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Abstract ’ ' ) . ’

Results of a one-year, NIE-sponsored study to identify

. potential technology-based improvements \in the operation, )
-access, and wutilization of - the Educatiional Resources
N Information - Center (ERIg) are described. Both current

problem areas and future possibilities are consldered with
regard to the dichotomy: system components and the total
system. Emphasis 1s on <characterizing the component
functiongs of data input and data outbut as .well as the total
system operation-'in terms of applicable criteria {data type,
. volume, purpose, performance).. Technologidal alternatives
Lo . are then discussed with reference to -those. priterla. The'

. report. mcludes with a structured summary of observations,

. fecommeqdatSOns; and possible follow-up studies. -
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¢ 1. ITRTRODUCTION

With apparently ever increcasing advancements bheing made
-in  the. area of technology Involving information sloraqe,
" computer. processing and communication, it  is - a tremendous
challenge for administrato?s of infdrmation systems to stay
abreast of the state-of-the-art and to initiate commensurate
system modifications whiéh will benefit the users. This 1is
v particularly true in the case of an operational information
. system of national (and international) importance for which
the substantial population of current and potential users
. exhibits an enormous diversity of needs, expectations and
preferences: some ate corditioned to the present system and
like things .as they are,’ others don't; spme want minor-
changes, others inslgt on major ones; some are comfortable
with technology-based systefn improvements, others prefer to
minimize human dependence on technology; some are in fact
users,’ while \many who could be are not--for whatever
reagsons. Needless_to -say, Jt s -extremely difficult -to
redesign the system to. encompass and satisfy all of the

above . ] ’

‘lil Study Groundwork'

The Educational Resources Information Center (ERIC) . of
the Natjional Institute of Education (NIE) was designed and
developed in the 1960's. ., A good early description of that
system is found in an article by Marron publis$hed in 1968
[ERI-1) .* The components and types of ‘'products of ERIC, as
they existed at that time remain remarkably simélar to their
present- day versions, although a long - list- of commendable
improvements . have been made over ' the years [ERI-2]}.
Marron's paper also makes several important points with
bearing on this study. Flrstly, ERIC was envisioned to he’

an information ’‘system "available to all segments of
education,”" including teachers,. administrators, planners,
superyisors, counselors and students. However, it was

-realized that ERIC would definitely need help to achieve
such an ambitious goal, through the deve]opment of a

supportive network of resource organizations "such as
regional educational laboratories, various state .agencies
and numérous local information centers. This, then, led to

advocacy of the wholesale-retail c¢oncept for ERIC “which
still appears to exist today. That is to say, ERIC pavas to
be the "wholesaler”™ of information productsg and serVJces
while various other organizations would assume the retailing
of those products and services and, hence, the direct

- . ~

. . ‘ B !
; ~ . - .
-

*Note: Due to the multi-facet nature of this projeot, the,
- . - BIBLIOGPAPHY is . organlzed into categoriec listed in’
' ' alphabetlcal “sequence - accordlngx to three-letter mnemonic
labels repreqentative of particular sybjects. With each
, such category, e.g., ERI (standing for ERIC Descriptlon),_ a

K selected set of publicationq is ]isted in numeric order.

>
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interaction with the massive user population.
%* .
Secondly, ERIC was viewed as a kind of hybrid system
“from the standpolint of being partly centrallzed and pavtly
decentralized. The latter applied (and st'ill applies) to
subject specialists working ‘in the then 19 (presently 16)
. ERIC clearinghouses located throughout the U.S. to provide

input to the systemy decentralization alsa, of course,

applies with regard to the above-mentioned type of retall v
delivery of information to users. ©On the other hand, ERIC.

was portrayed as centrallzed in .terms of document
processing, - computer activities and management functions P

pertaining elther to Central ERIC (i.e., the NIE-based ERIC
management) or the ERIC contractors (e.g., for producing
microfiche of ERIC - documents) . Both advantages and
disadvantages of such a hybrid apprgach to the structure and ‘ ,
control of a nationwide informatiohmfsystem/ﬁetwork were
indicated by Marron. / o

 Por purposes of this study, the above highldighted |

points about the original - (and still1 largely retained)
design philosophy of ERIC, are significant. They will bg
. seen to have considerable influence; both in positive and
! ~ negative respects, on questiohs of potential application to
ERIC of state-of-the-art technology.  Finally, in setting
the stage for the objectives and scope of this research
work, it is interesting to note Marron's description of a
goal for ERIC [ERI-1}: develébment of an on-1line, remotely
accessed search system for the ERIC files, with the aim of

-~ allowihg "any interested institution to 1interact with the
ERIC database, from any place in the country, or the world,

using a commescially available communications system." At .-
face . value; this =~ Yjuote . points -to the  powerful
‘computer /communicatiqns networks available .today. To " what

extent ERIC has’'achikyed the above 1968 stated plan will be Ce
observed through the functional description of .the current v
ERIC . system to be presented in Sdction 2.3. To what extent
ERIC could or showld utilize technology to improve its:
information products and services underljes the objectives

o " " of this work. 'Before describing - those objectives, more
' should be said about the ERIC—relate%{literature. - ®
1.2 Pertinént Literature y R _ .// .
A variety of publications presenting the

characteristics .and _uses of ERIC is available and was used
y . for‘thiS‘stud}. Such descriptive materjal is identified in .7
s e , .the "ERIC Description” .or ERI category of the adjoining '
n o bibliography. However, ERIC has also been "the' subject of

fgﬁr~'}v - . much  public discussion and evaluation over the last decade..
e : ,  Ample examples of both praise and criticism‘can be found in
L .. the open -literature. : - o . | &

e i mia.
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Among the most substantial (although  alrcady dated)

ERIC  evaluation studics 15 the one carried aut by F)ye
JEVA-L1} . Tt should be noted that {ts ecmphasis was on
evaluating ERIC products and scrvices, by mcans of survey
techniques for mecasuring use and wuser reaction. wWhile
results of such a study may <carry implications fov

Improvement of the syslem (as will be evidenced later), they
must not be Interpreted as rcrepresenting a.divect system
evaluation as such.

