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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. -

r

13 \ ' ~
‘ S Keyiwords-FEducationaT Resources Information Genter (ERIC) ;
t ... information' systems; micrographics; microfiche; computer
" technoloqy; communications technology ; data entry; o
. optical . character_ ~ recognitiony computer:* networks; .
' _ distributed - progessyng;.. intelligent terminals; mass/gfﬂh\\
.- _storage gechnology./} R E ' - /
_ ‘ o _ . ' ) ' ;) SN

. : wl . : 3y : |




”

-

CONTENTS

ABST?ACT AN - '

1. INTRODUCTION . . . . . . | e oo y

{ R l;l‘-Study Groundwork * . . . . e e e e e

'mfl _ '1:2” ?ertine;tﬁléerature. e ‘.'</ L2
| 1.3 Objectives and Scope - . ... ... L

1.4 Svpportive Resources - . . . . . . . . . . . . 5

1.5° Guide to this Report.( P
. 2. STUDY APPROACH . . . }* R A
’ 2.1 Technblogj!and Users . .. . \.(._ ff_‘; ;*f .. . 8 Lo
2?6 Methodological Poinés . 9
| 2,3 Functional DescriEtion T
‘ 3{4'-Foci-6f Attént}on S T ,
/ ! 2.4.1 System Compone;ts‘ o SRR ... 16
: 2.4.2 quai’System_ e e l§
| ) { ifg stddy~prio;Jties T 17 .
é .CdMPONENTwORIENIED'CONSIDERAél?NS, ST A 18
_//J 3.1 Data.Input or R;presghtation . ;", Coe 18
| ) | .351}1 GIﬂput Characteristics and Criteria . . . 18
la-= . 3.1.1.i Data Typés' . tl-.‘. e S' . 18 9a
‘ . --”371.1.2- Daga Quaﬁfities Ce e 19 i
l _.3.1,1:3. Data Purposes S UEEEEET I .2
-5.1.1.4"Perforhéncg Crite}ia- . f : -'Zglﬁ Y
| . | 3.1.1:5 Fraﬁework of%?actors i- ;f-  : 22
L 5;1.2\ Mictbfilméanﬂ Fiche  l Lo ;- coe 23 {
o G'"'j’ _— B S ! TN . j
: 4




. Page
* 3.1.2.1 Prominence in ERIC .. . . 24
. 3.1.2.2 Pros and-Cons h. Ce e . %5 '
Lo | ! 3.1.2.3 Guidelines to Quality .. .26
| | 3.1.2.4 ERIC Document Reproduction
* Service . . . . . . . . . 27 ’ <
;i~*d : = 3.1.2.5 EDRS Compared with Others . . 28
§ 3.1.2.6 TInventory Results . . . . . 29 x ) \
~j, L , 3;1.2t7 Input Documents . . . .. . . 30 . )
3.1.2.8 Reprogducibility Guidelines . N . 2
3;;.2.9 Potential Improvehenge. ARV
. 3.1.2.10 Future Pﬁospeéﬁé R N .
3.1.3 Computer-Based Means -. . . . . . . . %qS
| E | 3.1.3.1 'Range.of Possibilities . . . 35
| .' 3.1.3.2.i01rect Data Entn& e e - 37° %
Vo 3.1.3.3 Ootical Charac;er : ;, L
‘ - . ' Recognition .- . . . . . 38
) 3.1.3.4 On-Line’Terminale T 1
\ ﬁAﬂ ' ‘ 3.1.3.5\ Word Procees{nq uni?hent,. . 40
- - 3.1.3.6 High.or Low Volume . . . ﬂ \..-4I ‘ |
Qi T . | - 3.1.3.7 -Selécted Storage : - : ‘ ; = o
A o \ ' _ Technologies Co e e e 92 : :
ﬂ 3 1. 4 Computer~Microfilm Composite .': A 1 _ _ R
i ’ 3 1 5 Text Oriented Input. AlternativeQN‘ . 46 f‘ . E
i;;: ;_' ‘ 3 1.6 Nqn Textual A%&erntives . .‘5.,; .. . a8
té;. _-3:2’ Data Output or Presentation ... .,; _«._4.‘ . 48
e | 3 2.1 Output Coa:acteristics and Criterla ‘? .49 )
R 3.2.1. 1 Pata Types . . . ST, L7 a9
B K: | ".e"eel 3 2. 1 2 Qufbut Quapti;iesi.--‘f .

| 3.2.1.3 User Purposds . . . T . . .




‘ ' ’ Page
| | - 3.2.)1.4 performance Criteria . . .. .. 52
| ) 3.2.1.5 Framcwork‘of fabtors Lo .oh2 "
3.2:2 Microfi;m and Fiche . . . ) 52
R * _ .
) 3.2.2.1 Dependence on Input .. .. 52
_ N o 3.2.2.2 Rangé of Uses .. . . . . . . b3 v
) . 3.2.2.3 Reading and Bgowsi;g‘ ; .§ . .53 |
B e ' ~ 3.2.2.4 Paper Copy Production . . .. . 54 . -w_
Py ' o ", .3.2.2.5 puplication of Fiche * . '.W'  ' 55
o : o \ 03.2.2.6 JSeérching a,Fiche.poilectgoﬁ X 56
: | ‘ 3»2.é,7 Future Prospécts .‘.- f T . 56
N . 3.2.3"ComputerJBased‘Means - i~u. .- ,.‘. . b6 - .
L . . \
; . 3.2.3.1 On-line ¥s. Off-Line . . . . 5 \
| | \ 3,2:3.2 ‘Intergcﬁ&vé vs. Batch . :.. . 57
) ‘ 3.2.3.3 Hard vs. Soft éopy -.1. \. . ... 58
. " " 3.2.3.4 - peripheral storage . A “
) ‘ - ‘3.2.3.5 Reméte vs. Local Search . [ . 59
e o
oo g N L yBéi.i Computer Micrographics Composite .. . . 60 !
| Iﬁ3.2.5; Text—Orientedeutput glternat%yes e §1 7_ :
> :f" 'i- k 3;2.6 Nop;Textual Alte}natiQés ' '1 115, S 61 ?
v ..“ ' 4'.,;-,-1-,,_'1'0'1%1,_ SYSTEM—ORIENTED CONSIDERATIONS R R
‘ “'4:1 Interconneétion of-Cphponeqts . ff, R 7{l .; . 64 ' i
-§  . \ ; o - 4.1.1”'Charaqteriétdps and?Criﬁeria  :T .. . <65  ,; 
W 7 a1z S
:'4.1;3f_qistr1buted Proce581ng E 71i -
3 .4;2 Staff Network InteraCtion e Z.-: S ~?'73' ;
hf;ﬁ; f;;- : . 1. 2 1  Characteristics and Cr;éeria T L 73 @:f
e 4 2 2 Input/Output FacilltaFion w,:'_.'« . _._74ﬁ  -:$1§

‘4 2.;'ﬂCoordination with'Manégement




Page
“4.2.4 Conferencing and Cellaboration . . . . /0
- 4.3 User-Network Interfacing .. . . . . . . . . . 76

4,5.1 Characteristics and Criteria. . . . . 77

T \
4.3.2 Technological Interface. . . . . . . /8

. | ) 4.3.3 Modes of Use . ' . . . . .. . . 94?\ 9
y &Y

~

4.3.4 Types‘of Assistance . . . . . . . . 19

- - -

4.3.5 User Feedback. . . . . . . .. . . . 80

5. 'CONCLUSIONS BND RECOMMENDATIONS . . . . . . . ... . 81

5.1 . Current ERIC Technology . . .= . . S : |

5.2 State—of~-the-Art Technology . . . . . . . . . 83
. A . .
' - %
5.3 Approaches to Improvement f 85

1 ry

/ 5.4 Range of Available Options . . . . . . . . . 86

\ 5.5 Siygested Follow-Ups . . .» .+ .o . o . . . . 9

Ll

BIBLIOGRAPHY - Categories . . . . . . . . . ,-. . . . 93

SUBJBCT INDEX (Technological Terms) . . . . . . -:5 . . .. 105
' : . - !

AN
. s
-
A \
. «
\\
"-
/ a
. Al
’
. AN
¢
S
. €
Sy
N i
AN
. . ¥
. - 3
A o
e ¢ i .
. . K -
r\
_ ,
%
- ‘ ' :
i I I\J
- ’. .
., -
3 - « - '
' \‘ fl . .
%
LY 3 . ¢ ’
¥ . ) e
e e
1t
l ¥
~ :
. 3
K]
%
< .
i PR - N
’ n)




¢ 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




¥

hed

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
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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
-generally comparing their facilities and
operations against EDRS. Those three centers
had been identified as illustrative proﬂurtwon
// shops. /
(3) Summaries of results of a 13-month complete
e ) inventory (period July 1977 to July 1978) of

the ERIC microfiche collection, in addition

to a bPartial inventory of four selected segments
of the file created by previous contractors, '
were made available to this proqect by the
Fa0111ty staff

27 .'3()“ ;
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(4) A publication entitled "Documenl Reproduc- \\
ibility Guldelines,” compiled by staff members
of the Facility and BEDRS for purposes of quiding
those involved in decldling on inputting reports
to ERIC, was sent to us for review late in 1978.
The sample coples displayed In that {
document were produced by the EDRS contractor
and provide some further evidence on the - //
.quality of equipment in use.

The latter three of the above-specifled sources of
information about EDRS will be covered in the next three

3
o

sections respectively. It should be pointed out once more
" that, we" are still emphasizing the inputting of documents i
into  ERIC to be microfilmed. Further evidence on EDRS

technology and the related problems as perceived by ERIC
users and information =gpecialists will be discussed in
C consideration of ERIC data output or presentatign.

3.1.2.5 EDRS Compared With Others

-
-

Besides EDRS itself, three carefully selected microfilm
services 1n the Washington, D.C. area were vigited and
toured. The. three were chosen as being representative of an
"outstanding,” a Pvery good,"” and a "falr" service .
respectively. This subjective rating was made based on
investigator experience* with those organizations coupled
with their -reputations. It was to .encompass both the.
quality of their equipment as well as their operations on
the whole. The visits certainly confirmed those ratings. ‘

In direct comparison with the three other
‘representative services, it was con uded that the microfilm
technology and its use by EDRS can be judged as most gimilar
to the intermediate or "very good" service. EDRS seems to
be running a wespectable operation around a solid selection
"of filming and related equipment (including two high-speed
step and repeat cameras).

7 ) . It is important to note, however, thaéj unlike some %;
other microform production facilities, EDRS processes ‘
whatever the ERIC facility sends. That is to'say, judgments
on ~ whether or not a_. document is of adequate tvpographjic
quality_(i.e., type stjé, contrast, etc.) are not made by

. EDRS.- It simply receives the paper copy documents alceady
- pelected, prepdred and categorized - by level (see next
.pection), along ‘with the document resume - master (magnetic)

_tapes, apd then films the documents and produces the fiche o

~-titles from -punched paper tape (after titles are read from ., - I

' magnetic tape ‘and: converted).s In addition, it’  then '

" produces, upon demand, blowback paper copies from aCC‘Etably

_ | . K | N .
o **The principal investigator was accompanied on these vigits . - 7
... 7. “by Mr, Thomas Bagg of the National p%reau of Standards. |
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categorized microfilm.

what the above means is that FDRY is, on the one  hand,
in the fortunate position of being able to excert Lheir ‘bhest
skills to apply good microfilm technology as ef((ectively as
possible td whatever documents are already preselected for
them. MNs evidenced in Lhe next  section, concerned  with
tallied error rates; some improvements areé Indicated.
However, on the other hand, EDRS is also in the unfortunate
position of being blamed for problems, especially associated
with poor quality input documents, over which 1t hds n
control .except via a monthly problem report which can serve
to influence future input. In addition, ERTC ig safd to
have an "archival” responsibility which technically should
mean the mainternance (perhaps in some vault) of all  input
documents (or microfiche thereofl) but which in vractice
means maintenance as well as use of the docurent collection.
As a result, the,current EDRS contractor must also bear' the
burdgn of complai%té which are actually attributable to many
lesser quality microfiche geneyrated by previmous
contractor (s) .

3.1.2.6 Inventory Results

For .a period of thirteen months, the microfiche

produced by the current EDRS contractor were inventoried and .;

quality checked by the Facility staff. We were assured that
this was done on a fair, impartial .basis.  One of the
following four qualitative scores was thereby assigned to

each microfiche: \\ ¥
1. No Problegs - Good Fiche . o | %ﬁ
2. Minor Problems - Acceptgble- Fiche 'i
3. Several Problems - Maf;inal Fiche ‘
4. Serious Problems - Unaéceptable Fiche L

™ . oy

Wwith the total number of monthly RIE accessions ranging from
a minimur . oS 1,081 to a maximum of 1,590 auring”thgt

*13-month trigl period, the monthly percentages of all items

which received above-indicated scores of either 3 or 4
(collectively) averaged at about 2.3%. This figure excludes
the Level III documents which are 'not actuvally nade

\.__available, as discussed in the next section.

- problem cases. An assort

In responses to each monthly inventory and quallty check
summary, EDRS provideddetgjled explanations of identified
S aént of difficulties can  Dbe

elicited from = those  responses, . ranging from camera
malfurctions to human operator error. This interchange

between the ERIC Facility .and EDRS is itself a constructive,

worthwhile step which surely leads to greater: sensitivity oh ’

.
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bhoth sides to existing problems and to theirvr alleviation {f
nat Ltotal eliminal ion.

llowevér, It must be reported furthermore that many ot
the apparent errors detected in the EDRS-produced microfiche
were actually Aue to the Input documents themselves and
other -problems beyond the control of EDRS. This matlter will
be purgued further in the next section. In the meantime,
the approximately 2% average monthly error rate which can be
reduced further given many plausible explanations’' by BEDPS,
must be regarded as a reasonably respectable performance
under the circumstances of running a produétion shop. Thisg
Judgment is consistent with Indlcations given by managers of
L other high-caliber microfilming services. !

3.1.2.7 Input Documents
Since this invegkigation found the EDRS microfilm
technology and its Trelated, supportive equiphent to be .
representative of the qrate~of tBhe-art, and since the recent
use of "that . technology appears to exhibit a respectable v
level of operation in terms of low .error rate, -‘then wh
seem to be the mailn difftoulties which are at the root df .
criticisms vented about EDRS products? - These difficulties
must « be dichotomized into document input (td ERIC) and EDRS
product output (to ERIC uqers) ‘The latter is discussed in o
_the next major section. ] ' .o ’
with regard to documents input, ERIC .is categorizing
the source documents accoiﬁing to ‘the following three. v
levels- _ . : f . ' -
- 1. Yevel I: Reproducibility of the document is judged
= . to be good enough so that it should be legible both ‘.
on a microfiche reader and in blowback, paper-copy "
j R form. Users can therefore, get them' from ERIC in
. either microfiche or papex™ copy- In "addition, .. :
: these . documents are either . not cdpyrighted or a <
release hag been obta{ned for them for -‘use within "
“the ERIC system. ( = o L
- 2.7 JLevelaXI: The documeﬁt is  judged . to be onlvy . - )
readable on wmicrofiche ‘but 1is of unacceptable A
quality for paper-copy blowback; alternately’'or in
addition, this category may . include copvrighted _ : -
- documents - for which "qply a limited mictofiche , s
" release, has been oBtained. Thus, these documents *  ~ =
are only available in_ microfiche form.” oo e L

3. .Levelé LIII: The document. is .. either . of .
“ unsatisfactory quality for any form of reproduction

"~ and/or . it is restricted via copyright. " ‘Hence, it’
. . is not - available - from EDRS, although the ‘ g
3 " publication -source is cited. ‘Present Level TII S L
S a input amounts to about 5%, primqrily restricted by et L

4 . | . . o ( . " o« g




copyright,

The main problem with such categorization according to
document reproducibilivy (fgnor ing the copyright
restrictions for our purposes here) are who will make the
judgments and what critecia or guidelines will be used for
‘making them. The 0ld compuyter-oriented saying of “garbage
in, garbage out" applies with microfilming as it does with
computer input.- ™ : ~

- ' . I£f EDRS is asked to mlicrofilm a Level 1T document which
“is. actually of very poor typographic quality, even the wogt
- . beautiful currently available (ilming and revrqduction
' technology 1is .- strictly limited as to what can ae done.
Aslde from some. well-known enhancement ‘technlques (.e.g,
using office copiers), auvtomatic means for ‘“crealting
something out of nothing”™ Ao not exist. Either another
. technologilcal apprfach or perhaps non-technolegical methods

. (adminisfrative in nature) may have to be called upon.

"It follows therefore that the decislon by a
well-intentioned person to enter a document Into ERIC which
‘ is-of significant content but, ?f poor typpgraphic quality
‘/ . _may generate " a practically illogible microfiche and/or
blowbagk paper copy and consequently cause Yser complaints.
The reputation of ERIC and particularly EDRS (perhage

totally undeservedly) is thereby , of course, not enhanced:
' So what can be done, if anything, to counteract this
problem? In selected cases, perhaps more could be done in
- terms of (costly) human touch-up or retyping and tracing of
‘ _ certain significant~content— but poor-quality  source
documents. Other than retyping and short of turning to an
" alternate, more  ,costly computer—-oriented technology
o (discussed in Section 3.1.1), . the emphasis must be on

. , controll{hg the input of documents to ERIC.

