a r t s , tools , or q u al i f i e d  p e r s c n n el .  These lobs are ~~~~er~~~d
until materials are obtained cr repair fac i l i t ies  (possibly on a
tender) become available. Jcbs which are not deferred are
normally executed as scheduled.

Dependinq on the ship and the nature of the work , some
quality assurance (QA) procedures may be performed during or
after the maintenance task is ccropleted.. These vary from simple
visual inspection to extensive non-destructive testing (e.g.,
ultrasound fracture tests). Quality Assurance is a malor
activity on the tender we visited. For many repairs, the QA
department assembles (manually) a “control work package” with a
copy of the original “2-kilo” f c r m , a parts list, step—by—step
maintenance instructions , a bench report , and a final test
report. This approach helps insure that a qood lob is done , bu
it appears that most ships do not have the resources to generate
-his k ind  of comprehens ive  d o cu m en ~- on a regula r  basis. This
capab i l i ty  m i g h t  be possible , h o w e v e r , w i t h  an automated
technical  documen ta t i on  de l i ve ry  system.

A .1.L4 PARTS AND MA ~IERIAL M A N A G E M E N T

Parts and material manaqemen t deals wi-’- h the supply,
d i s t r i b u t i o n, and i n v e n t o r y  p rocedures  for materials and
equipment necessary for maintenance and repair. The availability
of parts often determines whether a maintenance action can be
performed or if it must be deferred (possibly to a secondary
intermediate maintena nce facility, such as a tender). Therefore ,
parts and material management has a direct impact on fleet
readiness.

Ships have limited space for storing spares and tools, and
limi~-ed facilities for repair. When a ship is commissioned or it
comes in for refitting, the Ship Parts Control Center, with help
from the ship ’s Supply Office , decides what goes on each ship.
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An Allowance Parts List (APL) specifies what spares the ship may
carr y. The crit eria for det~ tm ininq en t ries on the APL include
size and w e i gh t , cost , m i l i t a ry  es s e n t i a l i ty  (some i t ems  are
deemed absolutely necesary to the ship ’s mission) , repair
capab i l i t y  (versus replacement) , and k n o w n  and e s t ima ted  f a i l ur e
rates.  Even w i t h i n  these r e s t r i c t i o n s, the  a i r c r a f t  ca r r i e r  we
visited durinq the research for this report stocked over 165,300 - -

i t ems , w i t h  an a q q r e g a t e  w o r t h  cf about 100 million dollars.

Most of the  par t s  on a ship are stored in a centra l supply
of f i ce, where  access to the invento ry can be controlled.
Pre-expended Parts Bins (PENs) , located near  w o r k  s ta t ions ,
pr ovi de r eady access t o small, commonly used items. If
technicians cannot find the parts they need in the PENs , they
must go to the supply office with a manufacturer ’s serial number
or some other  means  0± uniquely i d e n t i fy i n g  the  par t .  Since
ships ’ i n v e n t o r i e s  are  indexed by A P L  or n a t i o n a l  stoc k n u m b e r ,
some cross referencing must be done befo re  parts  can be located.
Increasingly, microfiche is being used for this purpose , since
the medium is well suited to hand l e the high vo lume of
i n f o r m a t i o n  and f r e q u e n t  u p d a t € , r ep l i c a t i on  r a t e  of par t s  l ists.

Reconc il i a t i cn  of the v a r i o u s  par ts  lists with  one another
and - t h e  phys ica l  i n v e n t o r y ,  and genera l  i nven to ry  control  are
maior shipboard mana gement problems,. The process of cross
referencing part numbers also consumes  the  technic ians ’ time.
These problems could be allevia— ed , however , by applying proven
administrative data processing techniques (Hobler , 1976].

A more serious and difficult problem is to increase parts
availability, by carrying ar inventory better matched to real
needs. We were told that , on the ca r r ie r , about 80% of the
requests for non-aircraft par ts could be fulfilled from stock —

the other 20% bad to be deferred , or an alternate means of repair
found .  The gr e at e s  u n k n o w n  in f c r m u l a t i n g  an APL (and t h u s  t h e
inventory) is the failure-rate data , which depends to a large
e x t e n t  on k n o w n  f a i l u r e  pa t t e r n s .  P r e s e n t l y ,  the  source d a t a
exists for obtaining failure statistics (see Appendix A.1.5), but
a facility to actually carry out the analysis is not in place.