Many other studles, e.g., Steiger's work which focussed
on -retrieving product ‘information from ERIC [EVA-2), could
be referenced here and chhracterized with . regard to
differing evaluative emphases. However, a more compact and
efficient way to accomplish that purpose is to identify a
recent NIE-spongored study by Havelock [EVA~3). His paper
reviews over thirty empirical investigations into one or
more aspects of the ERIC system, carried out during the
period 1969 to 1977. " Descriptions of applicabhle
methodologies and salient finding%ﬁare_included‘ -

Among the most interesting and -pertinent results of

Havelock's work, speaking in behalf of the ERIC evaluation
studies collectively, are the following: .

1. The bulk of ERIC searching 1s still done by hand.
However, particularly in recent years, considerable
interest in on-line searching has been shown. In
fact, 1if ther€¢ appears - to be,an area of rapidly
expanding and strongly advantageous use of ERIC, it
is on-line searching. Users of on-line facilities
report very bhigh levels of satisfaction, especially

. with regard to speed‘and flexibility. -

2. Input processing practices among ERIC cleringhouses
vary considerably ~ with little agreement or

coordination of effort. Also the studies analyzed

. by Haveldock exhibited a lack of information on
"ERIC as a whole," e.g., '~ with - resgpect to
interconnections among its component parts.

3. +» Almost three-fourths of . the standing-order
cistomérs - of microfiche are colleges  and
universities, suggesting limited access to that
medium by the vast Qﬁajority of other educators.
ERIC is actually used by a small proportion of
those for - whom it has potential relevance and

/bepefit. r L

4. The most salient and consdistent finding across the
studies reviewed is the need for services that are
highly = localized  and immediately. and easily
‘accessible. | Apparently, . the vast .majority of
potential ERIC users do not use ;| it’' because they

~!



percelive a Tack of  such  Jocald accesaibility,

Regrettably, becausce mogt LRIC studles . consider
only persons yho are ERIC users already condil iond
to ERIC accessibility ag it exlgts, the "potential®

user concerng atre negicctad

5. No credible or reagsonable approach has been found .
for subdividing or partitioning the ERIC (ile to
render access more effective and efficient for
specinl categories of users. '

-

—

A draft copy of Havelock's reéport [EVA=3] was made
avallable to this project several months after the latter
started in 1978. The above-stated (often literally guoted)
results will be shown to. provide confirmatlon or
reinforcement for various technology-based improvements of
ERIC to be suggested in our work.

1.3 Objective and Scope

‘Consistent with the originally stated project scope,

the éfimpry purpose -of this study of the ERIC system was to

. identify potential improvements in the operation, access and

utilization of the. system through the application of

~ state—of-the-art technology both to system components and to

the system _ whole, The improvements were to be

" presented in tekmﬁ of possible. alternatives along with

. ihdications of associated benefits to be deriVed. 1In so

doing, this report was to suggest or point +to specifio

avenues of further, mwore detailed study, design and,

perhaps, 1mp1ementatlon involving ERICy it was not itself

td result in actual design specifications for any particular
'technology ~-based alternative described.

. N Besides considering the above- mentioned dichotomy
v -between component- and total system-— orieptation (to Dbe
- clarified further in the next s¥ction), this studg was also
t® address the question of ERIC improvement from oth of the
following standpoints-

1. ,given identified problem areas in the ERIC system,
how can technology serve to Kallev}ate if" not

v ;91iminate them? ‘

. ' . ~

0 ; | 2. Given known advancements in technology, how. can
N - they q? brought to bear on the FRIC system?

AY
N
WY

AU Wigh regard to the former, the NIE specified several problem
areas of particular goncern. These could generally be
charaqterized as pertaining to interest in improving or

., . -determining altq;native technologjcal means -and modes’ for:

S oo inputting or representing doéuments and1 surrogate data,

. A
R . ) .
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followed by z-‘sltor:—u_]o and updating ol the resulting vlata base,
and leading t¢ outputting or pregentation o[ those
documenta/data to the users.. BElaboration on these study
interests, supplemented and then priovitized in | agreement
with the NIE, {is” provided in Section 2.

As far as the second above stated study standpoint is-
concerned, we were given the freedom to considerl|any other.

prospective application of technology, ranging from the arca
of micrographics to mass information  storage devices to
computer /communications networks and distributed priocessing.
The work was, thereflore, to be partly.pragmatic {in nature
with respect to currently fecasible problem solutions and
"improvements and partly futuristic or "blue sky" with regard
to desirable but, perhaps, not yet economically or o¢therwise
attainable use of technology. That attractive license to
conslider virtually any reasonable *applicatilon of
state~of-the-art technology for the improvement of ERIC was,
of course, necessarily d¢onstrained by the limited ne-year
duration and the relativelyvy small level of effort allocated
to the , project. Furthermore, as is to beé  expected,
NIE-indicated prior{taes on study topics were folloyed.
Consequently some topics received considerably more
attention than others, and still :othexrs had to be neglected
or altogether omitted, ' -

™

A

1.4 Support{ve Reso&rces

In addition to the pertinent 1n£orm;\zbn to be found. in
the 1literature, as reflected by the adjoining bibllography,
.this project was significantly dependent on the ;availability
and cooperation of a number of resource personnpl who were
actually visited and consulted to varying extents. Members
of the following NIE/ERIC-associated staffs were involveéd:

‘1. | Central ERIC staff (Washington, D. C.)

«Tﬁf- staffs of almost half' of . thé '~ ERIC
clear inghouses (located in the ‘ﬂashingtopr D.C.

area, Ohio'and Illinois) _ - \"
. 3. ERIC Facility stafﬁ (Bethe da, MD) N .
a 4. ERIC Document Reproduct1on Serv1ce EDRS (ArlJngton,
va) - ’ .o . .
5. 'Researcg and Information Serbices\ fof

Education-RISE (King. of Prussia, PA) /

’
i
!