ERIC is, therefore, to be commended for haying expendeﬂ
. to support that objectlve.
A 3 1. 2 8 Reproducjbi]ity Guidelines . )

RS ~\\\<<' . Ine recognition of .the inconoistencies thht have- exiqte}a

A : in decision-making .on which of the reports dr .so-calle
fugitive documents should be included in ERIC, and at what
level ‘(see pnevious section), with regard to reproducibility
characteristics, a special gujdelines document has been

f\- ' . prepared by ERIC [MFF 11) . \/(““y -

S t This document is not concerned with suhject content hut
rather only with reproducibility, by consideriffy a number of
significant factors which affect .contrhst and thecrefore
" document readability upon'ﬂgreproduction. Among . the

A)
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independent®y variablesg described are wvarious tvpoaraphic
factors (point glze of characters, line widths or boldness
of face, character dengsity, and (ont variations) in addition
to other factors such as background density and colored

printing. The effects of the {nteractions of several of
these variables are then portrayed. Finally, the results of
defective type, use of office copying machines and inclusion
of certain graphics (c.g., tables, drawings, photoqraphg)
are demonstrated. All of theqe are backed up by means of
illustrative examples of original source items exhibiting
the factors of concern. The examples were actually
reproduced by EDRS. They constitute” the bulk of this
publication although quite a few samples arc as vyet not
included [MFF-11]. u .

. ¢
These reprodu01b111ty guidelines are unduestionahly

much needed and should prove to be useful In controlling the
typographic quality of input documents. However, not all
ERIC-associated personnel are happy with the guidelines and
furthermore, as summarized 1In the next section, a few

N improvements or . corrections to the guidelines are

recommended.

3.1.2.9 Pot&htial Improvements

For the. type of data. (Dl), quantity of such data (V1)
and 'purpose (Pl) intended to be served by the microfilming
and related equipment in use at the EDRS, 'it must be gaid
that the ~ state-of-the—art. technology 1s there. Some
improvements could of course; be made, for example, in
perhaps achieving a slight increment in camera speed or by
replacing the . paper—-tape inpit ' (for fiche titles) with
on-line terminal input. However, it is doubtful that ‘such
particular improvements would be worth the cost. “Another
change that might be considered is switching-from the use of
vesicular to diazo " film, particularly for those copies to bhe
used - to make contact prints or duplicates. The resulting
quality would probably. be better. However, the tfelatively
small cost difference (if any) may be viewed as significant
enough to stay with vesicular.

If the technology is good enough, then what might ' be

- improved in. terms of proper use or g lity control of that

technology, and, lastly, what can be e ‘about improving

the quality of input documents which that technology must
contend with?

With regard to wuse and guality control, our brief
glimpses of the EDRS facilities and "the previously described

» invefhtory tesults would suggest that the staff know what
hey are doing. :Obviopsly, it must be and was acknowledqed
““tha E}human errors do occur and can be minimized. by means. of
" the ~usual management-recognized incentives, quality control
measures and other pdlicies. However, more thorough quality
control could be undertaken by EDRS with ;the usual increase

e i vy




in operational costs. For example, a greater number of

fiche could be density-—checked. Another more costly

possibility would bhe Lo have an organtzationally  distinct
guality control staff group Inspect and qualify each piece
of equlpment before ilta dally use. Agaln, glven the purpose

- of the’” EDRS operation, that type of control might be
excessive.” This 18 not to say that clearly defined criteria
(for declaring the equipment operational should not exist and
be strictly adhered to.by EDRS.

What appears to be of far greater importance to ERIC s

the _proper control. of documents flowing into the system.
This returns-us firstly to the DoCumeng Reproducibility
o ‘ Guidelines [MFF-11] described earlier. Several improvements
. ~.or corrections teethese. guidelines should be indicated.?*
—_ Page numbers cited refer to those in the Guidelines.
. - n
- - 1. . The samples ghould of course be completed ande the
. microfiche of the guidelines, promised on page 4,
‘ should’ in faet be included in a pocket!of the back
o “cover f _
/ 6] . .
2. (The term "point size" -is used to indicate height of

e

. characters (on . page 5 and 1in other .places).
N . Unfortunately, point size is only an approximation
of the actual character size. In many instances a
character with a smaller point size of one type
face 1is Jarger than one with a largel point size
dedignation. Point size refers to the old slug or
type body size and is really the distdnce between
~the - 1lines of type. . Thug, on page 7 of the
guidelines where the type size of the print of that
page is said to be 9 point, it 1is really 1larger,
approximately l2 point. )

v

3. With:regard to the correctly ‘stated use of an
..+ . office copler (page 10) for phrpose%;of(testinq the
original as to its potential for enerating good
. . ., microcopy, = the "user of the gu?ﬂel[nes should
R  furthermore be informed that the . photocopying
process itself is a common technique for possibly
improving a low—contrast original document.
*Another good use of office copiers is pointed out
as a‘remedial action on page 23. However, the
. copying technigue in general:may or may not lead to
¢ ' enhancement. i
.é. The choice\of the word "holograph" on page> 10 is
' “unfortunate in that it is used th reference to
its - archaic meaning, namely beithg bhandwritten.

E Holographs have a . different . meaning d&n tdday's

;ﬂr.g Thomas Bagg_of the National ‘Bureau of.Standards._

Ve

:“N*These suggestions resulted primarily from atreview made by’
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Riterature [e.q., ORT-5].

Y. The "Quality Index”™ method which ( was referred  to
previously (M-8 and 9] might be considered asg a
mogt satisfactory technique for judging typographic

"/ guality with regard to character size.

Pdnally, {t must be acknowledged that aside from
suggested simprovements of the gqguidelines for Judging
document reproducibility, there have already been some
strong objections raised to those guidelines. Some people
agsociated with ERIC consider them as far too restrictive,
aliminating many of the very valyable ltems which really
should be ift the ERIC file but which _were possibly never
intended by their authors and typographic preparers to end
up in BRIC. '

That presents a true dilemmsa: dh one .hand trying t&
improve the quality of the ERIC microfiche file, largely in
response to user complaints; on the other hand, 1including
items of very poor typographic quality because of their
substantive value to the education community. As was stated
before, microfilm technology cannot perform miracles on some
faint, unclear, carelessly prepared original report or
perhaps a poor office copy of {it. Hence, one further
lmprovement relates to administrative and technical
attention to how to prepare documents in the first place.

The published "Document Reproducibility Guidelines"”
‘really address the gquestion of whether a given document,
already produced and on hand, is typographically acceptable
to ER NIE/ERIC sKled consider also the establishment of
guidelines for the preparation of materials [MFF-12],
thereby obviating the reproducibility guidelines in many

cases. One such effort can already be cited [MFF-13). Any
guidelines must of., course be suitab]y backed with.
documentation and publicity mechanisms, including the

incentive of entering docuhents into the -ERIC system.
Several other existing gujdelines :for preparing material for
micropublishing could b used as models [MFF-14,"15, 16].
ERIC would, of course, have to tailor such guidelines' to its
own particular needs. ;

. . ) _ )~
Even if such additional gquidelines““were praduced,,

publicized and distr,ibuted, surely there would still be many -

documents generated which by content should be in ERIC bhut
whose . preparers were not informed or Aid not cdhe about
minimally acceptable typographic quality. - (Most fugitive
documents are presenf y not specifically prefared for ERIC.)
What then? Then, s restated in the data output section
of this report, here should be.a clearly and explicitly
'identified category of important but poor quality documents
"available through ERIC, leaving no doubt in the user 's or

-viewer's mind as to where the blame “of 'the poor quality

lies. Alternatively, if the.document is important enough,

(,f
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lt should be retyped or, perhaps, procesged via .afothef kina
hf technology. JR

4 -
\ N e :
v 3J.1.2.10 Future Prospecls d

Is migroqréphics or micvoimaqgery here to stay?
Certainly, as might be expected, the related literature
claims that {t is fe.g., MFF-17, 18, 19]. Generally
speaking, we also agree. However, wea would suggest that in
" order to enhance the purposes of micrographics {(beyond the
previously Jdentified F1) and render it more flexible in an
information system environment, it is likely within the next
R decade to be much more coupled with or complemented by
computer technology. More will be said about this in later
‘gsections. ERIC management should anticipate such
\ developments in lookihg towards future improvements of the

! ERIC system. \

-

3.1.3 Computer-Based Mecans -
. ' Having dealt with microfilp . technology as one major ,
means for inputting and- repgesenting data in the PRIC
" gystem, we must’ ask about other existing possibilities.
Again, the characteristics and criteria portrayed in Section
3.1.1 will be referenced for purposes of facilitating
comparisons between technologies and their uses.

3.1.3.1 \3ange of Possibilities f§
k¢
If the data of a certain type (e.g., Dl) are already on
a particular medium, npamely an ERIC paper copy (printed N
page) report or a surrogate of it, , the range of -
possibilities forx inputting those data into some
technological medium for minimal purposes of data copying or
reproduction (i.e., Pi) can be portrayed using the {Pllowing
' dichotomy:
gg . 1. Technological means  for eliciting the data
' S directly from the source: ' ~
(a) Use of office copiers on the . ‘ \
source documents--an alternative
— which we are not pursuing further _ ?
' with regard to .the ERIC production
: . ' = requirements ‘in general, but’ which S u
' ' is, of course, acknowledged to - ~
serve many useful (preferahbly
1limited data volume) needs, ,
) including the previously mention%d
remedial work for document input ,
L o : to microfilming. , o ' "
S ' . - ' : N
S e , " . (b) Microfilming of the source dobcuments
B : —~the important mean;)diseussed.at- _
length in Secti} 3.¥.2.
“e_ g ’ ec Y:Ion "\ © ' ! ‘\\4 / ) ¢ -
s .,// . : .
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‘f;point.

on a

(d)

Technological

Facsimile representation,
Lrangplssion and reproduction of a
gource document--a gpecial communi -
cations-based method of "copying"
data, to be discussed agaln later
(éectiOn 4.1.2).,

Optical recognition of the sourcé

document-—an alternative.requiring

a technology capable of identifying - 4 {
the alpbhanumeric characters (in the '

case of ERIC's textual data) and

converting them to computer- -
compatible code in some computer

storage medjum. So-called OCR as well

ag prospective holographic techniques

[ORT-4] applyd Some form of
reproduction can then take place
under ‘computer control.

s

means fqr‘ getting the data

indirectly from the source:

(a)

(b)

(c)

' Another major alternative should be mentioned at

device.

(as

Keypunching or keying of data
from source docunignts into some .

) computer—readablé'gedium (e.g.. 4 ' %
cards, '‘papertape)=-a well-known !
alternative which ye will not ‘
consider fwrther. &

Retyping or keying of source
docunent - into a typographic
format/form which is optically
recognizable and then transform- .
able into computer-compatible

‘code~-an alternative similar to
(1-d) above.except that it' requires
the intermediate preparatory .
,retyping of’ the text. ‘ ~ '

Retyping or keying of source

"document directly into computer—

based storage--the alternatlve - .
that invblves immediate user- xS
~computer interaction, thereby :
eliminating any -intermediate
automtic character recognitlon_

)
s N ~

this

It is based on the capabilities of alternative .(2-c)
‘fabove, but it involves the actual preparation
-computer-based .
_ original“ source document would not have . to he

-,recognizable

of documents .
with. Thys  the - '
optically

required by both (1- d) and (2 b) above)

'medium'vto begin

. . o .

.o N : . . i

o T : . [

.36 , . . R

" < - . . . 3

>~ . ' :

f . . . o

S _ . .




/

It would already be in computer-internal  repmrecsentation an
opposed” to paper-copy form. Tt, therefore,. could obviatle
alternative (1-b) above, although {t could be coupled with
computer-output microfilm (see Section 3.1.4) and, hence,

retain any benefits of the latter.

The following several sections ‘are dedicated to the

computer~oriented alternatives suggested above. They should-

confirm our position that we do not simplistically recommend

that all typeg of data -input are to be "compulerized.{.

Tnstead, we must continue to relate to the combinations ol
characteristics (summarized in Tabld 1) of data Lyqe (Dl
D2, D3), data volume (V1, V2, V3) and data purpose

P3) "and to consider their prospective performance crlterzw
(El, E2, E3). It may appear to be too costly (El) to
directly dinput to the computer an alphanumeric data item

(D1) which is of -high volume (V1). and even of relatively low™

volume (V2). But, if it is realized by management that not

only -the purpose of pure document reproduction (P1l) bhut also

other purposes (P2, P3}) could be served thereby, leading to

some significant, advantageous per formance indicators’ (in =2

and E3), perbaps the investment in such technology can be
Jjustified after all. ¢ .

=

3.1.3.2 pDirect Data Entry

The possibilities of directly entering data (of volume
V2) into the ERIC system have already been addressed by an
ERIC-associated staff group and described in a final report
[DET-1). EFIC is to be commended for having undertaken such

a project, although, _.the study was unfortunately
unrealistically -short and encountered various problems with
equipment installation, communication 1line errors, and

personnel training and motivation. Consequently, although
it constituted an experimental comparison of alternative
techhological modes of data entry to ERIC, the statistical

validity of the collected and analyzed dJdata must: be .

ser iously questioned (as 1is in fact done by the'authors of
the report). Never theless ‘some useful indications,
recommendations and conclusions can be gained from the
- reported work, as long as they are viewed in their proper
perspective. As will “be ‘observed in the ¥ollowing three
sections, .references will be made to those results. .

. Due to their apparent importance to ERIC ([DET-1] as
well as to other noteworthy organizations, such as the U.S:
Congress [DET-2], the 'current and prospective technological
alternatives for- entering data into a computér are discussed
below in the following order: =

1. Optical character recognition

& —
e o

2. On-line terminals " - i
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the fugitive, poor-quality printing, one cdn easily see that

. 3. Word processing equipment

Our reasoning behind this varticular ovdering of the topices

should Dbecome apparent 1o the three sections Lo [ollow.
Compar isona in terms of our deflined data input

characteristics and criteria are made In SectLion 3.1.5.
3.1.3.3 Optical Character Recognition

OCR specialists cite interesting figures on reading

per formance by OCR 4, equipment. Typical OCR character
acceptance rates fo single-font  (machine printed)
characters are expected to be’'99% to 99.99% [OCR-1}. That
same gource quotes the expected acceptance rate of 97% to
99.5%} for OCR direct reading of multifont (machine printed)
.characters from source documents generated by up to l0,0QO

different typewriters with up to 40 . different fonts
involved; the rate is between 98% and 99.5% Jor reading

numer.ic handprinted characters meeting Industry and
manufacturer standards. However, certain albeit "remarkably
few constraints"” gtill . apply wher it comes to recognizing

bandprinting [OCR-2]}, although it is safe to _Lay that the
OCR % technology will Gontinue to be improved to minimize
restrictions. ' :

Yét, it would _appear that current OCR data entry
systems #kill leave something to be desired, especlally from
the standpoint af ERIC requirements. The previously cited
data entry study [DET-1] listed several disadvantages of OCR
including - difficulties in_ making corrections and rigid
requirements for character density and alignment to vrevent
misreads. K ‘ -

However, advancement in the state-of-the—-art of OCR

technology can surely overcome such problems and render OCR
nmucligSre flexible and forgiving. hat is really of greater

- sigfificance to ERIC 1is, firstly, the fact that OCR is a

~

very specialized piece of equipment which must be maintained#

usable, for only one particular -operation [DET-1]. As

true for OCR in speclialized transactions processing (in the
banking, credit card, retailing, airlines, etc., industries)
and for OCR Perminal systems (e.g., with point -of-sale OCR
scanners and /table-top remote OCR readers), well-structured

by each clearinghouse but which, for the most' part, j@
ic
\

data entry/ applications can be quite suitably handled by

* OCR. ' But he equipment. can normally not be used for
anything else. L ,

~

‘H'Secoﬁdly, in the currently existing processing in ERIC

df;'the'textyal*(surrogate) data for input via OCR, the fact
~..also is that human operator typing " is required anvhow.
‘Whether we are  "discussing only the relatjvely low-volume

(V2) surrogates or "the high-volume (V1) full text docuﬁadts,
if ,microfilm technology has diffjiculties with legibility of

- 1
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accurate optical rrecognition of such prinled characters
would also he troublesome. Nence, unless the prepavation of
source  documents can be somehow standardized ov control bed,
ERIC cannot expect to rely on what would be a desirable

alternative {OCR-3}: the use of OCR on " the source
documents/ahgtracts directly (as oullined in Section
3.1.3.1). The labor-~intengsive keying of data must continue

unless they are already OpLically/LQadablo.

I1f such keying is indeed required, {t makes good sense
to recognize the flexibility and richness' in terms of data
manipulation capabilities to be gained by directly keying

. those same data into computer-internal r#presentation,
either by means of on-line terminals or via some word
processing system confilguration. These options are

discussed In the nhext two sections respectively. As will be
seen, OCR will, thereby, not necessarily bhe replaced.
Instead it can be acknowledged as one possilfly useful but
still specialized and restricted component in the context of
a word processing system [OCR-5].

3.1.3.4 On-Line Terminals
* Computer terminals range from the very "dumb” to the
quite "intelligent" types. They n also be distinguished

in a number of other ways: serving Ynteractive wvs.’ hatch
work, using asynchronous vs. synchronous communication, and
being off-line vs. on-line. These dAistinctions are of
course interrelated. They will be clarified in Section
8.2.3. ’

g

Many pages could be devoted ‘to this topic alone;
numerous references could be given, including:surveys of
available terminals [e.g., OLT-1,2,3]. But since our focus
here 18 on direct data entry alternatives for ERIC, we only
want to recognize that textual data can be keyed. in using
some simpleée typewriter-like terminal or a keyboard with an
alphanumeric CRT and then be transmitted asynchrondusly to a
computer. Thus, just as is true for OCR-keying of the ‘same
data, a human operator 1is requivred, meaning labor costs.
However, that operator now has the considerable advantages
of.using the computer software .(e.g., text editor) to aid in
the data input process. Although this alternative was not
recommended .3 a result of the previously mentioned ERIC
study [DET-1], we . feel that the communications problems
exper ienced can be overcome and the cost-effectiveness of
on-line entry of document surrogates 1is dependent on what
else can be accomplished with the terminal equipment.