A.1.5 FEEDBAC K AND DATA COLLECTION5

The primary means of qa~ herinq data on maintenance and
repair activities is the Maintenance Data System , part of the

tmThe source for this material was a presentation by Paul Ruth of
the Fleet Maintenance Support Cffice , Mechanicsburg, PA , as part
of a seminar  on S h i p b u i l d i ng  and Shipboard Maintenance and Repair
given at the I n f o rm a t i o n  Sys t ems  Divis ion of the  Off ice  of Nava l
Research , A r l i nq t on , VA , on Ap r i l  2 7 — 2 8 , 1978.
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Nav y ’s Maintenance Materia l Management (3—N) program. The
oblective of the 3—N program V’arted in the mid—sixties) was to
simplify and standardize procedures for shipboard maintetance and
r epa i r , and to provide a means fcr data collection. Maintenance
information is collecte d at the source, once , using the “2-kilo”
form described in Appendix A. 1.3. NormaJ.ly, only corrective
main—enance data is gathered , but i-~ems on a selected equipment
l ist  ( i n c l u d i n g  s a f e ty — r e l a t e d  qear )  h a v e  all re la ted  m a i n t e n a n c e
a c t i v i t i e s  r e p o r t e d .  C o n t r a c t o r  m a i n t a i n e d  e q u i p m e n t , missi les ,
and nuclear ships and submarines are not i nc luded  in the  p ro gram.

The “2-kilo ” farms arc transcribed to magnetic tape , on
ei-her he originating ship or a tender , and sent to the
Maintenance Support Office in Mechanicsburq , PA for processing.
About 3 million transactions per m o n t h  are handled by the- sys em .
ADP Programs runni rq on a large computer produce printed reports
which are intended to help management gain insight into system
and oper at ional cos s, reliability, and manpower requirements.
It was also hoped from the progra m ’s inception that it would help
iden-ify potential catas:ro~hic failure patterns.

These goals have been met tc some extent , itut extracting
such information is difficult and time consuminq: the database is
extremely large (data has been collected for nearly 15 years)
and a new program must be written for each query. At present , no
real-time “information retrieval ” capability exis—s for analyzing
the database. In addition , t h e  da— a is often months old befor e
it is input to the system , since the tapes are sent to the
M a i n t e n a n c e  S u p p o rt  Office only when ships go into port for
intermediate maintenance. Delays in processing and reporting
mean that — he identificat ion of “ u r g e n t ” p r o b l e m s  can t a k e  hal f  a
year or more.

A more resronsive teedlac k system (possibly tied ~o an
automated shipboard technical documentation delivery system)
would  c l ea r ly  b e n e f i t  m a i n t e n a n c e  and r epa i r  a c t i v i t i e s .  Bet t e r
tools for analyzing the database could provide quicker and more
reliable identification of equipment failure patterns. This is
impor tant for saf~ tv reascns alone. Failure rate measurement and
pro-lection also facilitates the generation of Allowance Parts
Lists tha~ more accurately pr-edi c actual stockroom needs ,
thereby reducing deferrals due to unavailable spares.

Howev er , any analysis is orly as good as t he  source da ta  on
which it is based. Two problem s exist with t- he p esent method of
collecting data:

• Sailors are sometimes reluctant to fill out the “2—kilo”
form (some needed repair work is never reported). This is
not necessarily scmet hin q that ~- echnclogy can solve.

• Much of the really useful data is in the narratiVe section
of the “2-kilo ”, which at this time in not mach ine
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processed. Computer understanding of “natural language ”
na:ra~ jves is still a ma -Icr research problem , and i is not
clear when such techniques will be feasible .
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A .2.1 PRESENT DCCCNENTAT ICN FCFMA ~IS 
—

A.2.1.1 Paper

Forma l  m i l i t a r y  t e c hn i c a l  d o c u m e n t a ~ ion is c u r r e n t ly
presented in several different formats , the use of which varies
between the services and am cnq the system commands witi-in the-
Navy :

• Tradi-’ional text oriented manuals ,

• Functionally Oriented Maintenance Manuals (FOMM)

• Job P e r f o r m a n c e  Aids  ( J P A )  ,

• Work Packages (WP) , and

• B l u e p r i n t s , r e f e r e n c e  cards , and other documents.