/Other ERIC-related personhnel were contacted less formally at
conferences or through telephone calls.

o
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Supportive resources were also . made available within

the National Bureau of Standards. The principal
“investigator had access Lo a number of experts in the areas
of micrographics,. .tomputer/communication nelworks and
distributed .processing, . and | other technological
speclalities. . Noteworthy contributions are acknowledged

where appropriate in the text of this report.ﬂnd/or through

)]{st{ngs in the bib11oqraphy

,1-5 Guide to this Report : -

To generate a re%dable and useful product [or ‘the NIE,
this report is purposely organized and. indexed.to (acilitate
access to its contents. Fjrqtly, the approach to conducting
the study 1is . described in Section ' 2. It includes the
methodological con51deratwons, foci of 'attention and study
pr*orities which were used to guide the investigatlon A

.functlonal desctiptlon of the current ERIC system is also

presented. ‘ThHe reader who is alreally familiar with ERIC and

less interested_ in. methodology and priorities than in  study
results may wigh to skip Section-2 and go ﬁlrectly to one of
the other sections. * ] ‘ .

The reader can access this rteport in either of the
fFolloWing ways: : :
1. Guided by the subtoplcs listed in the Table of
Contents under €each of the three major redult

. - chapters, ) .

8 Ve L
Section 3: Component-Oriented Considerations
Section 4: -Total System-Oriented Considerations

. ' . ) 1
Section 5: Conclusions and Recommendations

identify and locate the corresponding'report

segments. _ . ' &

2. Guided by the Subject Index.which is attached,
determine whether and where somethlng is said about
a toplc of 1nterest.

o
4

Theifirst,'above'stated ‘approach to accessing study .

"results confirms  the : objective (see Section 1.3) of
“considering technology application prospects both" for ERIC,
~systam components (Section 3);as well as for the ERIC system

.

on the whole (Section 4). In each case, per tinent
characterlstlcs and criteria ‘aré developed and use of
tabulations of available alternatives is made, tied into
discussions of the . pros and cons in the text. : .

Sections 3 and 4 are inténded to}present the . spectrum
of’ aSSessments]made and- prospécts identified in this study,
both wlth,regard_to current as well as pobentjal future use

i
&
-



their proper context. That ig to say, for a'iarge,'comglex
system such as ERIC (and 1its agssocliated, gupportive
information centers), technological  innovations  or
_improvements cah be suggested; howeder, the 1likelihood of

' . ~ -
of technology in ERIC.
are interspersed ip those sections. Illowever, a concentrated
summary of conclusions and ‘recommendations affecting ERIC is
not made until Section 5. The rcasons for this separation
include our percelved need and preference to place
recommendationg on technology-based improvements of ERIC ip

their success  Or passible acceptance 1is necessardly
guestionable until or unlkss other,, perbaps. "nontechnical”
but highly influential ‘factors. are taken Into account.
These factors may be sociological, psychologiaal ~ and
economic in nature.' Because we were able to elicit a number
of such influences during the course of this work, we deemed
it preferable to add appropriate qualifiers and conditions
to our recommendations. The interested reader, therefore,
has the additional alternative of goilng directly to Section
5 for such context-based results. -~

B

Many specilic suggestions for FRIC




2. STUNY APPROACH

To foster better understanding of an investigation into
how a particular system might be improved using technology,
it is incumbent of the dnvestigators to describe the systenm
studied, the methodological gquidelines established, the
definitions employed, the assumptions made .and any otherx
factors -which serve -to clarify and delimit the basis and
applical®lity of the results obtalned. As was stated
earlier, this section .may be omftted by-the reader who
already knows the ERIC system well and is primarily
interested in a cursory look at the results found in one oOr
more of Sections 3 through 5.

~

2.1 Technology and Users

The word “technology™ probably conjures up such terms
as "machines,” “equipment,” and "hardware" in the minds of
most people. .When placed into the context of information

procaessing systems, these are usually exemplified by
computers, communication devices and micrographics
equipment. Technology also leads many people, especjally

.- those who are not very technology-oriented, to think about

prospects of ever increasing automation (or replacing humans

‘by machines) and about what wusuvally appears to be the

wr

all-consuming emphasis, namely greater efflciency in- system-

operation.
: . {
However, efficiency should not be the only determining
factor in assessing system 1mprovement. Particularly in
information systems su¢ch as ERIC, involving significant

‘human interaction with machines, the effects of technology

#7

4

_comprehensively. The user-system relationships must alsq be

on system  performance must be { evaluated more

taken into account [EVA-4]}. This means ‘that besides typical
questions about' efficilency (involv}ng such quantitative
measures as co8t, .volumey, capacity, throughput, time)

questians . about effectiveness (pertaining to the more-

qual@tétive aspects of the system and its products) and also
about synergism or symbiosis (dealing with characteristics
of the user-technology interface, user needs and preferences

.and even various environmental influences). must he answered.

Consequently, selected,interrélﬁtionships between/among the
efficiency-effectiveness—-synergism considerations . can lead

" to  productivity,. cost-benefit and other = meaningful

evaluation stgdies.

e

Althoﬁgh th{é study is not an evaluation as such of the

ERIC system, its investigati've nature nevertheless carries

‘sbme evaluative overtones. ,When asking about how well ERIC

would ‘do given ‘certain types of technological changes or

~innovations, therefore, %t“ is " important - to  have. an
s

understanding bf what stem testing and evaluation, when
formally carried out, are all about :[e.g., EVA-S5]. Effects

of techﬁblogy,_can be . assessedgvéFY(selecti elymyith’only
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efficiency in mind [EVA~6] or comprehensively with inlerest
not. only in technology but also in the associated people and
thelr Interactions with the Lechnology [VVA-T).

¥ 4

The main purpose of the aboJ% discussion is Lo canvey

the ' orientation’ adopted for tLhis study: technology-hased
system impxovcmcnt% of ERIC should  not merely be
hypothesiied and recommended  in lechnical  Lerms using

efficiency arguments; they must also be Justified with
regard to psychological, sociological, management and other
coniderations‘ applicable. to the people  (end users,
Intermediary users, poLenttal users, staff, administrators,

- etc.) associated with BERIC. While ¢Lh\° approacl makes a

study congiderably more complex ahd Aifficult in nature, it

- also promises to generate more realistic and vseful resulta.