Rather than being a very specialized, one-operation
plece of equipment (analogous to the possible criticism of
'OCR devices), a terminal can be ,considerably enhanced . and
rendered more or less "intelligent"- through the use of
microprocessors [OLT-4] and a great assortment of storage,
input/output, communications and other flacilitjes [OLT-5].

N
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Realizing that the smarter the terminal is, the cogllier 1t
tends to be,. an important question to angwer deals with
,other ERIC functions Lo he sgscerved  and advantaaqes to  he
ga)ned from such equipment  besides the pure entry (with
comparatively low error rates). As 18 seen in the data
output section and later through the ERIC networking
consilderations In this report, such justifying faclors arve
available,

In the meantime, the sgpectrum of possible terminal
configurations which, based on how much "intelligence” is
incorporated, may operate in the dependent mode (connected
to a computet) and/or in the ‘stand alone mode (doing some
useful work locally, independently) leads us very naturally
to congideration of what are termed "word processing

syste“ﬁ." ’
3.1.3.5 wWord Proces%ing Equipment

Word processing systems can be viewed as having, a
history analogous to computer-oriented terminal systems:
from the very simple to the guite complex and intelligent.
The interesting . thing is that, towards the latter
(iﬁtelligent) end of the spectrum, word processing systems
may be indistinguishable from intelXigent ‘ computer
terminals. . .

) - \ F ;

The ancest of gurrent word processin@ svstems [WPE-1}
can be sketched on the basis oﬁ\office—orientgd equipment
starting with the lowly mechanécal typewriter JIntroduced
early this century. They ¥ then j%?ed .to  automatig
- typewriters (in -the 1930's), addition of-punched paper’ tape
(in the l9§0“s),*&nd then, in\conjunction with the rise of
computers, td the tape cartridge typing system (of - the mid
1960°'s) - which really got the current word processing
started. That was succeeded (around 1970) by the magnetic
card- typewriters and use o©of magnetic tape cassettes for
storage of data. The 19704e— then hrought a numper of
additional  technological enhancements to6 bear  on word
‘processing, includ ng video display systems, multi-keyboard
systems and other data storage media such as diskettes apd
floppy disks. @ - :

R _ _ | |

Isd!” word processing ~system then (identical to an
intelligent computer-based ‘terminal? It can be. Three
different types of word processors are usually distinguished
IWPE-'2.03] : 7.; :

..1. Stand-alone system: Normally cludes a typewriter
or a keyboard with CRT, com 3 with-edit and
. control . 1dgic, some internal memo
peripheral " magnetic storage device(s\, such as
cassette, ‘cartridge or diskette. 1In addl\ion, some
more -'logic, - arithmetic capabilities followed by
'software{programmability can ren?er it be a

\ '

.,_,
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and . some _
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computer in its owh right. Then, wilh
communications interfacing provided, the wo A
procegsing compuler can also communicale with othey
csdmilar systoms.

2. Sharedllogic processor: ~ This is similar to a -
. timeshared or key-to-disk computer system. The
¢ ' logic, storage capacity and perdpheral’ 'devices of a
central ‘computer arc shared/ among a number of

keyboard.editing staticons.. A minicomputer might
support a dozen or more such Xtations. Any of the
variety of othery computer-contralled peripherals
=" (including. OCR 1hput) may then becdme availlable.

. . This shared-logic approach ~can  be cspecially
cost-éffectiVe in meeting bigh- volume textual
input and_/ editing reguircmcnts. The 7 word

. processjﬁﬁ’ power’and capabilities sharable among a
number of stations .may not -be aff¢rdable 1if a

single user (or stafd-alone system) involved.

i4 . A\ )
3. Timeshared scrvice: This refers td the well-known,
t{weéharinq computer system hich vrovides worAa
J/procc551ng support’ (perhaps as onl} bh nart of a

repertoire . of services) and ‘can be accessed from
various terﬁ%nal sites. It further confirms the
increasingly strong relat%ﬁnship between
office oriented, computer-based word processors and
computer yctems (or -« intelligent computer
terminals) supportlnq word processing.
| o
) Numerods vendors s peclalizxng in one or more of the
above-defined systems/services can be 1dentified _ and
compared ([WPE-2]. Good sources are avallable to* quide
management in = the selection and evaluation of word
process'ing alternatives [WPE-4 -through 7].

With regard to ERIC, a number of advontages of wusing
word processing systéhs (which might even include seJecteZv

OCR input) have already been pointed out by the authors o

"the data entry study [DET-1]. Other advantages can b
-indicated, particularly when placed intg the prospective
ERIC networking environment. - It must be recognized,

however, that there may be important irmplications resulting
from selecting a ' limited- capability "word Droceghor" as
opposed to a true mini- or micro-computeY based system which
supports word processing. As- 1s discussed in Section {4,
subject to ERIC plans and asplratlons for the future coupWed
with . realistic * determinations or proiections  -of

clearinghouse processing volumes and reguirements, the

computer-based approach should be. seriously considered.
That is also part of one of the major alternativec for ERIC
*suggested in qection 5.

'3,1,3.6 High or LQQ Volume’
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Inherent in our discussions of microfilming and
computer-hased mecang for inputting data into ERIC has heen
an fmplied but very real "data volume gap.” The technology

for microfilming has lardely been wused and justified as
guitable for high-volume full-text input (V1l); the wvarious
computer—-oriented means, including OCR, on-l}ine terminals
and word psocessing systems, have actually been primarily
employed for low-=volume input (v2). The distinction In ERIC
is of course between full-text documents and their
surrogates (or resumes)., '

_ Can computer-based word processors (which might include
an OCR capability) accommodate input of the full-text,
fugitive documents of interest to ERIC? Under nresent
cicrcumstances, no. Furthermore, 1t ig unlikely that ERTIC
will .or should altogether replace microfiche until or unless
a number of Adifficulties are solved or advancements are
made, including: )

1. Standardization or better control over document
input, resulting in more eliable (perhaps direct)
use of OCR or possibly even leading - to
encouragement/requirement of direct document inmut
to a computer-based medium by the authoring, agency. -

2. Developmept” of ERIC interests in doing more with:

- the conténts of full-text reports"and other items

el than .only storing and reproducing . them. One
-7 example would be the extraction and adaptation
(editing, formatting, etc.) of selectéd report

segments for local use (e.g., by a teacher)..

3. Further advancement and maturing of the technology

: for providing cost-effective peripheral mass

storage facilities, preferably searchable in”
nature. . - .

o

Because o} & the obvious'_ requirement of supporting

large~volume data input with some alternative mass storage”

facilities, several selected technologies are briefly
described in the next section. |

\ 3.1.3.7 Selected Storage Technologies

f)The computer —associated peripheral memory systems that
_ aré_vmost prominent and best understood are the magnetic

disks and drums and tapes. Quite a lot of data can of
cou¥se be stored on magnetic tape, ‘and many current systems

including ERIC are doing exactly that. But their

sequential, slow-access and relatively bulky nature does not

really make them very attractive. Still they are being used

.~ -economically for such things as surrogate data storage and

- dissemination (by. mail).

X . . S
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Ordinavy (ixed- or moving head Jdisk {5 facter, Mmoo
expensive and also  awkward (caspeciglly for maiting). 1
takes quite a bit of Adisk for storaqge of full-text documents
and  the use  of such an e(liciently scarchable wmedium fon
that purposc must be questioned unless full-text scarching
or analysis i3 to be carried out. Disk-based searching of
bibliographic data bases (Including author, title, index
terms etc.) ig quite reasonable and is being done by many
exksting computerized information gsystems (offcving a qgreat
varlety of data basges including ERIC).

So what peripheral memory technologies have been or are
being  developed . as possible future - alternatives o
microfiche? A useful report which describes and conpares
the variety of such systems has recently been produced by
the National Buyreau of Standards [ORT-1). Separate reports
have also been wrltten to focus exclusively on ,one
particular type of memory, e.g., mwagnetic hubble memory
[ORT-2] . * i

In the interest of ERIC and because of NIE references
made to these particular memories, we wish to briefly
characterize two of the most' prominent: optical (laser
beam) memory and video-disk memory. A third tyoe, namely
holographic memory [ORT-5) giving 3-D effects, r is an
"optical relative"” appearing to be too expensive "dnd
impractical to warrant ERIC attention at this time.

The optical laser beam addressable memory 1s viewed as
a potential alternative to conventional magnetic memory.
The data are stored in track-oriented format on metalized
£ilm strips (ORT-1}. There are 13,000 user tracks per strip
and 15,385 eight-bit bytes per track, giving a  total
formatted capacity _(not including overhead) of 1.6 billion
bits. A present laser memory system (compared with a
moving-head disk system) has a capacity of 1 terabit (vs.
2500 megabits) with a transfer rate of 3.2 megabits (vs. 10
megabits)per sec. Average access time is 1less than 20
second (vs. 35 milliseconds for disk). The cost is . listed
at 360 microcent/bit (vs. Ll millicent/bit of disk). While
the laser memary is of much greater capacity, 1likely to
increase to® as much as 1000 terabits for future library
purposes, -and while it is cheaper (projected to go down to
10 microcents for, a 2 terabit memory amd as low as 1
microcent for a 1000 terabits), it is considerably slower.
The averagé access time may perhaps go down to 10 seconds or
so. Although it displays a number. of advantages (in terms |
of compactness, -modularity, reliab#lity, etc.), it must be.
viewed ‘as a storage, alternative primarily suited for
maintaining (or archiving) . data rather - than
dynamically/interactively manipulating and searching thenm.
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Perhaps the main disadvantaqcf%r optical lascr wmemorv
is  that it s still in its infancy. @While ERIC should
acknowledge {ts potontial /futurt attraclliveness, current
rellance on  oOr plann‘pq’ for ita availability 1s  not
suggested. Commercial successes have nol been numerous and

whether or not it 1s economically competitive with prosontly
existing mass memOJIGq remains cquegtionablce. ks

Similar statements can be made ahout the immaturity of
videodisk systems, although they may already have gained
more attention [ORT-3]. Except for some commerclal optical
video- disk (television) playback systems, such menmories
(for computer mass storage purposes) are not vyet avallable.
However, their projected °characteristics are of interest.
Information is stored in various forms (analog and digital)
on a dilsk which 1is similar to a phonograph record. Most
such disks then use optical means for writing and reading
the data. Advanced laser oOr electron ~-beam technigques are

- used to pack the data. For a propdosed commerclal system

with - analog : format, a one-micrometer, variahle—-length pit
(or oblong hole) is used to represent the data [ORT-1]. Up
to six bits can be stored in each'pit. There are 32 sectors

per disk and ‘14,498 bits represented .in each sector. Thus,

with 40,000 spiral ,tracks per side of disk, the total
unformatted capacity could be 10 . billifh+ bits. In
projecting to a future 1 terabit videodlsk memory, it should
bee 10 to 20 times faster :in transfer rate than the
previously described 1 terabilt optical laser beam memory,
its average access time should. be much .faster (50-%00
milliseconds), and #ts cost should be much lower (ahout 20 .
microcents/bit). Note that, given the estimates used in
Section 3.1.1.2 on the size &nd number of reports input to
the ERIC system per month, a 1 terabit memory (1000 hillion

 bits) .could contain roughly 200 months' worth of full-text

data. .

,Videodisk system3 are being d@nsidered as particularly‘

suitable for use in future computer—-controlled 1nFormation
storage and retrieval systems, especially for mass storage
purposes. For the 1latter, .they do appear to hold more
promise than the competitive market of magnetic disk and

&

mass tape. However, videodisk 1is -a-read-only ‘téchnology -

while disk and tape are erasable. RAgain, it  is considered
to be premature for ERIC to plan for ‘the™definite use of
videodisk, although the advantages and prospects should be
nécognized and kept in mind.?

A better approach is to attehd to a more effective
blending and integrative structuring of currently available

_oomputer -based ahd m\crographic technoloqieq, as -indicated

in the next section'and as further pursued later on in this
report. Among the desirable consequences should .be the
prepaz;tion fo r  and \facilitation of future replacgment of

hnologically outdated component of 'a hvybrid ERIC

system. : % B
o \ e
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3.1.4 Computor—MiCYOFi1m«Coﬁp0ﬂxlo
In ovdery to over come fhes aome!l imes Machizopln enie”
secparation of © high-volume and  low-volume  data input
technologies, it makes qgood gengo to conglder the
complementing oY combining ¢gf microfilm and computer
technologies into effectively coupled systems.. These could

b;}ng Lhem into a mutually beneficlal, closer harmony with
r¢sulting potential for technological crogs—-fertilization.
The possibilities to be mentioned still adhere to the input
side of ERIC, consistent with the title of this chapter,
although a ™second input" step or ilteration may seem to be
involved.

Firstly, the use é[ computer-output microfilm (COM) has
gained increasing popularity. The data (characters) which
have .already been entered somchow inte = interndl computer
tepresentation are displayed by some technological means
(e.g., CRT) for purposes of direct microfilming. The
worries of poor-quality source items aré thereby of course
eliminated. Also, the data, which must already bhave been
- Input to the system, <can be sguitably manipulated or

processed before being gtored on film. That is a
congiderable advantage. Subsequently, -you have the same
data Storage medium to deal with which was described in
Section 3.1:2. COM should, however, produce- - uniformly

high-quality results. |

‘The literature includes some interesting descriptions
of COM and its advantages. FExamples are a comparison of COM
and CRT with regard to "regl-time" services [CMC-1], how COM
promotes further archival applications [e.q., CMC-2] as well
as 'possible throw-away non-archival uses [e.g-, CMC-3] .
Appropriate standards already exist [CMC-4].

. With regard to ERIC, we are happy to report that a
limited use of COM, fbr getting computerized surrogate
resumes from the ERIC Facility directly microfilmed at EDRS,
has recently been initiated. This use can be exXpanded and
enhanced 1f adequately power ful computer—-based word
processing systems (discussed 1in Section 3.1.3.5) are deemed
to be in the future for ~the ERIC Facility- and the
Clear inghouses. ‘ : . o -

One further kind (_of computef-microfilm compasite

' applicable -to “data input . is the usg,of & high-resolution

flying spot scanner f[e.g., CMC-5) +®¥n order = to read
alphanumeric data from microfilm directly into the computer:
Use of this approach 1is as yet far from widespread and its
reliaMility needs to be improved. .Clearly, this presupposes
‘once again that the source documents which “had to be
microfilmed were of adequate quality to enable reliable
reading and character identificati'on. Nevertheless, for - a
system . ag heavily dependent ~on-microfilm as is ERIC, the
direct input from selected microfiche to o computer 1is



. A}
worthy of future ‘'consideration. TL could gloge the loop
between computers and microfilm and allow the latter to bhe
viewed as a form of computer-compatible storage.

3.1.5 Text-Oriented Inpult Alternatives
{

As was promised at the beginning of thisg "Data Input
and Representation” section, when pertinent characteristics
and criterla were defined, a ‘tabulated comparison of the
major technological -data Iinput alternatives is to be made.
Table 2 shows the results. The labelled characteristics and
criteria are consistent with those displayed in Table 1.

The first six listed input alternatlives bave been
discusged in this section. A couple of others are added for
sake of completeneqq and are monLioned [urther in the next
subsection.

. Table 2 does not attempt to exhaustively <cover all
possible combinations of the = D-V-P ch acterlistics and E
ériteria outlined in Table 1. One r&asor®is that, 1in _the
interest of the currently existing ERIC system and the
‘NIE-indicated =~ study priorities, the mos t prevalent
alphanumeric data type (D1) with two major -assoclated input
volume levels (V1 for full text, v2 for surrogates) has been
our primary; focus of ‘attention.

Secondly, the indicated (row-wise) profiles of
performance for selected D-V-P combinations are necessarily
only . general guidelines  and should =~ be interpreted
accordingly. In fact, to substantiate the suggested ratings

the reader should not only peruse pertinent sections of this

report but also some of the cited. literature. In addition,
because this study did not involve exper imental collection
and analysis of data, the future sponsorship of carefully
planned formal comparisons of selected alternatives for
possible application to ERIC is‘Fncour@ged. ' '

To aid in reading Table 2, seVeral examples are cited.

The - first. profile (or row) for ERIC use of microfilm says:

Both high-. and low-volume .textual and numeric data (and
partially also graphic and diagrammatic ‘information) can be
handled efficiently * for purposes of storage  and
xreproduction, ~except that the results may vary from good to

" :.poor depending on quality of data input. Notice that the E3
" {user satisfaction) criterion is not appllcable ag yet until

¥

' we look at the media ip terms of output or - presentation to
s users (in’ Section 3.2). The second profile for microfilm,
- on.the other hand, states that all_  types  of visual data
‘canfiot, .currently .be 'serviced by microfilm for purposes of

data searching, analysis or transformation.: This. gituation

¥ could change of course if the typographic quality (and hence

‘microfilm image quality) ‘of input documents -were such to

enable automatic .,reading ‘from microfiche to computerized.

.form (see Section 3 1. 4)
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| 'presentation to . the intended -users. | The- var

e

OCR can be used efficiently (especlally for low volume
input) and effectively on textual and numeric types of dala

and combinations therecof, but its performance can become
much less effective unless Lhe input Is clearly recognizable
(i.e., fugitive documents/surrogates In ERIC cannot be
expected to be read directly). Becauge OCR enables the

actual identification and subsequent internal storage of
alphanumerics, 1t «can serve to support all thrge {ypes of
purpose. This iﬂ also true for simple on-line termfhals and
word processing systems. However, In those cases, due to
various . coOmputer facilities being accesged and/or
incorporated in the local system, the efficiency factor (In
cost and human labor) tfnds to go down while the quality of
the results goes up. Ns stated before, to really appreclate
what mini- or micro-computer based systems can , accomplish
for ERIC, one must look beyond the simple ratings of Table 2
and considexr them in .the full context of potential
improvements of ERIC on the whole.