While traditional text criented manuals are the most prevalent
form , increasinq tse is made of PCNM (by NAVELEX and NAVSEA) , WP
(by NAVAI B ) , and JPA (by the Army and the Air Force) [Hughes ,
1977]. These formats are descriLe d l~€low.

! _ Q ~~~~~~L 1 Q ~~~k~~ ~~~~~~~~~~~~~~~~~~~~ 1~ JL~~1~~

T r a d i t i o n a l  t echnica l  m a n u a l s  are l a rge ly  text  oriented ,
with illustrations supporting narrative descriptions found in the
text. The types of illustrations include line drawings ,
photoqraphs , and schematics , and accoun t for  15—20% of manual
image area (Chenzoff , 197~~]. The text includes equipment
descriptions and theories of operation , and can be compared , in
style and format , to liberally illustrated high school textbooks.
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Since they include descriptive theory, rather than trying to
cover eve ry  s i t u a t i o n  t h a t  m a y  a r i se  in t h e  oper a ion and
m a i n t e n a n c e  of th~ equipment , they rely to a qreat degree on the
reader ’s in—elli~ ence. Howev~:, these manuals also contain a
large amount (30-440% of total image area) of procedural
information [Chenzoff , 1973]. These procedures are related to
tasks, such as assembly , disasseaftly, or repair, whic h can be
accomplished by following a fixed sequence of steps, as opposed
to troubleshooting procedures which require decision making.
Typical manual size is be’wee n 100 and 300 pages.

The P0MM is a two volume manual oriented exclusively toward
maintenance and repair , in contrast to traditional manuals which
p r o v i d e  i n f o r m a r i c n  to  su i t  al l  m aj o r  users. Cne vol u me conta ins
sections on general eq ui~ rnent characteristics , operating
instructions , theory cf operation , scheduled maintenance
instructions, installaticn instructions , test proceaures, and a
parts list. The other cor tains troubleshooting and repair
information: configuration breakdo wn , turn-on checkout chart ,
functional diagram , schematics , repai r and alignment procedures ,
and repair parts data. The rnaior problems P0MM presents are
large size (both in page size and number) and inapplicability to
mechanical systems , since they are oriented toward functionally
hierarchical electronic systems.

The FOMM uses color coding to illustrate hierarchical
functional and hardware levels , down to the smalles t functional
e n t i t y  in the e q u i p m e n t .  In add i t i on , FC Nt ~s make use of

~~~~~~~~~~ ~~~~~~ ~~~~~~ keyed to the color coded units
(usually sections of circuit schematics) , for fault isolation by
a series of checkpoints . These are matrices which illustrate the
conditions necessary for the operation of some function by
showing the relationship between physical components and
functional events. The c h a r t s  dep ic t  the  dependency of one event

- - (e.g., the presence of a sigral) upon another (the availability
of a vol tage)  , i n a t a b u l a r  f o r m a t  which  allows the  t echn ic i an  to

— f o l low a logical sequence of steps to determine the cause of a
problem . Thus, the technician does not need to rely on
extrapolation frcm theory. However , the cost of developing a
complete set of charts for a system is quite high and -reciLnicians
of t en f i n d  t h e m  c o n f u s i n g  and d i f fi c u l t  to use.



fI~ NIt~ JI~ $n ~~~~~~~~~~~~~~~~~ ~

L~~

There are two kind s of JPAs : Fully Proceduralized
1’:oubleshoo irg Aids (PPTA5) and Job Guides.

~~~~~~~~~~~~~~ ~~ds are a series of
step-by-step acticn trees , showing the steps necessary to isolate
hardware faults. These actien —re -es are tied together by
Checkout Procedures , which l i n k  the action trees by a f lowchar t
n o t a t i o n  fo r  i d e n t i fy i n g  tes t  decision point s , f a u lt  isolat ion
procedures , and repair and replacement procedures.

Job Guides are n a r r a t i v e  procedures  which cover instructions
for performing organiza’icnal maintenance othe r than
troubleshooting.