2.2 Meghodological Poigts

Because this small-scale study was not commissioned to
be a formal ~ evaluation of the ERIC system or 'some part
thereof, methodologies for testing it, .carrying out

»

"experiments on it, conducting well- stluctured pilot studies-

in conjunction with i, and other .such possibilities do not
apply . The objeptivgly\gptained, statistically significant

evaluative data that 'coul result from- such studies .are
therefore- not to be found 1in this report (except via
reference to other publications). Hopefully, as will be

discerned later ,such well- -organized, follow-up studies will
be precipitated by our work. ,

< How, then, was this investigation into technology-based

impr@gvement of ERIC, probably the \first such attempt to

geriously consider technological alternatives for ERIC on a

Sﬁobal basis, actually conducted? The general approach can
be characterized as ‘follows: -

NG
1. 'Project organization and scheduling, in -terms of
major focl of. attention (Section 2.4) ‘and study

" priorities (Section 2.5), .to aksure that at least

the most important alternatives would be considered
’during the one- year study period. ¢

)

2.'.Information collection and*compilatlony given the

j availlable. literature and = utilizing the various’

- i NIE/ERIC and .NBS resources people identified in
: . Section 1.4. : . :
;'3.' Assimilahion and attempted correlation of the
‘ information on the ‘ : - '

v

S | (a) ERIC system, on the one hand,
SRS : with its operational problems
- and prospects, and the

E——

Presepg;and potentlally
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applicalsle (to FERIC) technology,
on the other hand. .
4. "Development of profiles of pertinent -information

processing and communication characterTstics and

> I

N Lriteria to enable structured =~ comparison  of

ecﬁnoioqtcal alternatives.

5. Formulation and discugsion of feasible alternatives
for technology-based Ihprovements of ERIC, with the
posgibility of repeating the above stens as
necessary. K.

4

The information collection phase, with regard to the
- ERIC system, was largelv dependent on personal contacts and
* interviews. It was decided, 1in discussion with the NIE
staff, that a questionnaire approach was not desjrable. The
visits and-interviews produced much useful bpt  obviously
subjective material. A number of the collected thoughts and
opiniong about ERIC will be reflected in later parts of thig
report. .

-

-
]

In addition to the five stepd or phases Optlined above,~

this investigation , was . necessarily also '.dependent on-

.investigator knowledge, experience and evep -intuition.
- Recommendations must therefore be viewed as outcomes of
investigator-controlled syntheses of available  facts,

opinions ‘and conjectures. -This means that the results are

largely sdubjective in. nature, representing investiqator

‘Judgment "or opinion. ‘However, -that subjectivity is tempered

somewhat by presentjing alternative configurations or
solutions (as opposed to only the. one ‘deemed’ "best")
whenever possible. . - -

N & ' )

2. 3 Functional Descciption _

ERIC fs a national’ informatipn system ‘'which was
intended to serve the following two needs of the educational
- community [ERI-3}: to acquire and guarantee ready acce%y’to

the rang of bhard-to-find education literature, and to
produce new infopmat;on products for decision-makers and
school personneg based on the volume of reports and re]ated
- material. .

i .

—

‘To achieve the above stated purposes, ERIC carries out
the fol?owing broadly stated actions [ERI- 4] o
1. Collects, screens, -organizes and 3 Bisseﬁihates
{. ' reports ! S - Lo

‘Furnishes . copies of -educational ‘ld uments at
nominal cost - S =Oi). -

~
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_clehringhouses into

3. Nels as an archive of ecducational literature

4. Prepares interpretive summaries, research reviews,
and bibliograpbhies on critical topics in education

5. Services Information centlers throughout the counlry

6. Answers education information questions

K

*But these do not reveal how and where documents are

collected, copiled, archived, etc.; 1likewise, they don't say
how the other services are prqvided. However, answers can
be elicited from a variety of descriptive materials, as
indicated by the 1istinq of items in the ERI seqment of the
attached bibliography.

To get a better understanding of what caonstitutes the

- ERIC network, and what is dpne where, refetence is made to
Figures 1 and 2 respectively. Figure 1 displays. ERIC with"

emphagis on 1its four levels regardless of interconnections

‘ among *components [ERI-5). Of particular intérest 1is the
nationwide . network - of 16 clearinghouses. . These.

clearinghouses collectively ‘represent the primary source of
input to ERIC. According to ERI-4:

Each 'specializes.- 1n\, a -.different,
multi-discipline, - educational area.
Each searches out pertinent
documents-¢urrent research finrdings,
project and technical reports, speeches

\ T and unpubllshed manuscripts, books, and ' -

professional .journal articles. These
‘materials are screened according to ERIC
selection criteria,_ abstracted  and
indexed. all of this information .is put
into the ERIC computer database and
announced  in the ERIC . reference
publications.

But:‘Figure 1 does not give/ emough detail about the flow of
documents and products /through L ERIC, ultimately to be
accessible to the user.. At also gives no evidence of what,
if any, technology 1is/currently being employed at various

nodes of the ERIC . network. Figure 2 characterizes the
. intefrelationships and

it also gives general hints on the
use. ’ : =

42 )

‘processed and  dichotomized by the
aths for the report literature and the
‘respectively. Aside from the

technology presently i
Input items are

journal  literature

‘miscellaneous types/of equipment: (e.g., 6n-line termipals to
"commercial search
,conjunction with /providing 'services in their roles -as
.special 1nformati n ce%ters, the clearinghpuses are ' mainly

stems, copying machines, etc.,) wused in

3 : v : . \‘-
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involved with OCR-oricented Adevices which  allow document

surrogates Lo be inpul to { he database Via the IDAER Ka

Facility. On  the  oulpat side, they have arncoviment o of
cquipment for reading and mayhbe printing from microfilm,

besides ordinary copying machines. As will be noted later,
a (ew clearinghouses have been involved with special efflorts
or’ experiments {n wusing other technology, e.g., word

processing computerb.

The journals path of the input dichotomy (Figure 2) is
handled relatively casily by forwarding. the document
surrogates only -(no paper copies inJolved) to the publishing
contractor who then produces the Current Index to Journals
in Education, (CIJE) and other spinoff publications. Our
study does not ‘concern itsclf with the composition and
printing ?qujpment used by the publishing companies.