Tabulations of the kind displayed in Table 2. can
obviously not portray all the factors, 1ssues and arguments
which go into deciding that one technology is perhaps better
than another. (Therefore, the reader is encouraged to view
~such tables in this report as only generally bhighlighting

selected 1nvestigative results. More - imé%rtantly, in our
opinion, ,is their wusefulness in providing guideli;%s to
manage%ent via the 1inherent structure or framewetk of
factors which, although tHey could be much more detailed and
refined, -wwhould be utilized  towards comprehensively
considering technology-based improvements of ERIC.

3.1.6 Non—fextual Alternatives

Analogous to the range of ©possibilities- ined (in
Section 3.1.3.1) and subsequently discussed ‘qual data,
especially of the alphanumeric type, we coul racterize

avatlable technologies with emphasis Qn graphic/pictorial
data, or on audio data, or even on tactile data, and finally
on combinations of all types. Some of these are of course
much further developed than others. Regrgttably the scope
and length Jdf this study precluded ouy doing so. However,
in view ' of some ,strong - intgpéits . expressed by
ERIC-associated personnel 1in wmaking other types of data

(e.g., auddfovisual) identifiable and perhaps actually.

available ' through ERIC, such detailed characterizations' and
compar isons may be desirable follow-ups to our work.

‘?'3.2_Data'0utpu€ or Presentation L R

Just as an informatioh system must.ﬂ(ze facilities for
inputting or «Edﬁres_nting data internally, it must be able
to output the results . of data reproduction, manipulation
analysis, transformation or searching for su i

technological . alternatives already _descripéd' in termsYof

1
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input capabilities must now lead to and be scrutinized from
the standpoint of interfacing or interaction with prople.
3.2.1  Output Characteristicn and Criteria
Once the data have been input or copled into a

particular storage medium, and after perhaps being variously
processed therein depending on the power and capabilities of
the system involved, we must ask how the available
technology <can serve to ch usger —-desired data (ov
information) out of the system in a form or on a medium that
is amenable to satisfactory human use. Analogous to what we
aAid for input data, we must therefore define data output
again with regard t6 distinguisbing characteristics and
appropriate criteria for general asgssgessment of .performance.

3.2.1.1 Data Types

Since visual ag well as possibly audio and even tactile
data (and combinations thereof) are of interest to people on
system input, it stands to reason that the same types of
data are to be output. The data themselves may have been
repackaged or modified, but their' typology remains the same
Without full repetition, we can therefore again use the
definitions (of D1, D2, D3, and D4) made in Section *.1.1.1
and outlined in Table 1.

iy
3.2.1.2 Output Quantities

The volume levels of data output should however be
treated somewhat differently than those on input. If we are
interested in user-oriented technology application to ERIC
and similar systems, we must design to meet the data volume
levels which are 1likely to be wanted  or which . can be
assimilated by the data users. This means that even if the
full text of a report had been input to the system, the user
may only wish to see one line, one paragraph, one -page, the
bibliographic citation, or some data unit resulting from a
search, an analysis or. a transformation of the text.
Finally, the user may actually want to see and read the
whole document. ‘

Given this kind of quantitative view of what ERIC users
might want to get our of the system, where ouf emphaqic is
again on visual data, the following cateqori7at1on is
reasonable:

Ql. Single- or Multi-Line Quantity (up to a
Paragraph) : e

Q2. Single- or Multi-Paragraph Quantity (up
to a Page)

Q3. Single-Page Quantity (intludlng Graphq,
Diagrams)

- 49 Oy
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-distinction

Q4. Multi-Page Quantity (up Lo and including Full
Text)

3.2.1.3 User Purposes

On the Input slide, we asked about the purpo%es of the
data once they had been read into some technological storage
medium, possibly In conjunction with some data processing
capabilities. Those . purpeses were obviously “deflned iIn
anticipation of what the users might want to  do with the
data on the output slide. Notice that the user purpose can
be separated out from the user- deslred output quantity
(previous section) although those two characteristics may be
very much related.’

Starting in the 1960's and moving through the 1970's,

gradually but slgnificantly iIncreasing attention has been

paid by information and computer scientists to user needs
and preferences 1n relation to information systems. The
pertinent literature is too large to be adequately treated
here. Some user-oriented evaluation studies are included in
the EVA category of the bibliography. Other  samples are
listed 1in the USI category, representative of user- orié%ted
work conducted under the sponsorship of ASIS (e.g. UsSI-1
and 2);, ACM (e.g., USI-3). and NBS (e.g., USI- 4 aqd 5).
These dtudies primarily focussed on user interaction with
compu ter -based information systems. But user-oriented

concerns about interfacing with other technologies are also
evident in the literature (see MFF category).

So what kinds of purposes may users have in mind in
attempting to take advantage of an information system like
ERIC? Towards the end of characterizing the technological
alternatives  in this report, they can be categorized as
follows (without implying any Jjudgement on the “relative
merits) - N

Ul.. Obtaining Verbgtim Copy of Data Unit
S (1) Entire Unit:(fuLi terty surrogate, graph)
(2). Subset ox Extract of Unit
. b2, 'Obtaining Selected Search/Analysis Resu;ts
U3. Obtaining Transformed/ModiEied Image of (Sub)Unit
U4.7.Getting a Cursory Viéw of Data (Browsing)
. It must . be noted that Qe arb*.hot hakisg distinctions

here between end and- intermediary ‘users (or information
specialists), between regular and occasional users,  between

.experienced and novice users, and with regard to other

possible tzxonomies In detailed , system 'design, such
should be” taken into account For purposesdff

i &
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rabla 3. Characteristics and Crateria for Investigaling

Data Outpult Technology

DATA OUTPUT CHARACTERISTICS :

Type of.Data

Visual Data j
Textual or Alphanumeric
'_ Full Text 4
Surrogate > .

Statistical or Numeric
Graphic, Diagrammatic, Pictorial
_ Combination of above \
Audio Data 2 | '
Tactile Data
¢ Combinations of abéve

Output Quantity

isingle— ox Multl Line (up to Paragraph) ~
Single- or Multi-Paragraph (up to Page)
Single Page (ox Grabh, Diagram, Picture)"
Multi-Page (up t‘o/including Full Text"s

User Purpose

g

Obtalning Verbatim Copy of Data Unit -

Entire Unit (Full Text, Surrogate, Graph)

Subset or Extract of Unit
Obtaining Selecteg Search/Analygis Results
Obtaining Transformed/Modified (Sub)Unit
'Getting Cursory View of Data (Browsing)
OUTPUT PERFORMANCE CRITERIA ¢

5

Efficiency

@

~— I/0 Processing Rgte
I :.»I/O Pr003391ng Cost
Effectlveness .

Quality of Output (w.r. t Purpose)
Synerg}sm . . .

User Satisfaction B »

Labol

D1

D1 (1) j

Dl(}#{a)

D1 (1) (b)
D1 (2)

D1 (3)

DL (4)

D2

D3
a4,

QL1
Q2
Q3
1

ful
Ul (1)
Ul (2)
U2
U3
U4
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this study, however, all of the above can be congidered as
applicable to all types of divect wusers, although to
Alfleving extenty.

3.2.1.4 Performance Critevria

To assess prospective performance levels for various
technological output alternatives, it {s again possible for
ug to use the same criteria employed on the {nput sgide.
These were defined to be efficlency (El), effectiveness (E2)
and synergism (E3) criteria, as discussed in Section 3.1.1.4
and outlined in Table 1.

Although a’ thorough, formal gystem evaluation would
require treatment of a number of addjtional questions
pertaining to each of the three general crlteria, our study
scope limits us to the selected few. Also, a marked change
'of emphasis, from data input to data output, should be
noted: While synergism (E3) was practically ignored on the
input side (see right-most column of :Table 2), it should
become very prominent 'in user-oriented consideration of
output technology.

3.2.1.5 Framework of Factors

. With much more brevity, we can now summarize the
characteristics and criteria to be referenced 1in the

 following discussions of technological alternatives for

providing user-oriented’ output from ERIC and similar
systems..., Thig is analogous to what was done in Sectagn
3.1.1.5. Table 3 should be self-explanatory.

3.2.2 Microfilm and Fiche

ERIC does not only use micrographics for purposes of
"archival" storage, which may connote to the uninformed
person a relatively nonuser-oriented, dusty-shelf storage of
Information for historical interest. 1In fact, the interest

"is in both current awareness ‘and retroactive .uses of

high-quality, clean microfiche 'by the many people in the -
educational community. So what are the types of uses of
microfilm, and what do users seem to think about it as an
output medium?

3.2.2.1 Dependence on Input ;

-

Unlike information systems in which the data, upon
input, can be flexibly modified and even corrected or
improved, the very nature of microfilm is that the . quality
of the output 1is directly and intimately dependent on the

quality of- the input (document and/or filming process). It
should .= Dbe: pointed out that some selective
modification/correction of microfiche contents is

- technologically possible  but unlikely to. be ‘useful for-
overcoming the general problems iwith fugitive documents in

n o ' i



the ERIC system.
J.2.2.2 Range of Uscs

Once a microfilm Image of, some iInput data has been
produced, regardless of whether the microfiche 1s brand new
or selected from previous storage, what are users able to do
with it? We can relate this questlign to the usey purposes
identified in Table 3 as follows:

1. The user can read the entire contents or a se¥ected
part of the microfiche (Ul).

2. Tbe user can simpl¥y browse through all or part of
it (u4).
3. The usger can get a paper copy of all or some of the

pages on the fiche (again Ul).

4. The user can have the microfilm {tself reproduced
.f/”¢9lso interpretedsunder purpose-Ul). )

In addition, when a single microfiche {4

viewed as part of a physical collection of ﬁ

microfiche (not an indexed, computerized surrogate
f£ile), ' )

5. The user may be able to access a physical ordered
and/or controlled microfiche collection based on a
" limited search capability ¢to identify (e.q.
specifically numbered) fiche (under U2). -

The search'Zs "limitédf’ in that ~detailed character—- or
d

word-orient ﬁﬁalyses (U2) as well as data transformations
(U3) are not possible using microfiche (unless and unt{l
input documents and image quality enable direct reaﬁigg of
Qhe textual data from microfiche to computer storage).

The ~ next geveral subgections discuss the

above—-indicated uses of .microfiche in more depth. Some of

the ERIC-related problems with technological output devices
and some ERIC staff opinions about them are thereby shared.

'S

3.2.2.3 Reading and Browsing ,

The reading or browsing through a visual information-

medium can be an intensely important and exciting human

" activity. . This should be supported and enhanced with -user-

oriented - tecbnology including, 1in the ERIC case, properly
formatted microfiche (or other kinds of microforms) with
pages arranged for natural and convenient user operation.

But we shall net dwell on. such fine-tuning here. Our.
priority concern with- microfilm-based output is reader ,
quality in general. - - ' ‘
. A sk
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Even . if EDRS has Lhe most beautiful, gtate-ol-the-avt
microfilming techuodogy installed and properiy uvtilized, and

agsuming that an inpul document {5 of high typographic
quality, ERTC users will not he satisfactor iy srrved i1 Uhe
microfilm reading devices available in information centers
or user organization® are of Inadequate gquality. Seccondly,
1£ those devices should be good enough but the users arve
untrained, uninformed or even unwilling Lo use them
effectively, microfiche reading and browsing can alse bhe  a
frustrating, disillugioning experience. - And who tends to
dget blamed? Central ERIC, or EDRS, or microfilm technology
in general. ' 4

Again, as has been stated before, the technology is or
surely can be good enough. 1In spite of the good intentions
of those advocating tnexpensivc microfilm readers, use of
ggtter quality (and probably more costly) readers should be

c

ouraged and promoted. We kthow both how to design and:

velop better readers as well as how to evaluate and select
them [MFF-20 and 21). Several persons agsoclated with ERIC
have told wusg  The prob¥em ig that the educational (and
asspciated scholarly) communitiés are relative paupens,
compared with other segments of soclety. Hence, the
equipment manufacturers find them comparatively unattractive
(financially) as a market. .Thi combination of factors
contributes to the availability and excessive -use of
"cheapy" readers which tend to counteract sincere efforts
made by ERIC on otbher parts of the system.

Secondly, the users must of course not only be
motivated to use ERIC microfiche but also be trained in its
use. Some peopleé told us that the

."hold-the-fiche-before-the-window" syndrome still exists,

_.who are actually conditioned

very unfortunately. .While that may sound ex&ggerated, it is
true that, especially for thosé in the education community
who may not be technology-oriented or who ~even have an

aversion to 1it, lack of training in the use of microfiche

readers (compounded by 1inexpgensive, low-quality readers)
will certainly not advance the objectives of ERIC or enhance
its reputation.

. ®

An ironic byproduct of~zﬁﬁ above is that many- us?rs,
: , 0 very poor nicrofilm readers
and reading habits, don't -know that things could be

sjgnificantly better.. - They may, . therefore, be
inappropriately counted_as so-called satisfied users or,
alternatively, be "turned off" to microfiche use after a

successton of unhappy experiences.
3. 2 2 4 Paper Copy Production |

ERIC users who wan to get a paper copy of a report
produced .from microfiche can do so by either ordering it
from EPRS or by employing miscellaneous local: equipment
(e.g-y- microfiche reader/prlntefs) if available The 1atter

e I ) e T
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alternative Is generally not very satisfactory, largelv  for
reasbns similar to above-mentioned low-qualltly equipment flor
reading. But it is congldered better than nothing  when A
selected paper copy is heeded.

The former alternative (ordering from EDRS) 1is likelv
to ake more time¢ but will normally produce better results.
The various problems with microfiche production, already

discussed In conjunction with data input (Section 3.1.2),
naturally come into play. They will not be repeated here.

It should be noted, however, that we found qeneral
satisfaction expressed on our ERIC-asscoclated site visits as
far ags paper copy service from EDRS is concerned. This is

particularly true for more recently entered documents and in
spite of the fact that in a high-volume production shop
individualized attention to problem pages 1is difficult to
acheve . Those cases which 1involve complaints and/or
reqgests for better copy generally seem to be handled
responsively by EDRS. '

The above is not io suggest: that paper copy production

from ‘microfilm resglts in unifdrmly good results.
Poor-quality fugitive Bocuments remain a fact of life Iin the
current  ERIC system. - The Reproducibility Guidelines

discussed in Section 3.1.2.8 are necessary, although some
people feel they are too restrictive. 1In. addition, what may
be worst as far as present paper copy users are concerned is
the wuncertainty as to why a copy 1s almost illegible or
inexplicably tiny in ‘print. Explicit, individualized
identification of the® source of such problems (which EDRS
now records in a daily diary) would go a long way  towards
alleviating user  complaints. Current, - more general

disclaimers [see MFF-12] seen by users are interpreted by

some people~ &Y routine cover-ups.

"

3.2.2.5 Duplication of Fiche

Users of microfiche may also want to have duplicates of
microfiche made,’ ., for very selective purposeg or for
developing separate subcollections of fiche. . The main
technoldgy—related problem associated with such duplication
involves .the further deterioration of image quality in going
from one microfiche generation to another. This -is
substantially dependent on what kind of film master is used.
Silver 1is better than vesicular for duplication purposes.

EDRS uses silver [MFF-10], but only a small set oi)

subscribing customers order and receive sd:lver microfiche.
All others get the vesicular. The latter may be qgnitg
adequate, especially 1if the vesicular 1is not _ used for

further icrofiche duplication [MFF-12]. Silver may or may

not be Yhe "right choice for customers, depending upon how
carefully and for “what purpose they use.it. To copy (i.e.,

_duplicate) microfiche it ~may be desirable. However, for

‘that case thg diazo alternative might also bé chsideredi

.l - 3 -
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In any casc, Lhe users should be properly informed  and
then have the choice (assuming they are willihg to vay for
it)y. The sensitivity of ceortain users o this  issue was
evidenced in a false alarm cdilorial notice {MEFVY-22] which
claimed that ERIC was henceforth only going. to provide
vegicular magters. In view of previously indicated problems
with duplicating from vesicular, the writer projected the
highly vregrettable expectation of having to "make ('1? w VA
diazo duplicates made from earlier generation vesicular
masterg” when the last one that had been supplied "had about

as much contrast as a grey cat on a foggy night.” That’'s a
rather strong quote and hopefully was overstated (and led to
a gatisfactory resolution). Bul, upon checking on the claim

about loss of the .silver option, we were assured by ERIC
that it is absclutely false [Seeﬂilso MFF-127 .

e

: 3.2.2.6 Searching a Fiche™Collection

Most microfiche colldctions are stored and searched
manually. But, by means of various types of color codings,
compact shelvings, tub files and other special
physical/logical arrangements, |, more semi—-automatic
mechanical and electronic filing systems are be ing
implemented. Such aids (e.g., with selectively lighted,
subject categorized boxes) can also be used for semi-manual
compilation and distribution of microfiche based on standing

s uger profiles of interest.

As microforms become more closely coupled = with
computerized information systems, chances are that their
search will become increasingly computer-controlled and
consequently more automated. This prospect will be
reiterated later (in Section 3.2.4).