S up p l e m e n t a r y  manua l s  a r e  used to provide  data, such as
specifications and parts lists , that does not fit into either
f o r m a t .  —

These manuals differ from traditional technical manuals in
that more emphasis is placed on structured task analysis in their
preparation , to achieve procedural data that relies less on the
technician ’s intelligence. In addition , illustrations are
emphasized over text , with 30—440% of the image area of JPA5
devoted to l ine drawings and schematics (no photographs). The
manuals are formatted to reduce page flipping during steps of a
procedure , with illustrations on each page keyed to pr ocedural
text on the facing page. This results in a great deal of
redundancy, since the same illustration may be used many times.
Thu s, while the page size of a JPA is smaller than that of the
radi -tional TM (5”x7.25” vs. 8.5”xll”) , t here tend to be more
pages in a JPA (200 paqes average , with a maximum of 300 by
military specification).

JPA5 are traditionally oriented towar d mechanical systems,
since the amount of work necessary to produce a good manual for
complex electronic systems makes -rhem prohibitively expensive
f Huqnes , 1977]. Nothing in the JPA format, however , would
preclude their use with electronic systems.

!_.~ ~~~~~~~~~~~~~~
The Work Package concept emphasizes a series of short (12-15

paqes are considered optimal , but no more than 30 pages by
military specification) stand—alone work units which are
organized by f u n c t i o n a l  tasks. Several work uni ts  are combined
to form a WP manual on a particular system. These manuals
emphasize the use of illustrations over text wherever possible,