On the more complicated side of the 1input dichotomy
(see again Figure 2) is the processing of the report
literature. Both the paper copies and the surrogates (on
OCR-compatible . forms) =~ o documents accepted by ERIC
Clear inghouses .must Dbe suéqitted to the Facility. The
latter then " edits and validates the surrogates (abstracts,
index terms) and adds them to a computerized database, using
OCR equiment and the computer facllities of a commercial
timesharingd service. Bs a consequence of this surrogate
data' processing, the abstract journal Resources in Educatign
(RIE) is produced by the Government Printing Office . (GP
and, furthermore, the database segments are sold, (
magnetic tape) to commercial providers of computerized
search services and other agencies with their own compute
search systems. The various local information centgrs can
then of course have access to them. .

One more branch off the Facility node (in TFigure 2)
remains to be discussed. The Facility must also prepare the
paper copy documents themselve for filming by the ERIC
Document Reproduction Servige (EDRS). The latter has the
capabilities to produce. microfiche of all the submitted
documents, and either to provide microfiche duplicates for
about 680 standing-order customers or to generate paper coOpy
reproductions of documgnts and microfiche ‘*duplicates in
response to customer orders. This micrographics activity in
ERIC represents one of its heaviest uses of technology.

2.4 Foci of Attention

Realizing that it would not .be possible in this
, one~-year study to consider all¥aspects of technology
appl{catioh to ERIC, an early requirement was. to identify
the - major foci of attentiok. Figuré 3 gives a diagrammatic
overview of the areas which, from the investigator's
viewpoint, appeared to be most critical and which promised
most fruitful results in terms of technology-based
improvements. As was stated in Section 1.3, ERIC was to be
.considered both with regard to selected co“ponents~_as well
as 1its network on +the ‘whole._  Corresponding topjics are
outlined in the following two subsections respectively.

- . 10%),
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2.4 System Componentn
\

. t B L p " E
With reference to the circled numbers in Figu

component-oriented topics that appeared to be mos
and critical were

components,, of ERIC,

Vs

(1) The means and methods for entering
documents and their surrogates into the
ERIC gystem, whether dinto
machine-readable or other storage medijia.
This was to entompass scrutiny of ERIC
microfilming of documents, on one hand,
and various computer—oriented Lechnjques

other hand.

(2) The means and methods for outputting or

presenting (to ERIC users)- those data

7 that were somehow input to the system.
Thus this topic is of course Intimately
related to or dependent on topic (1).
However, the emphasis here was to be on

re 3, the
t relevant

@

(e.g., OCR and word processing), on the

the technological user-system interface -

which presents or displays the
information. ‘

?
2.4.2 Total System

After considering the above-specified

functional

emphasis was to shift to the ERIC

network on the whole. “Selected topics were, again with
reference to Figure 3: t :

4

the

(3) - Possibly complete restructuring of ERIC
based on applications  of computer
networking, distributed processing,
minjcomputers, etc.

(4) Under the umbrella of topic (1),

-~ technology-facilitated communication and
coordination of ERIC clearinghouses,
staff and manag€ment. ’

oy

S

- (5) Likewise .in the context of studying topic

(3), the means and methods Qf interfacing
‘users to the ERIC network, with ‘the
objective of 'greater satisfaction of user
needs/expectations/preferences.

\Fihally, throﬁghoﬁt the study we had to be cognizant of
fact that the whole is dependent on its component parts:

16); Implications\ofyeffecté of topics (1) and

(2) on (3) ‘through (5), and vice vera.

- 5:',-Ig:;' o
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2.5 Study Priorities

. -V'E' . . ' -~ ‘

After corresgpondence and consultation with, NIE® on  the

focl of attention outlined above, it was determined that NIE
congidered the firgt two_ interdependent topics, namely,

(1) Data Input Or representation, and )

(2) Data output or presentation,
particularly with'emphasis on the use of microfiche, to .be
of priority interest. Some aspects of topic (5) dealing
with the ERIC user interface were jindicated as being also of
considerable . interest. . Finally, - the remaining,
above-outlined topics, Possibly involving najor

restryctyring ef the ERIC network, although not to be
Ignored 'were to be viewed and  treated as secondary in

Amportance as far as NIE was con&erned.

While this report reflects the NIE-indicated gtudy
priorities, it 1s nevertheless an attempt to be reasonably
comprehensive in gpite of the obvious constraints (in tinme
and manpowexr available) 'on this project.

s
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3. COMPONERT~ORI ENTED CONSIDERATIONS

In a large system, it ts often degirable or even
necessary to scrvultinize selected parts or components el hey
due to observed performance problems which thuy have =
engendered or- perhaps because improved means. tor
accomplishing those component functions have  become
available. - The investigators must, of course, be sure to
realize that modification of a part generally carries
effects or impllications for the whole.

This section presents the results of our study with
regapd to the top-priority functional components of data
input/representation and data output/presentation. Section
4 then incorporates and envelopes this material by looking -
at the ERIC network on the whole.

3.1 Data Input or Representation .

. . « R .

Any information system must have facilities for

entering or inputting whatever information (or data) it is

' _ to encompass. In the process, it must employ the

' transformation or translation techniques which are sultable.

. for the 'available system-internal data. representation

' formats ~and media. This data 1input and representation ¢

function is discussed in the follewing subsections with

_respect to denerally applicable characteristics, different

'technological means and media, and compar ison of available
alternatives. ‘

v

\ 3.1.1 1Input Characteristics and Criteria
. To consider technological alternatives for handling the
T, data input and representation'functionq the characteristics
- of those input data and the «criteria for processing them
must be -understood. It is, therefore, important to, first
define and distinguish-such charactgristics and criteria.
) In s6 doing, this section adopts special identifying labels
e for ease of reference and later use in the tabulated
comparisons of technological .alternatives. ‘ -

3%1.1.1 Data Types -
__. The_ﬁypes of “data that may, in general, be enteréd into
~an. information system can be categorized as follows, tying
‘bthem'intoathe most prominent and suitable sensory faculties .
% of human users: ’

tL

3
,

Di,\1Visual'data"' . C ) ' ' 0
{'3 ; (1) Teitqal 6{)alphanumef1c'

}LA) Fu}i,ﬁéxt of any documents (papers,
: -reports, procedures, etc.) '

n " ereietoes e e ool ot ok o Taseem s ot L L
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. ‘ .
d (b) Surreogates of such documents
' (citations, Iindex terms, abstvacts)

(2) sStatistical or numetlic.