3.2.2.7 Future Prospects

The one prospect just mentioned above, namely greater
automation of microfiche collections , is very likely *“to
influence and also enhance the micrographic-based,
user-oriented output of theifuture. This is consistent with
what we stated about future micrographic storage in Section

- 3.1.2.1Q. Color fiche is jalready available and is nice-to
N have from the user's standpéiﬁt‘ While it is  likely to
-, become more prominent, it will probably remain unnecessary
' for ERIC, until or unless ERIC idnputs  more special
graphic/pictorial- data in color. 1In addition, it is likely
that a greater variety of microforms (including ultrafiche)
will be designed and employed, both in the interests of
cqmputer—-associated efficiency and of user-oriented

. ei{ectiveness and synergism. J

3.2.3 Computer~8aéed Means

o Y S
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The compuler-hased alternatives (Lo migholfiche) which
may be  available to ERIC users for gelling “informat ton oul
ol BRIC, whether directly or through  some intepmaedyany
information specialists, require a brief look at the typical
dist.inctions made. These  depend  heavily on the  qutput

characteristics previously defined and listed in Table 3.

J.2.3.1 On-Line vs. Off-Line
The term "on-line" is usually employed to refer  to  an
interactive, quick-response connection between a uscer and a
computer and also between a computer terminal (perhaps
"intelligent”) and a computer. The obiject computer in
question is normally being thought of as Utimeghared or

multiprogrammed. Hence a usecr ov local (smaller) computer,

or terminal communicating with it is imposing demands which
may cause deterioration of the services experienced hy other
gsimultaneous users (whether human or otherwise).
Nevertheless, on-line scarching (e.g., of ERIC databages)
has been found to be steadily gaining in popularity [(EVA+3].

"Off-1ine,”™ on the other hand, connotes doing your own
thing locally, wusing perhaps a special mini- or microbased
system, without bothering some other resource compuler which
may be located at an organiZationally centraldized site.
That does, however, not preclude the possibility of going
on-1line when and'~ if necessary, assuming the communication
facilities exists.

3.2.3.2 Interactive vs. Batch

Another distinction involves a human user working in
the . interactive, fast-response mode with a computer, as
opposed to the batch mode. The latter 1s typically
associated with a batch of punched cards (maybe consisting
of user jobs) being read en masse into a card  reader, with
processing results to be . output on a printer at possibly
variable (non-interactive) intervals of time. A hybrid
combination of the two modes is also possible (e.g,
Interactive request and batch output). '

Notice that a user <can ‘"interact" with. a remotely
located resource computer as well as a relgtively limited
local standalone system, such as a word proceésor._ The user
may be on-line to a smaller system while that same system
may’pe either off-1line or on-line relative to some other
comfuter it can be connected to. This will have a bearing

" on olr networking and distributed processing considerations
~later on. v )

At this point of the report, *we are interested in

characterizing data output with regard, to usage modes.-

Hence, as far as'output quantity is concerned (see Table 3),
users are unlikely to want or be allowed to read much more
. (for purposes Ul, U2, and U3} than relative1y¥_iow~volume

.
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output (Ql, 02, QJ3) while they are in the interactive mode .
Perhaps i they have a  suitable  outpul mediam {(see nextd
sectlion), they could  quickly bhrowse {Ud) Phiy ongly o Tongen
text (Q4). Nowever, If thgy are on-line with an interaclive
terminal to a multi-user $ysteom, and if they want a printed
copy of a document, they are usually asked to reoquest a
batch-oriented, ‘high-speed printout. This [further confirms
the previously mentioned data volume gap. The  next "two
sections describe the available technological output and
storage devices used to accommodate the different volumes
for different purposes-. ' '

3.2.3.3 Hard vs. Soft Copy
Interactive terminals basically come in two types: the

hard-copy (or paper-copy) terminal [OLT-2] &roducinq printed
output and th€ soft-copy terminal producing visual (CRT

foLT-31 or plasma [0OLT-6]) display. The asynghronously
communicating hard-copy terminals are usually like
typewriters and thelr printout rate is slow. The soft-copy

variety (with associated keyboard and perhaps other special
input devices) may range from slow to rather fast output,
depending on whether it is strictly. alphanumeri or fully
graphic or something in between. The latter 1s of course

subject to how much intelligence, - including synchronous.

communication capability, might be built in. ) R

Batch terminals are hard-copy devices normal 1y
associated with high-speed printers. Other facilitlie$ can
be added and  .they may in fact ,be components of |Jlocal
computer systems. Considerable emphasis 1is placed on
providing acceptably high-speed, syrffchronous communication
lines. '

An on-line searcher (with purpoBe U2) of the ERIC data
base, accessing one of the commercially available systems
[e.g., UST-7] is, therefore, likely to get brief responses
(Q1 and Q2) and reasonably short lists of bibliographic
citations (Q3 and Q4) printed on a hard—cop§ or displayed on
a soft—-cepy., interactive terminal. For the 1lattér,
‘equipment also exlists to get the current "soft" page
(alphanumeric/graphic) reproduced in hard-copy. However, a
printout of more extensive length (e.g., the responsive
abstracts) should be obtained via some (hard copy) bhatch
terminal. Among the print technolagies. which are
particularly prominent 1in current word processing systems
are the inkjet, the laser, and the magnetic high~-speed
printers. . : L

3.2.3.4 Peripheral Storage “

But what if the user does not wish to visdally read or

owse through the data right now (on either hard-copy or

sdft-copy terminal)? What 1f the data® are to be Somehow

o) tqined, from a remote or local source, and stored on a
: )
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computer—compatible medium for later scarch/analysis (U2) or
trangformation (U3) or something else?
hY

" In this context, it is reasonable Lo consider T varlous
types of.peripheral storage as user-desired alternatives (to
above—described hard- or soft-copy) for data output from
information systemgs. We are agaln led to inquire -about low-
and high-capacity peripheral memories, ag we did In Section
3.1.3.7. But now our focus is nocpqsarilv on the relatively
low ~capa¢ity storage. s

‘Besides having the conventional disk and tape,’ the
development of intelligent terminals and word processing
systems has brought with it a number of attractive
peripheral storage - devices. These - include cassettes,
cartridges and variousﬁhiskettes Of special interest -to
prospective use of word procesgsing systems in the ERIC
network is hhe ava{lability of floppy disks

Floppy disk is the relatlve]y lowfcapacity,\ low-cost

,answer to block-random-access storage for small computer

systems [ORT-1]. It is kiko a large, <circular piece of .
magnetic - tape coated ¥with oxide mylar. Particularly
suitable applicationgﬂ? include  data - entry . systems,
intelligent terminals :-and . remote batch terminals, as
digcussed above. A typlca] single-density floppy disk has
an unformatted capacity of 3.2 megabits, a transfer rate of
.25 megabits/sec., an access time of about 200 milliseconds

and a price of 19 millicent per, bit.. The floppy 1s easdly
filed and accessed but must be carefully andled. - It has
some remaining disadvantages (like magnetic tape), including

"difficulties with incompatibility, " or ‘lack of standards,

among ‘different manufacturers. The National Bureau .of
Standards is taking initiatives to .address that problem.
3.2.3.5 Remote vs. Loca] Search SRS

, Local accessibillty has been consistentl& found to be
one of the most user-desired features in information systems °
[EVA-3]. Among the ¢onventional alternatives, the local™-
library and its -volumes of RIE and CIJE and other hard-copy
products have been and remain locally accessible; the _same
can be, said about an in-house ERIC microfiche C01190§,§ "

do

‘But many people 1in .the educational’ community presentl

not have such lib:arles and resources in their xmmed1ate
vicinity. 'L . o 4

L3

N

~The current design of the ERIC system, with its two

major technology-based altérnatives to getting.information

from the ERIC data bases, has generally promoted a' local
manual ; search leading to microfiche and paper copy) "and a
remote search for bibliographic citations. Both aof these

,seapches. may actually be done by intermediaries in regional

information centers, thereby removing . the ' end wuser' fr
personal, .local .accessibility as such. As 1is welh—know_,



there are differences o{\opinion on whether that {s good “ov
bad.

- Agsuming that- we 1nterpr§t the end user's strong
preference  for local accessibllity to be Independent of
whether he/she doesg the s8earching personally or through a
(lbcally available) intermediate  speclalist, then we must
ask what options ERIC hasg to satisfy that wuser preference.
Given the tremendous advancements In computer/communications
networking, "local accessibility" to one or. more conplete
ERIC data bases obyiously is already Yeing provided to larqe
numbers of users. That is true even though the )computer
systems 1involved are remotely located, perhaps at he other
end of the country. So, to be locally accessible \dOes not
necessarily rule out remote searching via a local gbrmtnal

What. may rule it out, however,. for many predent and
= potential RIC users is the cost of doing on- line. searching
. of remotel] located systegs, espeeially ‘dur ing hours

convenient td the users. -
-

: One possible alternative to consider, therefore, is the
use Of minicomputer-based systems with floppy disks in
reasonably local information centers for purposes of local
searching of at least selected” segments of tHe ERIC.

- surrogate database. An "all-inclusive"< system could be
searched periodically or on request, \\bcording to ' the
general interegt profile of each®local user -organizationp or

: group, and the resulting file segment/partition could be
tom transmitted or gilivered ~ (preferably via inexpensive,
night-time commbnication facilities] . to each local :
mini center for subsequent floppy disk based searching.
- N . :
The above suggestion of a type of distributed data base-
application "'in ‘ERIC is of course contingent on the ability

/

e

;_' '~ to segment or partition the iles 'in an effegtive  'manner.
- " ,Some ERIC-associated pez told us that it definitely can
h N ,be done; others claimed it is impossible because ERIC

users always want access to|the entire database.. According
to Havelock [EVAS3] no reasonable approa¢h  to partitioning
“has- as yet been found. But if we can find¢such an approach
(and we tend to think that it should be " ‘possible), tne
computer/communications technology 1is clearly availabie to
support it. : _ P

.o T : o Y L

_“i}’ e ©3.2.4 Computer-Micrographics Compo#ite

\/ - : . : . Lo ' -

S - 'O_Some people have viewed the \Qvail"ability of on-line .

., 7  terminals for interactive ,searching -as posing a distinct

T, -challenge to microqraphics. yAn  interestimg comparison of
the - pros and cons of bd%h has been published [CMC-6].
‘Others have decided, on the other hand, to come up ‘witd a
suitable combination or integration of the two technologies
involved [CMC 7, 8, 9]. ' .

A
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As already spggested In Scction J.1.4 for dala  input,

ERIC's conslderation of a more coffective coupling of
computers and micrvographics is to be cncoutaged. This  now
not only means computer—-cutpul microfilm (COM) but also the
posslibility of combining a Tlocalized computer seatch
capability (previous- gseclion) with eomputer-—controlled

retrieval ,from a microfiche collectlon (Section 3.2.2.6).
To enhance the user-oriented search/display inLer(ace even
further, an 4integration of the usc of a CRT-based terminal
for on-line searching and the wuse of that same¢ video
terminal for microfiche Image display is also poss ible.

) \
3.2.5 Text-Oriented Output Alternatives

Analogous to what was done for text-oriented input in
Section 3.1.,5, the alternatives for “‘ocutput can now be
high-lighted and broadly compared in tabular form Table ' 4
displays the results.

@

Again' tthe table must, be properly quallfled Depnndlnq

‘on- the backup - details, found in this report and. in the

general literature, there is certainly room for disagregment
,on the particular performance indicators. The first sﬁx
Moutput™ alternatives were discussed previously. In each
case,. ‘there are one or more characteristic profiles pointed
out. For_example, microfiche uged for wvisual data output
(of all ‘kinds; Dl) to users, may be cost- effective (E1(2))
for purposes of looking at exact ‘coples of the ‘entire. data
unit (Ul), even though it may take. time to get at it (E1(1))
and whether or not the user will be hmppy with -the :output
quality (B2, E3) 1is” questionable. On the other hand,
microfiche cannot be used for getting gselective ,subsets of
_.the - data (other than full pages) and it may or. may not be
-effectlve for purposes of brows:ng Lo

for ‘small-quantity output, including output of computerized
search/analysis rasults (U2) altthough ‘they - may be

‘relatively costly.  Large-volume printouts (Q4) , however,.
are better . left for ;. higher-speed, batch pzégters
" Peripheral storage "devices (e.g., floppy disks) are en as

suitable for intermediate output/storage of most kinds  of

K visual data, . -as long as 7the quantity (Q4) . is. not
overwhelming. Subsequently, it wmay of course be possible

for the user to access those same stored data from a hard—
or soft copy terminal s : :

"&"‘
%

-_/ .. . 3,2.6 Nen— Textua] A]ternatjves

\More altetnatives, e.g., ful}'graphics terminals, ‘.can
be easgsily ddged to. Table 4 for consideration, subject to

ERIC - interest in. expanding 1its empBasis on ' qisualpk

‘Pon textuval data. The audio and audibvisual tentr fes are:
included for sake,of pompleteness They *are t& remind the’

. reader " of the broadér perspective (especia]ly in educatlon)

-

- -
e . e .-
) . 5 . ' A
= ‘. . h
v - -

Both hard— and soft- copy terminals are shown to. be qood'
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With the } Given Datahbutput 0f Type: and Output Quantity:] and User Purpose: Resulting Performance is Relat{vely
Technological D1 02 | 03 Ul Good (G), Fair (F), or Poor (P),
Alternatives of: [T Feoyl gy (a)] , ()} (2) Impossible il) or Not Applicable (-)]
a)|(b)|'" _ ' ' QLiOR| Q304 U2| U3| U4 Eli 17 E2 1 B3
Microfilm + |+ ] ] . T G-P | G G-P| G-P
or Fiche O R AR A [t + [+ |0 |- * - - I |- ¢
. A + |+ b + * A - - 1 -
+ ]+ e o] ' + * 6 G F G-p
wa | N VR [ + o |l - - 1 -
A0n-Line + {0+ |+ + |+ + |4 + + % G-F G G
Har \‘\Copy + + 4 - } + + F-p | F-P F-P| F-P
- e e P e e . ol Mt |-
On-Line N + {0+ |+ - R . P O O G G-F G G
Soft Copy + e+ + ! G G-F G G
(Alphanumeric) - Wl e - |- j=1- t - - 1| -
Batch N + | + + [+ |+ G G-F G G-F
TPrinter - -
Peripheral . R + (+ [+ | 4 P OO B O IS G-F G |'6-F
Storage
(e.q.,Floppy) . . . N ! + F F F -
Computer-Output L3 B IR - ¥ i G | G-F G | G-F
Microfilm i )
And Others; t 7 _ N
Audio Speakers ¥ I+ |+ + G G G | G-F©
System ° . '
Audiovisual ' POl I PO N + "G G 6 | 6-F
“|Sound/Display R
A Tah]f,ﬁ Selective Characterization of -T__echno]ogical' Data OQutput Alternatives
NOTE: See Table 2- fov-"gend, ' N
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which should precipitale ever increasing attention 1o the
power {ul, multisensory information processing capabxidylres
of buman belngs.
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4. TOTAYL SYSTEM=ORTENTHD CONSIDERATTONS

Ater having considered the top-priority technologigg !
components ol ERIC, we mugt now attempt to pul the picces

together in the context of a total, unified system. In
Section 3.1, the' function of data input or representation
wag addressed with reapect to alternative technological

implementations but without regard to how any one such
functional site or node (in the ERJC "network®) may relate
to elther similar or different functional activities carried
out elsewhere iIn ERIC. Likewise, in  Section 3.2, the
function of data output or presentation was discussed.
Again, aside (rom certain dependencies on the input . wmedia,
little was said about how the various instantiations of the
data output/presentation functlion selate to cach other and
to other parts or functions of ERIC.

Our ultimate objective should of course be the
technology~facilitated service to current and potential ERIC
users in the educational community. By the qgeographically
distributed nature of the latter, this means "reaching out"

to where the users are. Given the state-of-the-art of
computer /communications technology, coup led with the
Havelock-cited indication [EVA-3) of wuser-desired "local
accessibility," the above~stated objective can be
interpreted to require: networking (via communications

technology) of the various present/prospective technologlital
components of ERIC for purposes of enabling sclected kinds
of distributed processing in and distributed access to what
could then be correctly called an ERIC network. :

This section is to give an overview of what is - involved
in networking and digstributed processing. It also
identifies the resultant advantages to be gained, in terms
of both user interaction with such an ERIC network as well
as asgssociated interstaff communication and collaboratijon.

4.1 1Interconnection of Components

Why interconnect the technological anA functional
components of a large information system  with
telecommunications facilities? : Are the mail service and the
occasional personal telephoné. conversations togother with
selected on-line sessions with a remotely ‘located
computerized search gystem not adequate to connect the parts
of the nationwide information service and to support the
needs of its staff and uqers? SR

The answer must depend on what ERIC wants to, accomplish
with the system and how well it:.is to perform, ecpecia1]y to
be attractive to users. A brlef analogy (although .only
partly applicable to ERIC) can be drawn with two different
networks that have been attempted under the auspices of
EDUCOM. Both . were to eénable nationwide sharing of
computer-based resources. The  first, implemented in the

]



late 19607z, was called the FEducational Information Netwark
(CIN). Tt was based on a cataloguc of available sharable

soflware and trangmittal ol corpuler programs thyouth he
U.S. maills, after gppropriate telephone-based inquiry and
coordination. EIN failed Aismally. Users werce not
attracted to it [CAN=1]l. ULack of easy, direct accessibility

to the available resogrces was probably.a major factor.

In marked contrast, _¥h( more recent  EDUNET cflfort
[CAN-2)}, which provides the sharing of computer-based
resources through direct user access via various
communication networks, appears to be gaining in popularity
and viability.

4.)1.1 Characteristics and Criteria

/

+ The theme of this entire syster-oriented section ig
communication or, more specificallyv, telecommunication
between the components of a large information system. But,
as is seen Helow, that  dves not oply mean _the
interconnection of technological parts such as computers and
computer terminals.- It also can mean the more effective,
logical interlinking of operational staftf/management
personnel] associated with the "interconnected system" as
well as the enhanced interaction of the urcers with that
system.