-63- 

—s-— ---~~~ --~~~~~~--n - 

--~~~~ ~ ---- --—~~—-~~~~~~~~~~~~~~~~ - - - - -— — 
--- --

~~~~



-- ,. —w

as well, as proceduralized instructions and checklists. They ar~
designed for microform reduction , and can t& reproduced in pocke t
size. The ma lor difference betwe en W9s and traditional technical
m a n u a l s  is in t h e  o r q a n i z a t i on  of d a t a  by t u n c~~io na l  t a s k .

The  Wt ’ is said to hav e advantag es over other forms of
~echnical documenta~ ion because it presents information in small ,
easily understood chunks. Its malor aisadvan-age is tha its
task-oriented orqanization an make it hard to find specific
i n f o r m a t i o n .

Besides the techn -c al m anua ls , shipboard documentation in
opera t iona l  use i n c l u d e- s  I l u e p r i n t s , r e f e ren c e  cards, and special
documents such as parts numb€ -t inq lists. As noted in Appendix
A.1 .2, blueprints are a prima ly source of i n f o r m a t i o n  to those
doinq maintenance and r epa i :  cm m&chanical systems. Ships
m a i n t a i n  a b l u e p r i n t  f i l e  as p a r t  of  th e  it t echn ica l  l ibrar ies .
How ever , our s h i p b o a r d  o b s e r v a  ions in d i c at t  d t h a t  a l t h o u g h
t e c h n i c i a n s  f i n d  the  b lu ep r in t ~ u~~~tu l , the library file is often
incomplete , especially in cider ships. Either the documents
nev er exis~ ed in th e l i b r a r y  t r c m  t he  beginning , or they were
lost over time , with no replacements available .

Llaintenance ~~€ r e r n e n t  ça~ d,~ (MhCs) ar- c laminated reference
ca:~1s wi t h s a f e t y  a n d  p r e v e n t i v e  m a i n t e n a n c e  i n s ’ ru c -r xons fo r  an
individual piece of e q u i p m e n t .  The y  ar e - used w i t h  q rea t  success
in — he areas of elec’ronics and  ordnance . MRC s are o r g a n i z e d  t o
provide a handy source cf information for the most c~~n~mon
maintenance tasks , and are also intended to lessen the Use of
technical manuals.

A. 2. 1.2 Microfor m

Microform has been app lied wi- - h some success in the
Maintenance Information Automated Ectrieva l System (MIA ~ S)
developed by NAVAI R and ~-h e Technical Manual Microtiche Program
dev~ loped by NA ~ SEA . Both pLoqrams retrofit existing paper
documentation tc microform. Standard formats include lbmm roll
m i c r o f i lm , 35mm a per — ure cards , and 105 x 148mm fiche .

MIA BS employs 16mm microfi lm cartridges with an automated
search console and a reader/printer b r  o ltai n in g hard copy. The
Technica l  M a n u a l  M i c r o f i c h e  Pr oq ran uses a s imple  viewei  /p r i nt e~w i t h  8 f r a m e  f i c he , P r e l i m i n a r y  repor ts  ot  both prolects
indica’ed user acc’ep4ance. Howe -ye-i, later su 1vey~ ffluqhe-s, 19781
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show considerab le d issatisfact ion with microform as a rep lacemen t
for paper because of the disadvantages cited in Section 2.2.
Nevertheless , most technicians thought microform a good solution
fo r  p a rt s  and s u p p l y  sys’em o rde r ing .

A. 2. 1.3 Traditional Audiovisual Media

Traditional audiovisual media (film , filmstrip, videotape)
are not in widespread use for direct maintenance and repair
support. In addition to problems of ruggedness and portability,
the-i: serial, locks-tep presentation is not suitable for
on-the-lob task direction. However , these media do find use in
t r a i n i n g .

A. 2 .2  USE OP CON P E’l ER A U T C M A T I C N

There has been no operational use of computers as a medium
for automated technical documentation storage and presentation
employing any of the techniques described in Section 3. 1. The
role of computers in military technical documentation prog rams
has been limited to text processing for technical manual
production fTouchton , 1975; SRI , 1976], and the maintenance of
engineering databases for vendor product  development and
associated documentation prod ucticn (IPAD, 1977; Southall , 1979).
The major uses of non-tactical military computing have been in
supply inventory management, maintenance and repair work
scheduling, and maintenance data collection and reporting (e.g.,
the 3-N program , discusse d in Appendix A 1.5). These
applications employ standard ADP techniques for data collection,
data~ ase management , and report generation. Such uses for
computers are being expanded , es pecially in the area of
maintenance data collection and analysis to support better
schedul ing of preven tive maintenance procedures [AM S, 1978; Cook ,
19781.

A recent Navy task force reccnimendation for the expansion of
shipboard non-tactical computer usaqe (SNAP-2) [Hobler , 1976]

- - includes a more fully integrated program of ADP in the parts and
material management and workflow management areas than that in
force today. It also specifies a program for placing an index of
avai lable  t echn ica l  documenta t ion  (both manuals and drawings)
online. However , the index wculd be inter faced to microform
reader/printers instead of employinq CRTS or graphics terminals
for direct documentation presentation.

— € 5 —
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A . 2 . 3  S I Z I N G  E S T I M A T E

Recent estimates of the number of Navy ~echnical manuals
state that there are between 120,000 and 135,000 different
technical manuals in use. These comprise approxima ely
25,000 ,000 pages , which contain 60—70% text ly area [Hughes,
1977]. The average number of pages per m a n u a l  is bet w een 200 and
300, depending cm the manual ’s fcrmat. A h:ea kdown of these
figures by system command is give n in Table 2.

System Command NAVSEA NAVELEX NAVAI R

Perc en~’aqe  d i s t r i b u t i c n
(by number of ma nuals) 68 14 18