(3) Graphie, diégrammatic and pictorial

(4) Combination of above: ]
D2. Addio data (e.g., speech, music)

3. Tactile data (e.g., in Braille) ,

- - D4._ Combinations of above
. ' “ (D Audiovisual ‘ u . : e ?
- (2) Other

i The ERIC system is  presently  almost exclusively
o, oriented to processing visual data (Dl) which are textual-
: ~ and 0f the printed and/or microfilmed varieties. The
: go—-called . nonprint. items, such as films, filmstrips,
- .videotapes, audio recordings, etc., can not as yet be - input
and processed. “ i

., From the  human sensory standpoint, the above
categorization can be Interpreted - as substantiallv _
independent of the media employed. 1In a way,- that  is what ‘o
information technology' is about: .the maintenance Of the .
identity of a type of data (or information) such that it |{is
recreatable or reproducible (ideally) without any loss.of
accuragy or even aesthetic appeal. 1In addition, it may . be
possible to transform the information using technology in
order to énhance it-and/or complement it with other types of
information (e. g., in multi medla representations)

Realistically, each of . the above categor{es, of -course,
becomes associated with the most prominent current: media
available. For example, textual data immediately suggest
Eapen‘documents or microfilm or computer storage. But which
, ‘18 most appropriate? ‘Likewise, which technological media
_ C ‘for input- and representation are available for each of the
S ‘.. .- other above-categofized types of data and why is one ®*better

* + ‘than another? MW pursue such guestions further, additjonal
S ‘characteristic guide®ines are developed in the next
- zsubsections. ' -

Ta

ﬂ% ,':/'_‘.f - 3 1.1.2.Data Ouantitios

1

.G

TS One of _thg @degerminlng factors . in_. deciding  what’
technology to use to input data into an ‘information system .
' is the :sheer guantity or .density of the data. We know that
- the full text of. some document may be several hundred times :
y,‘as voluminous as a surfbgate, such. as - its _abstract. . Thig

. N . L L v . N - -7 ; cav v . M N b }
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obviousgly has implications ¢n how much input processing time
and effort must be oxpended on the two different  levels of
document representation respectively. 1t also has a Lear ing
on the pure storage. capacity required, on whatever mediumn,
to accommodate the data. In addition, the rate of [low of
such documents Into thesystem mugt be considered to gauge
the collective effects.

Similar statements c4¥n be made about the. other data
categories llsted in the grevious section. In some of them,
there are additional complications such as their conversion
from an ahalof.form of data (e.g., a pbotograph or an audlo
recording) to & digitized counterpart. The resulting data

- volume (depending o©on sampling technlques employed) may be

substantially .greater and less .compact. It wmay also, of
course, be less accurate than the source.
- { )

. In order to arrive at some general guidelines
indicating levels of data quantity or volume of relevanrce to
the ERIC system, assume that a typical report consgigsts of
the equivalent of 100 pages, 60 1lines per page gnd 100
alphanumer ic characters per line. Such a report would . then
amount to 600,000 characters resulting 1in . the need fot
approximately 120,000 words (on a 36-bit computer) or

150,000 words (on a 32-bit computer) of storage space. This

rough approximation (not counting overhead) can be used

further to "estimate the reguirements of handling ‘a-flow of

such documents over a period of time. For example, assuming
that ERIC inputs about 1200 such reports (for RIE) each
month, input processing would involve " about three-quarters
of a billion characters and in the neighborhood of a 150 to
180 million words of computer storage. We shall term such

input volume "high level." .

_ On the other hand, a bibliographic citation of that
.same 100-page document, along with descriptors and abstract,
" may typically consist of 60 lines’ of 50 characters each.

Its 3000 characters ‘require relatively 'little storage,
ranging from 600 to 750 computer .words. 0f course the
monthly .input ‘of 1200- such items still requires from

. three-fourths -to nearly one million words. We shall
i\, consider that input volume to be relatively "low level."

Thirdly, the "~other (categorxgs‘* involving graphic,

. pictorifal and audio data‘:are much more variable in terms of

data volume and hence less easily categorized«, AS is well
known, "a picture is worth a thousand words" and in fact one

1_di§itizéd'phoﬁdgraph maw well require millions of point dpta
(identifying shading, color, etc.) to be'stored. Hence, the
.per-item-volume for such data must generally be rated very '

high, . but the number of such items ®lowing into the system

.could conceivably be guite low. Hence, we will  consider
this input volume to be "special.” S

f
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~,  To summar ize (or purposcs of lnib’ veference, Lhe  Adata
Input volumes are slmply classificd as

vi. Hdigh volume
V2. Low volume » ,
vi. Special volume
3.1.1.3 Data Purposes T , .o \\

" ' vy "
The decision on which technological medium to use for a
) given data category with an associated volume should also be )
2 dependent on the purpdse(s) of the data being entered into ' +
the sysrom to begin with.
It would be poor planning Indeed to input )
high-quality data stream into a perhaPs castly technological
# medium without justifying thaf input in terms of intended
‘\ processing purposes and uses of the data. .For example, i€ a .
\ * full-text document is only to he reproducible but not .
searchable (for ahawera to queries) ‘in 1ts full text farm,
it makes sense to consider a meditum which {s less flexible
and costly but serves the pu?ﬁose adequately. However, the
consequences of such a decisjon, in terms;of precluding the
- future searchability -~ of the Jdatabase, mist be fully
acknowledged. . .
Similar questions apply to the other data Ccategories.-
Statistical -data may be simply collected for purposes of
reproduction (analogous to the alphanumeric case), maybe in
some established tabulmr format. It is quite a diffexent
matter if those data are to'be analyzable by cemputer. This
es conversion to the internal representation wh:(ﬁ %s )
late r computer processing.