N
Before addressing the concepts and techniques of
networking” and “"distributed procescing” in the next two
subsections, we should again agk two types of questions,
analogous to what we did for the component-oriented
tonsiderations of data input and output: '

1. What are the charactéristics of the required or
. desired "interconnectedness” of the informatior
’ system of interest, which should have a dAeterminina

influence on the technological networking and

distributed processing alternatiyes to he

suggested? '
2. What are the criterja for deciﬂiné on performance

of those technological alternatives?

°

{

This total system-oriented characterization now becomes
considerably more complex £2than for any selected system
component. Nevertheless i can be carried -ont in an
analogous manner with results being ‘similar at legst in
topjcal structure to those portrayed in Tables ! and 3.
Because this area was not indicated by NIE to be of:high
priority’ interest in our partlcu}ar study, . we shall only -
sketch the relevant jitems. '
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Firastly, the type of data to be communicated belween or
among  component  parts  must  bhe ddentified. NG owan Ly ae
earller in thls report, the transmission of alphanumeric,
"visual" data represents the most prevalent need in the
current ERIC system. Given that fact, we must agaln inquire
about data volume or quantity, that is, how much data is to
be transmltted from one part of ERIC Lo another. do the
data involve short, perhaps sporadic messages (e.g. for
interactive computer use) or large, bulk transmission (e.q.
in - file transfer) or some combination therco(? Maybe cven

’ facsimile transmission (discussed in'Section 4.1.2) should
be possible. Data volume requirements for any given link
between two ERIC.rHodes (e.qg: two clearinghouses) will of
course Influence the capacity of the required communication
line. This determination 18 confounded further when thag
gsame link 18 included in-a "structure” of interconnections
(to be descrdibed in the networking section below) which

- " provides for shared use by some or all other nodes in #RIC..
Thus the decision on what level of data transmission
capacity (or corresponding bit transfer rate) is needed on
any link must be based on and justified by the collective
needs of all components of the ERIC system.

Thirdly, besides data type and data transmission
volume, we must again characterize the purposes of 'the data
communications (and .hence the interconnection of . ERIC
components by telecommunications facilities):. This can be
‘done by stratifying people interacting with the technology:

at least three categories: . ERIC users, ERIC supportiﬁg
stgff and ERIC management. T

; : f

The information-seeking purposes of wusers remain as
previously described with regard to any particular- output
device (see Table 3). However, to emphaslize the potential
advantages  of interconnection, the list might - be
supplemented with such fagilitating purposes as "gettihg
+~on-line help or direction,” e.g. from an ERIC staff member.
The purposes of the staff members, on the other hand, must

include the execution of established functional activities
(e.g. 1input and transmission of document surrogates to the
ERIC Facility), specialized local processing, maintenance of
appropriate statistics, communication of. policy and

procedural changes to ' other . ERIC nodes, opkrational
collabporation among nodes, assistance to users ' .and
responsiveness to management.  Finally, high-level

management concerns not only ‘subsume the user and staff
purposes. but also regard the all—encompaési%g question of
whether the benefits (to wusers and also staff) ~of ERIC
. interconnection are worth the potential cost. .

< The latter leads. us also to consider total
systems-oriented performance. criteria. Again we can do this

‘ with respect to efficlency, effectiveness and synergism
N ~factors. Depending on whether a user, a staff member or a
manager is looWing at ERIC performance, the  interpretation

o : LA
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of {or  saspectific emphasis in) the offliciency-efllective—

ness~gynergism profile is dif foyent. Tosgr o by Fes
management (tn  general) tends Lo be eftficiency, t.o. hdL
much ig being done at whalf coslL? Some of the important
features perltalning to ‘sfiaflf ‘apd users are digcussed In

Sectiong 4.2 and 4.3 reébecti Ly

4.1.2 VWetworking

Having loosely talked about interconnecting \%IC
components, we can formalize it sowewhat by discussing,
sumpary form, the need Lo carry out neLwoxkinq.
"Networking" is variously defined to be the art or, if more
rigorously {intended, the process of jinterconnecling or
interfacing - a set of component systems and devices,
especially computers and communications facillities, ‘for ~
purposes ~ of mor.e effective 'accomplxsﬁment of sone
information-dependent application(s). The result, namely a

computer communications network, then becomes the composite
of' the different technological parts [CAN-3], with the data
(or bits) flowing over the installed communication lines
possibly using a number of different media [CAN-4].

Networking technology, which subsumes communications
technology, is too extensive and complex to be described in
detail in this report. Only; the major 'features with
_possible relevance to ERIC deliberations are highlighted. A
1976 structured bibliography [CAN-5] is available to guide
the interested reader into the sizable, ever—increasing body

of networking literature. A series of wuseful, specialized
reports has also been produced by the National Bureau of
Standards [e.g. CAN-6, 7 and 8]. In addition,. various
networking conferences' and symposia [e.g. CAN-9] are

gsponsored every year to keep the public informed of the
state—-of-the-art.

As far as applicability of networking technology to
ERIC 1is concerned, a broad app?oach to answering the
question of whether and 1in° what general form a true
telecommunications-based ERIC network should be considered
is to-discuss the fol1owing qcenarLo of "screening" steps:

B On nationgl~-level network communlcation- What data
transmission volumes characterize - current
relationships or interactions between ERIC nodes on
a pairwise basis (e.g. clearinghouse to ERIC

Facility or clearinghouse to clearinghouse)}? What
might be the projectiond on future data flow over -
those same links if the ; higher-volume wmore user-
"and - staff-oriented technology~&aqed capabilities
discussed in this report should be made available
in ERIC? .




O

On  regional-Jevel networ k communication: o
cmphasize  Uhe  ma o) concern ol FERIC, pamets fhe
enabling of localized or regionalized access Lo
ERIC resources by groups of users in various remote
educational communities, the same question (as  in
1. above) 1s asked but at a hilerarchically lower
level. The users -here might have a simple terminal
in the local school Jlibrary or, 1f more fortunate,
a mini~based word procegsor with floppy disk, and
they might regard the nearest clearinghouse or
regional informaltion center as the networking hub
to tie into (if that's possible).

J. On network structd;e: Tf the current and projected
data flow volumes should be, adequately high,
Justifying the possible use of one or more ol . the
available offerings 1in termd of communications
capacity (or bandwidth), then the gonfiguration of
the interconnections between the ERIC nodes, or the

ERIC network structure, bhas ¢to be carefully

selected. - (

4. -On petwork control: In addition to %“arious Kinds

™ of control (e.qg. of data flow and communication
errors) dependent on avallable technological
implementation, management-level control mhst also

be instituted in (or supecrimposed on) the ERIC

network. The operational mechanism(s) for such:

control would have to be properly blended into the
network structure mentioned above.

5. On networking Qbilosophy: Beyond the above, it is -

desirable to *Tind a management philosophy which
perceives and wishes to facilitate the existing
dependencikg among ERIC nodes and which, therefore,
is favorably-inclined towards reaping the potential
benefits of  networking. Needlegs -to say,
- reasonable justification iin terms of acdequately
high volumes of current projected data transfer
between nodes should be prerequisite. But there
may be cost trade-offs depending on the type of
communication line or service procured.

1

. The above scenario of five screening steps should be
elaborated on a little further. The first two essentially
ask whether the--eurrent/ projected data flow levels in ERIC

are adequate . to justify telecommunications= - hased

networking. Given reliable estimates of anticipated data

flow volumes, one could then review the considerable’

agssortment of communication techniques and services and

select those most suitable and cost-effective. TPhe range of -
" possibilities includes establishing o#dinary point-to-point

dial-uop 1lines between various ERIC nodes (clearinghousesi
information centers, user organizations); or higher
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qhality conditioned Jlcased .volce-grade lines, (cspecrally
among clear inghouses, bLhe ERIC Facilily, IBDRS elc.) with the

possibility of shar ing those lines (c.g. via multiplexing) ;
or interconneclions via one  of  the avatlable  wvalue adided
networks or VANs (sece CAN-6): or various combinations of
the above depending on ERIC operational requirementg,

traffic patterns and of course associated cost. ) '

Assuming that an objective study producing chreful
projections on future ERIC activities and missidnsg in the
educational community would lead to adequate justification
for networking (and we feel that it would), then the next
step would be to optimize the "structure” of the network vis
a vis performance and cost of availtble communication
services (mentioned above), desired user- and staff-oriented
services .. and also necessary management considerations
including operational control. The last of these points us
to screening step 4 outlined above. As far as the network
structure is concerned, the ERIC network could take on
several possible alternatives:

1. Physically Centralized: " Fach of the 16
cTearinghouses could bhave a communication link to
the selechd central ‘computer site, wperhaps .the-
ERIC Facility (or its computer service contractor).
Unfortunately the ERIC Facility (locatéd in
Bethesda, Maryland) 'is not situated very centrally

with respect to the U.S,” geography. Hence, 1if
~ dial-up bYvr leased voice-grade 1lines were to be
employaed, they .could be quite costly. However,

some line-sharing techwiques might be applicable
for "any cluster of clearinghouse§ located 1in the
same vicinity. :

-

2.. Physically -Decentralized: Each of- the
‘clearinghouses ana perhaps other information
centers, as well as the, ERIC -Facility and EDRS,"
could be viewed - as relatively autonogous
information processing  sjtes which can be
interconnected in a pairwise ~~manner (using
volce-grade lines) subject tc traffic patterns and
needs.  The overall decentralized  structure can
therefore take on different forms, ranging fromr
minimal to maﬁ;mal ¢tonnectedness.: Each major nojg
could have 1itgs own lccal or rcregfonal networ
reaching out to hierarchically lower-level user-
organizations (e.g. schocdls, libraries etc.).
. ‘ o , | \
3. Lodically\Centralized-px Decentralized: Because of
~ the~nature of information processing and routing i
"ERIC, some of the interdevendency naturally calls
for ‘a. . centralized. = structure (e,g.  a)l
clearinghouseg submitting surrogates te the " IRIC
"Facility) while some of it calls for decentralized
communication (e.g.. cqllaboratjon -among sets of

\

T



clearinghouses), 1t vould appear  then  that

nelworking in URIC should provide the beat of 0 Logh
wor ldas. Technologically this ia quite porsible hu
cmploy ing communy teral ton:s, Foac it daee. {1 0
communications subneltwbrk) which is distributed in

nature such (hat the nodes €ied into it can view it
as  logically centralized or decentralized or both,
regardless of  the phy&ical arranorment of  the
links.

v

This discussion has thus far presumed the feasibility
of "tatal"” ERIC networking. If that wére to bhecome true,
based on support from Lhe all-impgriant =~ management
philosophy (screening step 5 above), theé\NIF/EwIC would be
faced with either - designing and implementing its own
network, contracting out Lo have a competent organization do
it for them, or tying its major processing no&des into one of
the y available communications networks {e.g. VANg). “The

- las{_of thesec alternatives is becoming increasingly poobular
~and yiable, as demonstrated by the accessibility of a numbe

of ©n-line retrieval systems (e.q. NLM's MERLINE) ~via
several such nétworks. - e

But ERIC ﬁoes not have to atte@pL//Eotdf networking
immediately. Tt could consider—a gradual, viecemeal
approach,  getting started with several = interested
clearinghouses (as was done {in the experimental studv
DET-1) . Then, with careful planning and interim successes,

other ERIC nodes or modules could be tied into an expandable
ERIC network. Various non-ERIC resources could therebv also.
become directly accpsg3h1e.

Among the specialized_kinds of techno]ogi&a] resources
likely to become available. and attractive ! to a future
Information network is the domputer system tailored to
accommodate and process data. The concept of a data base
computer [ORT-6, 7] is being developed further and, with the
prospects of being coupled with mass storage facilities
(discussed in Section 3.1.3.7) and effective associative and
parallel processing  techniques - [e.g. ORT-8], will
undoubtedlx/influence future data base resource sharing.

Before being convinced of all the possibilities in the
networking area, other specialized .experimental efforts
might be desirable. To gkt a better understanding of
potential future leyels of data transm*ssion volume that
ERIC may wish to accommodate, we must go beyond our implicit
assumption (above) that ERIC only needs telecommunication

facilities for transmitting. relatively - low-volume document
‘Surrogates plus mlscellaneous short, user-input mescages (or

alpanumeric strlngs) including on-line search - commands.
Among the alternatives are: transfer of fairly large fjles
or file - segments dperhaps involving . surrogates, or
statistical data) as well as the transfer of full-sized

ta
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-pertaining

document s.

.

I tlhic- "lattoer document s are nol yotu storabte in
Alpbhanumey o form (unt il cheaper  mass  memer tes heoone
operational'ly usablae), t hhen at Teayt Uhie Pacsimi e
transmission of paper copy documents [Or7-9, 10} and also
their microfilm images [ORT-11] “is possible. Faceimile
equipment "coples® alphanumerics and  avaphics {without

"recognition” as such) from: & source item by wmeans  of
scanning it somehpw, converting its image to electrical
signals, transmitting those over telecommunication Lines and
then producing a copy of the original at the recipienl si1te.

An gxample is Lhe experimental effort entitled Federal
Library *fetwork Prototype Project involving the NBS Libravy
and 14 other technical and scientific libraries [ORT-12].

Two types of facsimile machines are used. Do¥h are
low-resolytion systems, leaving something to be Adesired in
resulting image guality. One uses (iber optics Lo read the

document with a photoelectric cell, converts the light and
dark areas into electrical impulses, transmits those over
Federal Telecommunications Lines to a receiving machine, and
reconverts via stylus which Dburns the dark areas on a

itanium oxide-~coated paper. The othery kind of machinc
involves slow-scan television, with a camera directed at the
document providing light signals which are converted tc the
audio range,. transmitted over the communication lines, and
reconverted for "display on a still TV picture screen. In
either case conventional telephone lines are used and a copy
of a document is "delivered" in several minutes. Getting
the paper copy sent by ordinary mail,\@n the other hand, may
take days or even weeks. ’

As the above demonstrates, networking can encompass a
number of other , data types and communication modes and
purposes. They should he taken into account by NIE/ERIC in
justifying » and esigning any future (national and even
internationall infbrmation services networ%- ¢

4.1.3 Dpistributed Processing ;

A _network can be regarded as the skeleton or ~the
amaldam which ties together various processing nodes and
communication lines to enable collective,
appligations-oriented oReration. The network is then Lo Be
supportive of -whatever kind of processing ic to be carried
out and where that is to be done. In particular, if it is
designed properly, we can do "distributed w©nrocessing" as
‘well las distributed data base work in the context af a
network. ‘ : ' - ‘

\ .
\ . . \

. The. literature exhibits many useful papers’ [c.qg.
pDIP-1, 2. which clarify the dcfinitions and concepts
to distributed processing. Sets of
that should go "~ into deciding on "going

consideratians

-



fitsl_‘}lnltrwl' [DIP~-73] and  numerous  exemplary  applications
[e.g DIP-4) a1 e RAENE Lo TR f oy Sin ey, O
dtbtr ibuted processing network provides for Lhe flextibolity
and many other advantages of pox(ovminq Uv>(LML1cwur§4a:hn
computer processing, the data base manipulation and Uhe user
accessing of computer-hased resources "wherever Lhe action
18" or wherever It is mogt c¢onvenient and refiable to do so. 0
oy E .
Although the terfm was not Used in the _previous scotion
on networking, distributed processing Wa s implicd hy the
indicated desigabllity of having bhoth a logically
A cehtralized and\decentralized ERIC network structure. Tt is
also in keeping with the earlier discussions (in Section 3)
of providing computer-based means such ag word processors,
as well as certain computer~microfilm compogites, al the
various- ERIC nodes. In particular, the localized use of
pinicomputer-based: systems in a .network environment fe.q.
IP-5]} is becoming almost syhonymous with distributed
processing. ‘ : 4 . .
¥ ‘ ~ . ) . . N
W Besides doing various kinds of preocessing locally (e.q.
inputting—™and editing *a document  surrogate . at an ERIC
clear inghouse) and subsequent processing at another, perbaps
hierarchically higher site (e.g. . modification and N
compilation of a surrogate data base for- searching), the 2
special need for effective accommodation of the data hase(s)
iln a network must be acknowledged. If we want to be able to
do .the processing in the geographical location where it is
most-convenient and conducive to the application (e.q.

) where +the ERIC subject speclalists can render decisions on ' \w““
document entry), then it follows that there may be the .
loglcal requirement for a locally available, supportive data7/ /
o base. '
ot ‘; This leads us then to discussions of distributed data

o ' bagses [e.g. DIP-6, 7] and how to keep track of them in a
network [e.g. DIP-8]. ‘It akso should remifd us of the.
‘intelligent terminal systems and related storage Acviaes o
(e. g- floppy - disks) describéed in Section 3. Along thag ) .
line, even data .base-an qement systems for minicomputers --

are being developed [DIP- 9? and are likely to he much»

improved 'in the future. Thus, as was suggested by a senior

ERIC staff member, the use of DBMS in support of selected

ERIC system functions performd%-by mlnlcomputer is not to bhe

ruled out. _ , i . R Teos

I!I

Finally, diétributed processing in {ts fulleést sense

. represents a kind of interesting cSnVergence (DXP-10] of : :
_ networking = technblogy  with the var ious .component
technologies (e.g. minicomputers, intelligone terminals,
word processors) .to form a locally accessible information
system. And, 1f local accessiblity is really a k factor .
. in the future “ of the ERIC system, then networking apd
distributed .processing technology is likely. to bénefit hot
@ . the ERIC staff (next section) and the ERIC users . (Sectior
) / . -
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4.3)  accordingly. 7

“7
4.2 Statf-Retwork ll”('fdg(]&ﬂ\
_ K
- b \4;"/;‘ -
Tt is a well-known fact that «Strong Differences  n
opinion remain among information specialists -as  to the
degirabi¥Tity of increased dependence on technology.