(by number of pages) 81 10 9

New manuals per year  10 , 000 500 1 , 100
( t h o usands  of pa q es) 2 , 850 77.5 110

Updates per year
( t h o u s a n d s  of pau es )  2 4 0 — 4 0 0  50—75 40

Table 2: Naval Technical Documentation Dis ribution 6

These figures represent a trend that has been stable for the
past few years. Barring any changes in overall procurement
policy, it is estimated that the volume - of technical
documentation production and updates should continue to expand
for the nex t five to ten years.

Thus , any systems proposed to: automating he storage and/or
production of this documentation iii a ten to twenty year time
frame must he capable of storing upwards of 30 million paces of
information , with an annual qrowth rate of at least 4 million
pages. Of this information , cur::en-tly one—third is graphics , and
this fiqure can be expected to grow , qiven the effects of such
existing technical documentation im~’rovement programs as NTIPP
which calls for increased emphasis on pictorial information over

— text in n e w  t e c h n i c a l  m a n u a l s .

°Fiqures from ffluqhes , 1977 ]
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A.2.4 THE PIPELINE FOR MAI NTENANCE AND REPAIR TECHNICAL
DOCUMENTATICN

Technic al documen tation for m ainten ance and re pair  h as a
life cycle which parallels thos€ of the systems it supports.
This l i f e  cycle can be decomposed into the- following stages:

• p l a n n i ng  and  des ign ,

• au thoring,

• dat a capture ,

• replication ,

• d i st r i b u~~ion ,

• feedback , and

• updating .

For N a v y  t echn ica l  d o c u m e n t a t i o n , i mp l e m e n t at i o n  of each of the
above steps varies with the ~rccuring System Command (SYSCCZi) ,
contractor , equipme nt being documented , and types of
documentation being produced. There- is no single , represi ntative
“pipeline ” for tl~E d e v e l o p m e n t  of Navy technica l documenta~ ion;
in fact, the lack of uniformity has been cited as as major source
of problems wi- h the present system (SRI, 1977]. However , the
life cycle staqes listed above provide a general framework for
discuss ing  t h e  d e v e l o p m e n t  of Navy maintenance and repair
technical  documentat io n , p a r t i c u l a r l y  f o r  the  i d e n t i f i c a t i o n  of
the problems and Lo~ tlenecks that exist in curren t systems.

- 
- The life cycle of a technical document starts with its

planning and design phase , which typically beqins durinq bidding
on equipment and ends shortly after the contract has been

- 
- awarded. A set of p l ann ing  d o c u men t s , known as ~~~~~~~~ are

developed which describe the contents of the- proposed technical
d o c u m e n - a t i o n  in ou tline form. They beccme both a Laseline for
monitoring later phases of technical documentation development

- - and a f r a m e w o r k  for  t h e  a u t h o r i ng  process . lnput s  to the
planninq phase include system specifications, available
engineering and manufacturing infcrma~ ion , con ract requirement s ,
and the system maintenance plan.

= This phase has great impact on the final technical
documentation , and yet it suffers from some serious problems:

—
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• The available technical information , par t icularl y
main tenance req uirement s, is no t always stable or reliable.
For example , the prelim inary equipment design , system
main ten ance plan , and technical documentation plan are
often develope d in parallel during the design phase which
is charactErized by ccnstant change , because all of this
information is required before a contract can be awarded.

• Military technical manual specifications do not always
accomodate the particular equipment ’s maintenance needs, as
in the case when new or innova~ ive mainten ance concepts are
utilized. This can have an adverse effect on the
effectiveness of -the t e c h n i c a l  d o c u m e n t a t i o n .

• Severe cost and time constraints often exist because much
of the work is done at the ccn~ ractor ’s ex pense , before the
contract is awarded.

In shor t , the problems at this stage appear to be largely
proce dura l , m anagerial , and economic in nature. One proposed
improvement is to simply delay the delivery dates for technical
documentation plans to allow a design based on (nearly) correct
and stable information [Hughes , 19771.

Cnce the initial design of the equipwen~- is complete , the
a u t h o r i ng  (or “con ten t  qeneration ”) process may begin. Technical
writ ers work wi’h the bookplans develcp€d earlier, and with
informa tion supplied by design engineers and derived from
engineering, manuf acturing, and maintenance documentation to
generate draft technical manuals. The drafts are iteratively
reviewed and refined , and artwork is added t o  produce complete
manuscripts. Factors influencinq the conten t of a manual include
forma l specifications and wri t ers~ guides, ~he author~s writing
skills and familiarity with the subject area, the complexity of
the equipment , and the available data on i~ (which is subject to
change). The inevitable cost, size , and time constraints also
exist.

As in the planning and design stage of technical
documen ta tion develo pment , most of the pro blems in this stage are
non-technological in nature:

• Technical writers have low priority, and therefore
difficulty, in gaining access to hardware which is being
used for development.

• The primary source of dat a on the eq uipment is the database
used for eng ineering development. This information is not

L_ _ _ _ _ _ _ _ _



orien ted for the develcpment of maintenance technical
documentaticn , so the writer must manually extract and