-

Anot ‘kind of fdag purpose which warrants
‘identification is transformation to some alternative form or .
view of the rehresented information. This is exemplified by
'graphic data which may be structured for transformation
using computer graphics. Similar effects, although to
differing degrees, could’ result in processing pictures or -
photographs (by means . of gophisticated digitization and

. S

L pattern . recognition . technigues) as well as audio data (hy . gg?
) - means of ‘advanced speech. recognition/analysis_ and .music \ S
. _ ‘digitization/recomposition methods). vhas i

o

, In summary, .the"following three, major \purpdses of
e R 1nputt1ng ‘and  storing data in an information system should
: ' ‘be recognized: , : .

4

- 'g_ . . Pl. Data?(ltem)“Reprodubtion or Copying ' ,‘
R 3 . ~ ’ Y ) .

Wi ®0 .0 p2. pata Structuring, Searching ‘and Analysis
“( . . . .. . . ) -_‘ ° , 4! . i




L

P3 Data Translormation or Medilicatiion

. ! . ) ,
Again, the assocliated labels are employed in Yater scctions
tao  factilitate reflerencing and conparison within the goneral
framework of significant facltovs being developed.

#
3.)1.1.4 Per formance Criteria

Having ﬂcalt with the questions of what type of Aata is
to be input, how much of it, and what the purpose of the
Input data is to.be, we can ask about how fast and how well
the  suitable technological alternatives available can
process the input. But, 1in order to try to vespond to the
latter, at least gencral performance-~related guidelines are
necessary. Using the efficiency-effectiveness-gynergism
trichotemy mentioned in Section 2.1, management qguecstions
about technology-based performance can be categorized as
follows: .

El. Efficiency:
Qhat is the-rate of inpﬁt processing?
How %uch does the processing cost?

E2. Effectiveness? .
‘How well is the data.purpose met?

E3. - Synergisn:

| How satisfied are the-informatién users?
p&he above—-stated . questions are jﬁdicative of- those

which are likely to be most important to persons considering
system changes. Thelir priorities may be such, however, that

.the cost question may predominate the;rest. In a formal
‘evaluation of a system, guestions Yike those stated above

can be interprete as performance criteria for which ‘the
evaluation team must collect various kinds of objective and
subjective information, by means of appropriaﬁe measurement
techniques, questionnaires, etc. Consequent? ly, answers' to
the questions must be obtained through meaningful
presentation, )int@rpretation and use oﬁf the collected
information. ] . ¢

For purposeg of this study which 1is not a system
evaluation as such, the above-stated performance criteria

are-also employed but only to support general comparison of

var ious technological alternatives. Such comparisons are
made . in several sections of this report. : :

{
Y

3.1.1.5 Framework of Factors
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@Hben the characteristics which were hroadlv defined in
the previous subsections, our invest igat ton of
Leano}OQy ~bhaged tmprovement of data inpot and

representation In the ERIC system can be On%@pqulat“d wilh
(efer% ce to Table 1 as follows:
i
/l) With 2 number of different types of data
to be input, presently and perhaps in the

/ future, as a subset of

Data Types D1, D2, D3 .and D4

(Section 3.1.1.1)

o,

(2) And with different quantities of such
data to be processed, given
Data Volumes V1, V2 and V3
(Section 3.1.1.2) ;

. )
N
————
&

- ¢

(3) And having different reasons or purposes

for dnputtipg such data into the system

in the first place, namely '
Data Purposes Pl, P2 and T -
P3 (Section 3.1.1.3) ‘ ‘

¢

o~

\ - ‘ (4) Then, 1f the desirable levels of performance
' : : can be specifigd somehow (preferab]y by
management), in terms of
' Per formance Criteria El, E2 .
. ’ and E3 (Section .3.1.1. 4) ,
(5) It should be possible to identify technologlcal
means and methods which are being used or Sy
. could ' be used ‘to accommodate diffe;ent data Y
. - - input profiles, i.e., '
D-V-P (Data Type-Volume-
Purpose) c¢ombinations, -
with regard to required or desired performance
criteria B. \
. \
“ \

With reference to this frhmework of factors, which is
intended to provide some structure €o our considerations of
what ERIC is doing and can do with data input technologv,
the folldﬁing sections disduss the major .existing and
potential alternatives. ' ) . ,

) - ' _ "~ 3.1.2 Microfilm apd Fiche
$ . X
"~ The rminplogy employed in the arqp/bf micrographics,’
] . as in Wther specialty areas, is ~often misleading  or
R ~confusindg [MFF-1). This is partly due to the growth of this
' .field which has ’led to new and perhaps unanticipated uses or
packagings of the technology, resulting in some overlapping
: if not altogether conflicting meanings of terms. However,
.2 ™ . the literature includes good clarifying reports [é.g.,
. " MFF-2,3,4).
. ol i
, 23l . . : » o v . ”‘
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Table L. Characteristics and Curlteria fox Investigaling

Data Input Technology:

3

- : —
DATA TNPUT cu_mz.zx.c'.vxgi‘ztl\sTICS: Label
iyge of Data
visual D;tg o / "Dl
Textual orxr Alphanumeric \\ DL (1)
Full Text D1 (1) (a) $
Surrogate D1 (1) (b)
\ Statistical or Numeric ' D1 (2)
Graphic, Diagrammatic, Pictorial D1 (3)
'Combination of a%ogg D) (4)
Audio Data D2
) A Tactile Data D3
“}. Combinations of above D4
- Volume of Data
High Volame ' , yl .
. Low Volume . V2 i
(ﬁf Special (Irregulax) Volpme f V3-
Purpose of Data Input
Data (Item) Reproduction of Copying .Pl'
.Data Structuring, Searching and Analysis P2
Data Transformation or Modification 423
INPUT PERFORMANCE CRITERIA R
L -ﬂégzi&iencx EL
) i/O Processing Rate "EY (1)
'3' I/O Processing Cost E1(2)
' Effectivgness . E2
g . -, Quality of Results (w.r.t. Purpose)
| IR anergism\ ‘ ¢ - E3 7
-3:: ) ““User satisfaction | e

¥

|
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In this sgection, we present the micrographics

technology as one | tmportant meang (o inputting  and
representing data in the ERIC uyqﬁfm Included are
assessments of various aspects of its current use as wbll as

indications of i{ts potential for the future.