However, “at the- same time, .we have secn how more and more
people (including sccretaries in effices) Dbecome more and
more convinced of and conditioned ‘to the trememdous
advantages to-=sbe gained. ‘ ) \

This is-also true of a Aecentralized system such  as

ERIC in which the <clear<dnghouse staffs have remarkably
different views on and inleresls in using Luchnologv. _50me

of them are vgry excited about the prospects; others are at
least leary_or_cautxou 1f not’altogethey opposed.

In this section we wish to briefly indicate .come

important characteristice and modes of staflf interaction
with an ERIC netwerk. Focus here is on the staff members,
not on -the userg It 1is hlghlv probable, however. . that

services- exper ie éﬁﬂ by the latter 'are ' contingent: on the
(technology faci %ﬁﬁbed) wpll—belnq or ihe former.

.’.;, o B %

K )
o(a o~

m@ﬁﬁfacterlﬁtwc and Criteria

r

f 4.2,
) . s

Afstaff member associated with. an information wystem
may ~generally be charactetized as playing a rele involying
one or more of the .following:- operational or functioral
duties (e.g. inputting and outputting data) in conjunction
with various. locally wor remotely availabBle (non-human)

information resources and devices, ' similar’ duties . in_

conjunction with other locally or remotely ava11ab10 people
(staff members, °~ resource persons ahnd/or uqers),, and

‘adininistrative coordinatién with, again, locally or ;remotelv

avallable ‘management-level persons. Network facilitation of
these roles 1€ hlghtlghted in the next three smbﬂectlon,-

But, before d01ng so, we qhou]d return to the guestion
of ~bhow staff personnel regard system or work performance
from their. -particular vantage - p01nt. they * directlv
inter face with the infeormation resou ces, peihaps oftén
playing the specially trying role of servin@ as intermediary
informaﬁlon gpecialists for the end user, -they may be most:
informed and opinionated ahout what Adoe® or doet not' work
well. . N S

’ . . [ \-. L

%

sensitlve to - ‘throughput <i.e. . how many information items
(e.qg. ) surrogates) can be reliably input .per time- perlo” or
how qmanj cople (e.g. of microfiche) can be’ made, or. how
‘many "on-1line searches can be carried out, or ‘to. how .many
other staff members can an important procédural change, be

Under"efffciency; staff-%members might bhe especially -

.

communicated.  .Such guantity-oriented interest in turn-



influences stalf abiljty to achleve adeguate "response time”
in mwecting inposed rlt 1& S SSTREEIN '

' " Undex effectiveness, a staff person 15 nol merely

interested in  how much can be done but also in what the

- quality of Lhe LJesulting products i1s. Reliakle, error-free

technology 1s thercfore important. In addition, It should

be possible to get good 1legible coplies of documents and
well-formatted, presentable search outputs. '

Thirdly, staff-related synergism questions tend Lo
involYe desirable convenience, case of usecvor inleraction,
and avoidance of such factors as frustration. The last of
these can of course apply both to technology and peonle.

. These kinds of staff concerns should be. kept - in mind in
reading the next three subsections. '

™
b

4.2.2 TInput/Ouiput FAeHdditation

%
4

A staff member who perforws an: operational role with
- regard to an information system can wear two hats., On one
hand, he or she carries out assigned staff function(s) vhich
contribute some way to’'the system's operation, e.g. in
‘~prepar ing and nputtlng surrogate data. On the other hand,
: “ he/she may \in fact be a system "user," not only in support
of the abovelmentjoned operational role‘*but also in .bechalf
of end users [ who have submitted various information
requests. .
. K .
o , Under the latter interpretation, namely that Qf a user,
o . » staff, members. must ’‘interface with the existing technology
I directly and thereby become quite familiar " with  and
concerned about’advantages and’ disadvantagcs in user-system
interaction [see also USI category]. Unllke the average,
non-specialist users, experienced staff members are likelv
. to be much more knowlegeable  and sophisticatd about the
' available world bf information resources” an¢ hence they may
be ‘more discriminating and demanding of - technology’ and of™
- ' how it <can more effective%y“'support assigned functional
roles. S B o e o ' i
. oo L 1 e o
‘ What then can networking and distributéﬁ processing
_Contribdte to staff functions? Firstly, by localizing the
% ; compute( procéssing .and _storage dévices ~.as 1 necessary
' (perhaps by.- means ‘of a . word processing configuration ,
'~ taiiored to the needs of a particular ERIC node) the staff"
member . should -experience considerable fa0111tatton of the
data input and. editing function. , The data can be:rcompiler
. locally and’_ then, when necessary oOr desirable, transmitted
. ~ via the communlcatlonq network to:another (central) cité for .
P - urther i processing: It should be ‘roted that ra local,-
* <« - 'minicomputer-based system would not -only enable, input',of
' ' surrogate data -but also the _inputting, )procecglng and
.y -packaging of 'a varlety of other u§efu1 1nférmaLnon pxoauctq.

-~ . ' P (k4 @
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The Tatter 1o alro tirue on the nvbtebh ontym! corde i
a statl membey could access the ERTC networkh via o tooad
system f{or purposes  of riffﬁctl\7$(1pttixv1( at A vhe Yo
repertotre  of available informatfon resources (v P
network), surely the information scarch and Sutput funct jons
would he facilitated. Furthermora, the staflf{ person woanld

not have to be faced with an asgortment of quite distinct

and inconsistent moﬁes and mecang of getting at information.

The ‘results of ~ searching In . the distributed processing

nétwork ?which might easily interface o or more on-lina

retrigxél systems) could, upon receint, bhe processod farther

in the local intelliqgent node. '

, D
In fact, one of Lhe interestiné Aistribute® processing

possibilities that can be considered is the following: ok
; the results of a standing query or of an on-line search, N
initiated by a staff member on the basis of a "generyl Jocal
user interegt profdle," be transmitted  over commurlication
lines to the" lotal [loppy disk-based svStep, and¥hon ¥et
the staff mehbers or actual end users search the locally
stored -data  base segment directly. This would ndt -only
provide a way of dynamically segmepnting the ERIC files, .“hut )
it might aktso save ®mmunications costs. The local (ile [
could be replaced (for current awaréﬁ?ﬁE‘\seafchinq) . Ot
supplemented (for retroactive search purposes) on awperindic
basis. Technologically this is possible. The main roblem
hinges *ln .whether - such a file pattition can effedtively
serve the interests of a local population. : '

gy

i C.4.2.3 Coordipationiwith Manégemeﬁtq
. . ) o R - . ) V‘- « ..._
Besides facilitating the operational functions assiyned
. to staff personnel, networkiny and distributed processing’
would also - aid in ipproving the coordihation with antl.
‘responsiveness ‘to- those  who are in- Wmanagement, whether
centrally or decentrally located. Y,

4
<

-

.

\ ' Frfm ' the standpoint, - of manaZQmont, a
f . + compute¥ /communications” netwbrk can .and should he viewed as
what it really is: "a sociological netWdek of interrclated ! N
or interdepenq%nt people . ‘being superimposed ‘on. ‘the '
- technological network [ISC-1]. In articular, this means .
L that a staff person’ wholfcarrie® dut operationalg roles in" &
. using the technology, and 85\ thereby quite attuned and
.- ’ conditioned to the technological®interface .to a widgfv&rid}y
. of resources, finds it very nhtural to. -utilize. those cane-
' cogmputer /commun koations-based facilities fqr . purposes of
. coordinating with\and responding to .other people, especidlly
his/her management... The latter must of course also he "tied
. . dnto"sthe network.- ' ;7 o -

“Although thé above claim is undoub;ﬁdl?' Suhjeét‘ Lo

question by some - people, the. fact remAins that to thoseo Y
e ’* persons to whom §he technological interface has™ become a -
o natural, ' effectjve part of the-  everyday operational
s b ' Ca . ’ . ' . . X .
Al : ’ \'\' ’
N~ t S \ ‘r “ 7 r; .
. " < 8 é T “ X .
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T workstation, it is casicer to utilize that same medium o

communigation with manacement than to switeh to Liaditione?
modes such ag-telephone catls oy mangially prepared  peporto.
In ~addjtion, ‘certain advantages cidn be do&txfxoﬂ’ .These
include the apilitiecs Lo be truly! responsive (L.e.  sending
an answer immediately upon request), to kccp management
‘ informed as things happen in real time, to schedule the
communication/correspondence at one's own - convenience

(except when personal direct interacticdn is required), and
even perhapd4 to” remain anonymous when sensitive matters
; - (e.g. ¢riticisms of management policy) may be involved.

.24 Coéferencing and Collaborgtion

o« -

. . The above-~ 1mpl}ed software for . enabling tte
. stransmission - of messages or electronic-mail [ISC-2)] between
' staff and management has. become _a "recognized important

feature in state-of-the-art computer systems and networies.

1t can of course also provijde for such cohmunication 1links
between vatlouq staff pertonnel located at different netvork
s sites (e.g. for purpgses of job-related collaboration) as
.well as bétween - staff. members and users and vice versa.
Besides sending each other ordinary variable-length messages
or, reports, there _are also softwaréd Ppackages available to
., ~ .« support other ki ds. of modes .of ‘" communication. These
-+ include -the well-known Delphi and other types of
computer - based‘con[eren01ng which started to draw attontaon
in the garly '1970's [I1SC- 3 43 . X

~An important - po{nt to be made about ° people
communicating wvia computer networks is to}t it should no

. longer be viewed as unnecessafy or luxurious. Instead it
\_ might be regarded as' a highly desjrable byproduct of ,
! ‘_>>ﬁetworking- As long as we have/ the need for interfacing or
" »’ integrating the previously mentioned sociological network

- © ¢ with a technological ' resource ne twor k {18Cc-11, _the
’ assogiated resource people shou!ﬂ « be able to
‘ "~ correppond/collaborate/respond/inform/codperate convenlontly

w1th1 the congext of that network. This shottld minimallyv ..

requife an effective electfonic mail system.' The door

should also be 1left open-to 'the future possibility of

o Cquirlng a good spftware - package for selected types of more
-ﬁynamlc conferencing which might conceivably involvée anw: or

. 9411 of ERIC management; staff and even users. ' :

\ 4.3 UsSer- Network: Interfacxng \
h If)the reason for implementing ERIC was to cerve--uhorg\-
fb the: educational communlty, then the interface betw
_those users and the /ERIC "technology should be of
top- priorlty concern._-Reg:eﬁtably Bhe useTs were frequently
neglected 1 the. design of - earlier mputer” _systems and,

networks. lowever, with the: recogni n that- qdphistlcatedm;”
o computer and communications technology-gould be devgloped to
O mespond almost any 1nformat1qn2¢ocgss\ ng/communlcamon
: - _ . . 4 o e £
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needs, computer seicenti1sts have heoecome more  sensitive 1o
rendering that technoloay actuallv "usable” by people.

The UST category of the adjoining bLibliography is
especially applicable in this section, but scveral of the
equipment categoriecs le.qg. OLT" and WPL] ANl studies

involving evaluations of ERIC users and uses [EVA] also have

direct pertinenct to the user interface.

'4.3.1 Characteristics and Criteria ’
/ ‘ 5 )

Users of information systems may be characterized along
a number of different dimensions, including level  of
experience, frequency of gystem use, obiectives of use, user
preference, level: of satisfaction with a system's services
and others. " In the. -&ducational community S of users, the
diversity of user characteristics is undoubtedly very great.
: - -
Ideally, we would like *to Dbe. able to .adapt the
technology to the individual nceds and wants of users.
However, much more resecarch "is required to make that a

realistic goal for a -large  population of individually

different persons. ' In the meantime, we can at least attain
a compromise solution - based ‘vn gencrally desirable,
-user—oriented desiagn . characteristics. With regard to

networking, the next . several subgfections are to highlight
selected features accord1ng1y -

»

. 4

Before doing so, we again shoulﬂ'askf as we -~4did ~for
network staff personnel (in Section 4.2.1) how system ot
network performance is likely to be judgerq from the. user'

standpoint. As Yar as/éff1c3encv‘¢s concerned, the uscr ic
probably most. interested .in bow long it takes to get the
requested™ information. Is the response time in ordering a

paper copy document from EDRS adequatP? Unless the user
must personally pay fer jt, the cost faotor is relativelyv
low in importance. - .
H - . : ) / )
Secondly, the user wants effective, guality service.
gben if the information is made availahle: immedilately (i.e.

5

\“very efficiently), 3f it is in error or illegible or 'poorly

;’,_.[

formatted or excesslvely verbose, the user will probably he

"dissatisfied. For example, a teacher who wants to use some

table in a report as a class handout tomorrow is unlikely to

be happy with a poor-auality copy produced by an imexpensive:

local microfiche reader-printer. Sp, efficiency is not good
enough. Effectiveness is also .essential.
. ! . . . . .

T 1rdry, the above: two performance catégorie* obhviously
1nflup e- ‘the third. Synergism has particular - meaning for
users. | Becides how qulcklv and how well the SYQtem resvonds
o - the€ . uyser fnquiry = ‘or "requect, there - are
performa‘ce related queqtions the .answers to which are more
elusiye but nevertheless very germaJne. How "friendlv" is
the network (botH wath regard ta‘\technoloqy' and oyop%p)?

a
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How "convenient”  does it mﬁke
information? How  “accoegsible
subsections discuss sceveral ma)o
such uscr-oriented networking.

4.3.2 Technologica

The technological interfa
information network can be treat
consistent with the organization o
the equipment component (or local
must deal directly in order to acc
any of the information resources
and, secondly, the total net
distributed resource nodes whic
conceptualize and understand.

-~ ' Some of the user-oriented can
for a ‘desirable component-level
mentioned in the coverage of

input/output of Section 3. Th
category] gives further evidence.

to review all of those characteri
make an important observation, con
trends of. distributegy - pro
component-level user interface can
accessible" to the user, - in a

the userfs  seorceh  {or
1o Tt The POt Yo g

- {eglures whiech 1elate to
}

1 Tntérface

ce befween user and
ed in axdichotomous mannerv
£ this ropért° Cirstly,
AHode) wfth which the user
ess and C@mmunicate with
available 1in the network,
work of q»ograph10a11y
b the user ™ may have to
/q o .
giderations 1in providing
interface were already
computer-based -means for
e selected literature [US]
Our interest here is not
stics. Instead we wish to
tingent on the nature and
cessing . networks. The
not only be made "locally
ccordance with previously

mentioned goals, but it can have more "intelligence"” built

into it (whether in real or virtua

overcoming the second part of | they

namely the perhaps Confusinq and o
whole.

That is to say, we can allg
"users have 1in' being forced tq
_usvally inconsistent types of f{
-associated languages by provi

resourge directories, a sensible.
languaZe' and other ' special kin
accessible network node should the
fianageable access "window™ to the
the user with its internal structuy

1 form) to.aid the user 1in
above-stated dichotomy,
verwhelming network on’the

know about a variety Qf
nformation resources ana
ding . them with suitable

ds of help.
reby become convenient,
network without concerning
re, control mechanisms and

other bothersome - details. Alth
consi@ered.a& too idealistic, it

the di'rection "of the "one-~stop:
which was advocated (by an ERIC s

ough this may .still be

urely tends to get us In

shopping center" for users
taff member) as a very

desirable ERIC goal. Thé ‘concept of the "one- stop shopping

center does not, for aur 1ntere%t
mean that ERIC must own cr contro
centem. We realize that it mdy

- _ certain JInformation resources (

commuhity) to exist outside.” of ERIC,

nature of gnetworking and dlstr
that dxfferent information stores,
~can: be made derCtlY accessi

« . .. . _
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s in this study, have to

1. all the "stores™ in that

-always be necessary for .
Qe:tainlng to the education

Buf, the. inherent
ibuting~Pprocessing is such
regardless of ~ownership,

ble ko users and/or be

viate the problems-+ that

network-wide jnteraction.
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&ncompﬂsqod in an "ipformation resources | diveclorv™  uhbich
can aitd  users in  delerminung ot Toaat whint foined et
information is available from what system.. One oplion wpu!s
be to provide the neltwprk usars wilh access to an integrated
(multi-organizational and multi-media) scarch system ‘which
would respend only on some surrogate level. The user could
then order the referenced documents or other items from the

identified source organization (ERIC or non—ERI?),

\

4.3.3 Modes of Use

One | distinction in mode of se of a netwWork of
ihformatidn resources is that_- heLweonﬂ/ on-1ine (or
interactive) and off-line use (Scction 3.2 1). Previous
studles af ERIC users have. suggested increasing interest in
the on-link mode [EVA-3). 1If possible, a user who has an
immediate | information need | tends to want the information
now, not tgmorrow and not thrlee weeks from now. Note that
this does | not mean that ithe information is necessarily
located at @ remote site. A locally (floppy-disk) stored

file agegmept, 1if it contains what the user wants, would he
quite satis actory. T :

o~ \ ’ . >

But, the above- implied desirable situation is' not
attainable by ERIC without overcoming some ‘important
problems. Firstly, a distributed processing network of the
kind ortryayed :in this total system-oriente ‘section,
coupledvwith the numerous on-line terminals which could
serve . as uUser access nodes, of course costs more money.
Secondly, we must not ignore the fact that ERIC remains very

much micrgfiche reproduction oriented which generally
‘cohnotes "ofif-line" usage, -even though certain orders (for