assemble the information he needs, which is a difficult and
time—consum ing task. Greater integration of technical
document ation develcpment w i t h  engineering development
might help to alleviate this problem (see Section 3.2.1).

• The wr itin g phase and the revision/review process lack
direct input from the user ccm”lunity. In fact , little
consideraticn is apparently given to the actual data needs
of the user , or -he relaticnship between training and the
material contained in the technical manual [Hughes , 1977).
The A r m y ’s SPA program [~~RTAES , 1977] is is an example of
an attempt to address th i s  last point.

Advanc ing technology is having some direct impact on the
technical writ er , and will have a much greater impact in the
future, Text processing systems have been proven to speed up the
revision and review cycle for hardcopy manuscr ipts. More
significan tly, new computer-bas ed systems for technical
documentation presentation will require new authoring tools, and
aut hors skilled in using hem (see Section 3.1.4.1).

I n f o r m a t i o n  gene ra t ed  d u r i n g  t h e -  a u t h o r i ng  process must be
cap ture d for the prod uction of wcrkinq drafts and final copies
ready for replica~ion. Initial inpu~ and editing of text falls
under  the  area of “t ex t  processing ”. “Graphics  processing” is
the analog for artwork and other non-textual material.
Techniques for doing both vary widely at present:

• I n tot al ly m a nu a l  systems , new draft s are completely
retyped manually , and all artwork and layout is done by
hand. This is the t:aditicnal method of data capture and
generation.

• Text  processing systems (which may be anything from a
“smart” typewriter to a tine—share d computer) allow text to
be entered once int o a machine , edited online, and output
fully formatted on a printer or phototypesetter. Page
layou- is automated , while graphics are handled manually.
These methods are becoming more wide-spread in the• production of Navy maintenance and repair technical
documentation as increasing volumes of material, coupled
with escalating labor ccs s and  l o w e r i ng  equipment  prices ,
make these systems cost—effective.

• Some systems , such as that employe d in the NAVA IR Technical
Review and Update of Manuals and Publications (TRUMP)
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pro qra m , accept both keyboa id input and existing typeset
ma terial , which is read by optical character recoqnition
(CCB) devices. This appears to be t h e  only practical
technique for entering old technical manuals into new
product ion systems .

• Computer-aided drafting equipment , such as that
m anufactured by Tektronix and Applicon , can be used for
entering and manipulati ng line art for publication. These
sys t ems  are par~ icularly effective for engineering
drawings , since they often will accept machine-readable
data generated by computer—aided desiqn and manufacturin g
( C A D / C A M )  equ i p men t , t h e r e b y  e l i m i n a t i n g  m a n u a l  copying.

Althou gh automation has helped in the domain of data capture ,
some significant problems remain:

• Interactive graphics systems have not yet gained wide
acceptance in publishin g, despite their effectiveness in
dealing with 2-dimensional line art , symbolic/schematic
diagrams , and other design and manufactur ing ar~ work. Cne
reason may be the unfortunatel y prevalent perception of
echnical documentaticn as an ancillary activity. While a

CAD/CAM graphics system directly assists the development of
a product , a system wi~ h the same kind of sophistica~ ion
cannot be as easily cost—justified for the production of
the associated documenta tion .

• Standards do not yet exist in the automated text processing
and graphics indus~ ries. This often makes interfacinq or
transporting data between unlike systems difficult. It
impedes the integration cf automation into the technical
documentation development process.

• The “r e t r o f i t ” prob lem of app ly ing  new d e l i v e ry  sys tems t o
old technical documentation will have to be addressed , as
su ch docum en~ ation will be in use (and thus subject to
revision) well into the future. The OCR method described
above is cnly a partial ~;clution to this pr oblem , becaust
it captures the text and graphics without the structuring
i n f o r m a t i o n  needed for interactive manipulation (se t~
Section 3.1.4.3).

The volumes of technical documentation handled by the Navy
are staggering (see Appendix A.2.3): a 25,000,000 page inventory
wit h a ten percent annual growth rate. This makes the- move to
automation imperative , especially in the labor-intensive area of

-

- - 
data capture. Even capturing the :aw tex~ and graphics withou
imposinq structuring is still preferable to not capturing this
inf orm a~ ion 

at all. Numerous s-udie-s, suc h as (SRI , 197€ 1 have
shown that the needed technolcgy already exists.
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Replication of a technical manual is dependent on the medium
used for distribution (predcainantly paper) , the volume of
material , and tbe source of the master copy. Nearly all Navy
technical documentation printing is done by the Naval
Publications and Printing Services Office (NPPSO) or its
subcontractors , using conventicnal paper and microfor m publishing - 

-technology. Large runs of paper manuals are done on standard
printing presses, while sm all volume or fast turnaround requests
are produce d by Xerographic  or s imi la r  processes. Microform is
often used solely as a medium for distribution and storage: when
a document is needed by a user, a paper copy is made locally.

Replication technology and its use within the Navy is fairly