y 3.1.2.1 PrOminqpce in ERIC
Without question, microforms and, more specifically,
microfiche play- a very prominent role in the currently
xisting ERIC system (gee also Figure 2). Ahout 1,200 paper
Icopies of reports flowing into the system monthly are
microfilmed. Because approximately 680 organizations
(including around 50 in foreign countries) have standing

"orders for complete ERIC microfiche sets, ERIC delivers

about 21,000 microfiche cards to cach such subscriber every
year. } '

This substantial use of micrographics, for representing
and maintaining the fuglitive, non-journal reports of
interest to the education community, 1is considered by ™ many
people to be the|{ most visdible and stabilizing element of the
ERIC. system. Among the questiong to be answered, bhowever,
are whether that stabilizing influence should be retained
egssentially as it exists or whether it should be
significantly modified and/or- “~complemented by other
technological means. -

3.1.2.2 Pros and Cons

In accordance with the characteristics defined 1in
Section 3.1.1, microfilm can be categorized as pgrticularly
suitable for-visual data (Dl), higb Volumn\ of input (V1),
with the purpose of reproducing or copying the data (P1l) for
ult%mate viewing.. In ERIC, the visual type of data involved
are primarily textual or alphanu//xic in nature.

What about the performance of microfilm technology? In
general, its -efficiency (El) is quite favorable. Rate of
input processing is of course considerable, especially when
presented in terms of number of characters "input"” or filmed
per unit time. ¢ Beyond some preparatory .work (e.qa.,
-pagigation) required to set up the document pages for
filming, the input proceqsing rate ig only subiject to, the
camera speed itself.

The.-other efficiency-related factor, namely cost, is
also an attractive feature of microfilm. Relatively low
cost for high-volume input processing, ~ comparison with
other technological altergatives sucg/P computers, was
clearly a major influencing 'force in gagithing its status in
ERIC. Yet, that statement must now We carefully qualifled
by pointing out that the above- ~-specified purpose (Pl) in
microfilming documents for _ERIC 1is, after all, quite
restrictive. It does not .allow for any aptomatic analysis

- \
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g specific features.

"of the system. . But over the years, the

.h¥stems "[MFF-6] and how to improve
m

or senarching of the data stored on lhe individual micvrafiche
cards themgelves. :

Thus, it becomes fmportant in our investlgation to
separate out what can be done well with current microfilm
technology from what it cannot do. with respect to the
former, the remainder of this "microfilm and (lche" section
is devoted to discussing our assessments of micrographidfs as
used in the ERIC system and as it could perhaps be improved:
This means that, for the useful but restrictive purpose
(namely Pl) that microfilm is able to serve with relatively
good efficiency (see El criteria), we want to consider it
also from the standpoints of ecffectiveness criteria (£2) as
well as synergdism criteria (E3). It should be reemphasized
here that our present c¢concern 18 with data input or
representation. The complementary side, namely Jdata output
or presentation (covered 1in  Section 3.2), will of course

present additional effectitveness and gynergism

considerations as they.apply directly to the users.

Those data input purposes (namely P2 and P3) which are
not served .well by micrographics will be dealt with
separately in subsequent sections on computer-hased and
computer-microfilm composite technologies.

3.1.2.3 Guidelines t6 Quality g

If a paper copy document'’'is to be photographed Lm, more
specifically, microfilmed, how 1is 1t done and, more
importantly, how 1is it done with high—quality and
cost-effective cesults? It is not the intention in this
report to present detailed descriptions of the microfilming
process. The rather extensive literature covering this area
(see sample set in MFF segment of adjoining bibliography)
can be easily .referenced for technical discussions of

Ny, w® .
Gl S

~In the 1960's many people were still enamoured by how -

microphotography worked “and how much fhformation could be
stored on microfilm [MFF-5}. Actually, it was reasonably

“well developed by then, and ERIC, which was started in tbe

late 1960's, saw fit to adopt microfilm as an integral part
ntinuing issues
y in information

surrounding how to employ microforms prope

e
crofilming [e.g., MFF-7] were discusséd and debated. As a

result,!various advancements were indeed made.

 Aside - from ‘having questions on how to choose from among
great variety,_of_sizes, forms and shapes of microforms,

‘besides having any remaining concerns 'about related.
- standards, . users - .of miorofilm technology have - become

increasingly sensitized' to  problems ~with quality. of

- microimages produced. A number of significant factors must
'_be taken into account in order to ascertain an . iAdex oF

techniques for’

/
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quality for a given micrvro-vecording aystem.  These range

from the vyeadability el ement (g, N e mn of
A . N . . .

character size or height) Lo the loss resulting f{rom

duplicating micrdlilm and Lo the resolving power

requirements given specified reduclion ratios [MFFF-8 and 9).

Recognizing that such technical guality guidelines do
exist, this - investigation congidered what microfilm
technology is specifically being used in the ERIC system,
how 1t compares with the state-of-the—~art, and whelher any
improvements. may be indicated. As is described in the next
several sections, our investigative procedure and results
obviated any nced to make detailed determinations of guality
. indexes for ERIC-used microfi Iming ~quipment, cven 1{ that
' had been feasible. '

v

3.1.2.4 ERIC Document Reproduction Service

" The “microfilming for ERIC 3¢ carried out Ly a
contractor. The ERIC Document Reproduction Service (EDRS)
-3 1s, therefore, not an in-house department of ERIC as such,
alrhough the document preparation work which feeds into EDRS
is performed at the Facility (see - Figure 2). Consistent
with the aforementioned fact that this studv was not to be
an evaluation of ERIC, it was deemed (in consultatjion with
NIE) - to be Dbeyond -the study scope to attempt any kind of
experimental testing of the microfilm technology employed by
the EDRS contractor. BAny extensive observation of the EDRS
daily operations was also precluded. That would have been
{ both too disruptive and time-consuming. Hence, towards
_arriving at our assessments of technology use in EDRS, the
fo\low1ng means or types of ev1dence were employed:
~
(1) Several informal v1qits were made to EDRS
" to discuss the operatipns with the manager,
tour the facilities and learn about the
S repertoire of microfilming and related
equipment in use. A draft copy-0of a document
describing the operation$ (including quality
cpntrol) wvas also obtained [MFF-10].
e (2) V151ts wesp’conducted to three other se]ecten
microfilm service centers for purposes ofy
-generall