well established. This is not suprising, considering the
maturity of the printinq and micropublishing industries.
Howev er , new m ed ia , such as optical disks or entirely electronic
methods of distribution (e.g., satellite transmission) may alter
the picture considerably. cptical disks cffer several orders of
magni tude increase over paper in storage density and require a
completely different replication technology. Electronic
distribution goes even further , as it essentially eliminates the
need for replicat ion at a central site.

Distribution encompasses the storage , retrieval, and
physica l del iver y of technical documen tation , and the managerial
activities of configuration and inventory control. Note that
some of the managerial activities start early in the life cycle
of a document. There are three classes of distribution which
mus t be considered:

• Initial distribution occurs when technica l documentation is
first deployed. At this time configuration control is
initiated , volume requirements are determined , and the
documents are actually delivered.

• R e s up p l y  is done in response  to user requests. Inventory
control  is i m p o r t a n t  here.

• Archiving is the management of the “masters ” used for
replication and resupply.

Each Navy SYSCCM has its cwn procedures and agency to control the
distributio n func tion , but all use the Naval Publications and
Form s Center (NPFC) and the nor mal supply channels for the
physical distribution of technical documentation. 
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The Hughes NTIPP study [Hughes , 1977) indicated that the
N av y technical documen tation di s t r ibu tion system wor ks, but more
slowly than the users would like. Delays are due largely to the
vast amount of paper which must be printed , managed , and
physically tranEported . If technical documentation could be
transmitted quickly from a central , efficiently encoded digital
archive to the user site for local replication or display, the
time and energy expended in produc in g  and moving paper , and the
need for central printing and bulk storage facilities, would be
elimin ated.

User feedback on Naval technical documentation comes from
three sources: maintenance reporting systems, tear—out comment
sheets from manuals , and surveys, The reporting systems, such as
3—N (see Appendix A. 1.5) , or NAV AI~ Unsatisfactory Reports, are
oriented towards equipment repcrting and have no special
provisions for technical documentation related problems. Comment
sheets are included with technical manuals, but their use is
entirely volun tary, Properly con d ucted surveys can gather
com prehensive inf orma tion on technica l docum entation usage
patterns and deficiencies , but they are expensive.

Most of the feedback mec hanisms in the N av y include sendin g
a response to the originator of the report. This lets users know
that the system is responding to them and encourages the m to use
it. Most reports are classified as “rou tine ”, and are responded
to wit hin 45 days. “Urgent” repo:ts involving safety—related
problems are handled within 15 days , wh ile serious “emergency”
matter s are taken care of within a day. C-n the other hand ,
actual changes to the technical manuals due to user feedback take
six months to a year , or more , depending on -he urgency of change
and the length of the update cycle.

Updates to Navy technical documentation , whether they are
revision paqes or completely rewritten manuals , go through the
same process of authoring , ca pt u r e, re plication , and distribution
used to produce the original documents. Updates may be made to

• reflect hardware changes to the documented equipment , or to
correct deficiencies reported by users through the feedback
mechan isms described above, Three major problems exist with the
presen- update system :

— 7 2 —  
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• I t  is too slow. Changes to technical publications can take
a year or more to propagate through the system. This is an :- 

-especially serious problem for safety related information.

• Updates are often technically or stylistically inferior to
the original material , since they are usually produced by a
different group of technical writers who are not as
familiar with the equipment as the original authors.

• Confiquration control is necessary to maintain accurate
records on the status of technical document s and the
technical  documenta tion inv ento r y of users (so that updates
may be propagated). It does not appear that this need is
being met [Huqhes , 1977).

n~~ y

As wi th  o ther  documenta t ion  production pipelines that  have
been studied [Irvine, 1979), classical problems exist, many of
which could be ameliorated by ludiciously applied automation and
a chan ge of me d ium from har d co py to digital:

• lack of up— to-date , com plete, and consistent source p
mat erial,

• inadequate facilities for entering and editing text and
illustration3 ,

• hardcopy media which are too expensive and too slow to
replicate, distribut e, update and manage, and

• lack of coordination between producers and consumers of
technical data for design , training, and maintenance and
repair.

Experience in introducing new technology in large
establishments with a great deal of history, infrastructure, and
consequent inertia has shown that enormous effort is required to
mak e new technol ogy gain acceptance and pay off. Therefore, we
expect that the introduction of new media such as those
postulated in Section 3 will be accompanied by nialor , even

• painful chanqes in systems and procedure s for using and managing
them.
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