EDRS service) can be placed on-line. The computer-micrdfilm
composite canfiguration of redrional (and even local |user)
processing |nodes, which has been promoted in several places
of- this rep;rt, could complement the on-line and off-line

udage mode in such a way that futuristic ERIC nctwork
design (inc uding the possibility of mass memory facilities
capableﬁbof fh11-document storage) could become .increasingly
on-1line oriented as it becomes more feasible and effective

to do so. » . ) Y "Lﬂf . .
: . ) ,

»4.3.4 Types of Assistance
) : } ”~

[4

Presently, ERIC users are relatively -on their own,

. unless they are fortunate ‘to have the services of a

knowledgeable intermediary., They can of course £ind some
helpful documgntation on ﬁbﬂ to use ERIC [€. 9.« see in ERY
category)] and listings of whe the ERIC data base is  heing
maintained as searchable or. reproduc1ble. In ‘mamy smaller
organizations and libraries, getting access is .undoubte®ly a
qttuggle. ' ' '
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In the potential ERIC network en#iropment, the user who
I's  heing provided vith local accecsibility shoold adao ged

.plenty of assistance. This help can take on a nymber of

useful forms “Including: on-line tutorlal description of
ERYC, directory to ERIC information resources (as mentionced

in B8ection 4.3.2), on-1line help from appropriate ERIC staf( .

members and possibl§ even coordination via conferencing
(Section 4.2.4). with other users who have similar
information-seeking problems. '

4,3.5 User TFeedback

Finally, in user-network interfacing, it must not be
forgotten that any vital information system should remain

dynamic by continually - scrutinizing its design and
per formance and modifying it to adapt to changing user
needs. In additiomm to other formal® self-evaluation
technigues [see. EVA category), the solicitation of and
ser ious attention to user feedback is crucial. ’

In a future ERIC network, this means that users should
have the mechanisms for easily submitting comments (both
good and bad), issuing specific complaints an requesting
immediate explanations = of exceptional system behaviors

(including billings). Computerized mailing and conferencing’

methods (Section 4.2.4) can QE very supbortive of this goal._
. . | ‘
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5. CONCLUSIONS AND RECOMMENDATTONS
}5
In presenting the component- and syslem-or iented
regsults of our investigation, a number of observations about
Lhe current ERIC system as well as both explicit and
implicit suggestions on its future technology-based
“improvement were already indicated. However, to properly

complete the - report, a Ctomposite of our ma)or conclusions:
And recommendations, placed into the contéxt of othér

(non~technical)  .considerations to the extent possible, must
be made. . A ! "

This section is purposely. organized in a ‘relatively
brief, outline format ip order to facilitate its reading.
References to selected supportive dwvcussxons found
elsewhere)inﬁthe report are made as appropriate. :

N

L4

5.1 Current ERIC Technofogy

~
-

Our conCldélons on ERIC-employed technology as it
currently exists can be portraved as [ollows- - '

1. ERIC is highly dichotomized in the |usage of
micrograpliics and computer technology (sece Section
3.1.3.6). This g which pervades and ™npfluences
the ( entire systégt is starting to be bridyed with

o selécted efforts, e.g.. the use of COM by ENRS and
the online ordering of microfiche copies. G
2., The-micrographics technology that is in use hy kgRS
, is. guite  good ~ (see \Section: 3.1.2.5). he -
percentage of inadequate 'microfiche has been
reasonably low in recent, years Poor quality
.fugitive documents_ﬁﬁelecteéﬂ for mICLOf1Chlnq do
cause ‘problems,. and" understandabl?~so :
3. On the user- end mlcroflche technology,
- 'besideg - above~-men ggr difficulties with certain
fugitive ‘document mi¢rofilmed, the quallty of
microfiche readers _ang- reader/prlnters is suhféct’
to serious questioh. According to a number of
- sources, - such ‘equipment available in the

educational~ bmmugity. is often. cheaply made or
poorly . mainl aine orwimproperly used (see Section

3.2.2. 3) ¢

ﬁﬁi The “use af computeré in ERIC 1nvkoes an assogtment
’ of .distinct, relatively “independent fatilities,

oxganizatjons and modes. Ahese range froi \“RIC:
database - preparation (by " the ERIC"Fa01]1ty in

conjunétion' with. a contracted . service) to the
on<xline search (by ERIC users) of -one' of the

~available ,'commercial computerized systems. An
overall, - 3m§ER/ERIC—controlled|“ or ' - -promoted
o , TS ) - v
e % 81 9+ S
e | - ”1 s
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computer/communications notwnrk)aﬁ such  doens not

exlsl (see Sectlon 4.1.2). } 3

2
/

¢

5. wWith regard to compuLer*éssociaEggl terminals, ( a
considerable assortment. of mostly simple and/ar
speclalized pleces of equipment 1is 1in use (see

) Secttons 3.1.3 and 3.2.3). On the input side, ERIC

e clear inghouses employ devices for OCR  (of

surrogates) and for that purpose only. Various

interactive terminals are used for on-1line access

t and searching of ERIC filesﬁin different ravailable
gystems_ &

6. Mukti—purpose 1/0 equipment, perhaps supporteﬁgxby

somp local ¢Etomputer processing and data gtorage

: .\\cap.bility, is rare in ERIC. Several exceptional

* > sites have done %ﬁmited (mostly experimbntal) work

with word protessing equipment and other

intelligent display stations, as part of an

S ¢ ERIC-sponsored projecﬁ ta, determine advantages and
ot costs. ' . ) L

.\\

\
N

- /oo : \ :
T . b7. ERIC tec ndlogyland.datééases are strictly attuned
: to ' the - processing of, visual data (see Sectiaon

( N 3.1.1.1). . These arb predeminantly of . the

v alphanumeric. ~wariety although ‘‘'some tables and
graphs may be. idncluded: Audiqvisual ’and other

data/media are not accommodated. —

~ N

-

R : ERIC,techAology‘*can only serve a 11 ited data
. rocessin purpose (see Sections 3£1.1.3  and
TN g.?.I.?TTﬂ Conputer-based }"manipula%ion‘ “and
séarching '{g\ gnly possible -on low-vdlume items
(e.g. ~ surrdgates). In . achordance with  the
dichotomy: mentioned in 1 above, full sized
documents aré microfiched, saved, and reproduced

_upon Treguest. Their . texts are not searchable by
\gomputer. '

-

9. The above-characterized collective technology of

</ _ ERIC, . as _ it currently exists, primarily
- accommodates the needs of information specialists,

s *~ working in regional information centers or sizable
libraries and able to cope.with the diversity of>

- indepefident, inconsistent . inforfmation sources and

‘o - media. . The “technology does not 4fagilitate = a
~uniformized, ldcalized access by end - users who
.represent the bulk pf;potentiEI.ERIC ugsers ., in ‘the .

educational community (see -Section 4.3). ., N )

R 10, Finally, the current technological makejbpmgf ERIC
AR " ds’ . surprisingly consistent with the original 4
S - intentions and plans (see Section 1.1), -in spitewofyt
. .. many commendable ‘improvemen t$ made over theé years.d
'/7"\ One major sexception’ appears to !be the lack of

; . _ [
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communicalion Lechnoloygy Lo Lic Lhe pireces of URIC
togelther and render 1ts resources more dirvectly
accessible  to morce users. Although ERIC uscers can

and do carry out on-line searches>of IRIC databases
via available communications netwédrks, that cannot
be viewed aF an adeqguate substitute for = an
all-encompasgfing ERIC-controlled/promoted network,

/ regardless - of the supplier pr ihe communication
services (see®Section 4.1). ~

A

[N

The Above-stateg conclusions were drawn given full

recognitigh of what appears. to be lhe NIE/ERIC phllesophy of
’retaining a decentralized, wholesale-retall approach to the
ERIC' system. Nevertheless, since we were asked to conslder -

how technology could imwprove ERIC, we feel obliged to point
out that a centralized impetus ~ror @initiative towards
encompassing ERIC resources in a more integrated, accessible
manner 1is necessary to gain major potential benefits. At

the heart of such efforts would undoubtedly have to be .the.

application ~of . state-of-the-art computer/communicaticns
technology” coupled with dlstributed processing. As-. ds
observed -later, this "does not have  to mean elimlnatlon of
the above-indicated bhilosophy in favor of , highly
centrdlized management and contro]‘by ERIC. '

£ v

5.2 State;onthewArt Technology?
o . ’ . . ¢
Costs  of computer . hardware _ are going down
significantly. ‘This trend, combined with increaséd
capabilities and decreased sizes of mini- and | micro-

d even in our

compyters, virtually assures ., the ever ‘m;;e popular and

prevalant’ uses of computers inyggr society a

homas._  ~Even information- seeklng,--nonspec*allst users of-
- ERIC may be affected. - -

Commgnication costs are also dropping, although not as

rapidly as . ‘those for computers. The communications:

technology exhiblts a con51derab1e variety of effective and
reliable techniques ~ang dl%Clpljnes for < sharing
communication lines and devices.
inter facing . of" \Qomputers and communfcations media. has

‘resulted. in vegy at&racilve Jéta.transm1351on and proceﬁ%ing

arrangaments and networ s Lo - ’

Giventhi% brlef backdrop of the stategpf—-the-art of

.- computer /commydication technolygy, our conhclusions ) which

specifically.apply to ERIC aré as fdllows-

g ki

S

Furthermdre; they -

. 'With regard to the microfilnﬁwjktmanch Qf the ERTC

'technologlcal dichotomy, ° no. signlfncant
v i enhancements are cprrently: avallable_or foreseen. in
Lo - the " pear fUture, .~ short of . coupling or

« . ;
. .
. & .
g B Y L eop - o ’ . i ) . . - - s
[T R > - . . e .- . PN . i s <, .
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croqstfertilizatlon with computers. ‘This  is -



, partly, and regrettably, due to the fact that
' vesearch and development in the micrographics avea
is not near ly as intensive and potentially-
lucgrative as in the area of _ computers and
communications, especlally whent the” (relatively
poor) educational comminity i1s inv#lved as a part
of the market.

2, As a corollary to 1 above, better microfiche
] readers “wnd reader/prxntfgf ate available than
. those which are apparantly "(or allegedly) utilized
by many - ERIC us@%rs. But " they tend to be more
( expensive and hence less likely to be affordable by'
e geducators (than by Persons in husiness or
. . industry) . AN ’ N

3. As was stated by a number of persons contacted in
' coninnction, with this} study (both w1th1p and
. outside of ERIC), we already have the neces sary
< ~technology on thand. The technology for signifjcant
' improvements of ERIC is“already available; = w& must

)_ only determine how to apply 1ltumost advantageously,
' ‘& ahd, of course,  how to support - its » application
financially. A >

& f
- . s T

"4. Until and umléss mass storage technologies become

opérationally available and viable alternatives to

~ . full- docpment  storage ‘on microfjiche, "~ a .closer

édhplingj or integratilon of ' micrographics and

computer” technologies ~is  both  posssible  and
.desirable for ERIC (See Section 3.1.4 end 3.2.4).

*

5. Mini~ and - migro- computgr based intelligent
terminals are _ available for mud ti-purpose

applicatibw (including  above-suggested coupling

with micyrpgraphics ang also replacement of OCR.-

input,“if desired) . These could be wutilized at
ERIC cléaringhouses and other 1nformat10n centers

(see Secion 3.1.3.5). However, such . systems may

B not _be” viewed as cost ' effective by most
) FRIC assoc1at sites//unkil or unless they are
regardig form, of distributed processing which,

ced in

- . ~ when p to the contexg of a network, ean
¢ . / precipitate or produce important ‘other benefits. = *

~ ) N I \ ] o~ . ~
» 6. As implied - by 5,- the interconnection of ERIC

proceSsing nodes (including the clearlnghouses, the

Facility, a"ENEDRS) into a distributed . information
network } . a dlstinct . technolagical possxbllity
(see Section 4.1. 3). - Other resources such. as
on-1Yne  search  systens . and  future database
computers’ could also become “accessible via that
. network. With regard to choice of communication
C ".  support, the'#urre t technology RIOVJdeS “a number .
U : of alternatives ,,,,,,, {see . Sech&on .1 2) . o
o \ . . - . > o '
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Current state-of-the-art
portrait of
and communication cost trends arc

above

. \\l
Nol only WANdygnent

could BERIC staft and Povref
from the above (see Scction 4.2}, But, above all,
the ERIC users could experience  the sought-aflter
local accessibility Lo Lhe technologicallye
facilitated ERIC resource network. User aceess
could be wvia local terminals, whether simple or
intelligent, whith “could tie 1into one of the
established intermediary nodes in the petwork.
. f
' N ¢ !

techpiology can support  the
what ERIC mighl become.”- While compuler
Cavorable, a major

to change ERIC could nevertheless be quite costly and hence

require considerable commitment.
understanding., of
mission,
or strategies
and should be considered.

our

-

2:3 Approaches to Improvement

It

Firstly,
outlined
will be required based on further study expressly
on ~ that
study was not expected - to arrive at
Consistent

»on projected data flow rates among ERIC
approach
the future may beé preferred.
entail the following:

-
i
-
[ . '
f .
.

BT
I

does not have to be an

proposition ’
_ immediately would most certainly seem prohibitive.
- number of factors

systems.
-and support carefully planned experimental

In view of that and leen
NIE/ERIC thinking about FRIG\and its
it should be pointed out that different approaches
for technology-based improvement of ERIC exist

all"
out

- nothing at
going all

"all or

for NIE/ERIC. The cost™ of

into account.

H

should be taken

for
in ‘. the

whatever dption is chosen from among those
next section, more- detailed specifications
focussing
was stated early in this report, our
deslign spedificatlons

this clear need for more information (ef.g.

nodes), a- gradual
"a -distributed processing network in
Nhis approach mMight generally

option. - As
with

to achieving

Qapitalize on existing interest/expertise available
in selected clearlnghouqes with regard to use of
word processing equipment and intelllgent terminal
Foster and promote this kind of interest
efforts
to determine more specific ERIC requirements.

In like ‘mannmer to 1, promote/support
efforts .to -interconnect pairs or clusters . of
processing nodes for purposes of. well-structured
testlng of inter-node. coﬁmunjcatiqn Doislbllltnes
In ad&ltjon, the

enable node ccmnectlon with ERIC

Facility « (and possibly EDRS) for surrogate and
other ‘input as-.well as to serve other, fi¥nctjions,
oigi longer- .- periods °~ of " time t what .was
5 . r/"- ' . . . -85 a

e 7
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applicable to the 19708 cxper twmental ctady fowrr
4. In the process of the  above stepy, develop
well~-documented "mode 1g" of suitable,
cost-elfective node (‘o.ﬂ"]‘ gurations which can
y ' subsequently bhe Lxuwloﬁ by other LRIC nodes after

PO ) they become convinced, \vinq obgerved succesglul

operation eélsewhere.
e .
\ 5]

- Ultimately., the “abOVOmauqqeﬁL@ch/bui]ﬂinq~hlccks

Pro

-
D
o approagc! could lead Lo a distributed network:

encompa

gsing all ERIC nodes p1uL other  yesource
centers and of course also user acc

ess stations,

1

The advantages of such a gradualsg, stepwise approach

: include flexaibility and freedom to  try ut and test
\ different kinds of equipment with: - the pessibility - of
' arriving at several “kinds of processing nodés tailored to’
"somewhat different sets of purppses. A disadvantage is Lhat

it might take a long time before agreement is reached and
before anth1ng ro%emblfng a true integrated ERIC network is
1mplement%?. : ' .

g

¥

4 ' It must bg noted, furthermore, that the ahove approach
must be carefully planned and centrally directed in order to
promise success. Amohg .othe problcms! whenever' a number of

N pagts of .a "system"™ are Wwldowed to develop too freely
without guidance "on how o relate to others, the
(in)compatgfillty results may be disastrous. This is merely
to suggest® FEhat - dellberate, long-range attempt to
introduce networking" and d1str1buted procgssing to ERIC mudt
be undertaken. It should be monttored by al ompetent staff

= LN of techmologists who Y®main up-tao-date op such- matters .as
' computer communncatloﬁ\1nte§§a01ng téchniques and’ &tandards.
- Simultaneously, .the centra leadership should take very
"vishble steps towards stimulating ‘and. © ‘training
. current/potential. ‘ERIC wusers in  the effective use of the
. technology for purposes of ach1ev1ng early and widespread >
'~ user - acceptance. ) {‘. g
R { . . »
7 EER Fina]ly; if improvements tp ERIC are to be expedited
4 (comga[ed to the . gradual - approach . suggested‘bbove);)thfm

¥ problem w1th adequate funding remains. S =
A - ..' » . N ( ' . ch

9 ) .Q" ! ’ . \j
5.4 Range of Availab]e Opthn ‘
N ' After all is said and done 1in 7 an investfgétion like .
 this; the “"bottom-line® question. that must be asked is:.
o What, then,.are the choices available to NTE/ERIC and how' do '

U N they compare tn terms of potent:gl benefits and costs?’
: P g s
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Detailed anatyren aoand comprat teer, e crese Vet e and
feasible in  this  study. The hetevogencoug, decentializoed
nature of curirent EBIC, its diverse poessing niles, it
limited gtate of  technology and  ita  lrregular  usaqe
characteristica vender any credible  attempt at  projecting
coat Cigureg for future BRIC configurations a substantial

effort. Whille that iz recommended among posgible fqollow-on:
studies (see Section 5.6), lt could not be encompassed In
- our work. Nevertheless, the following outline of seven
major optlons . for technology- based Improvement of ERIC is
arranged in order of gencrally increasing cogls and
correlated beneflits. The increases are mostly cumulative
’ due to one optlon being prerequislite to another. The

interrelationships are made evident below.

1. LEAVE THE ERIC DESIGN ESSENTIALLY AS IS AND
- CONCENTRATE ON SELECTED IMPROVEMENT of ong or more
of itg technological components and uses thereof.
a. In micrographics at EDRS: use of diazo
instead of veosicular film; further
-tightening of quality control in
microfilming/proceasing; <¢lear,
individaalized identiflcation
of poor quality original
documents; greater coupling #lth
computers, e.g., wlith COM (therecby
" ' encouraging other computer—based
options below).

b. On document input: finalization of

" reproducibility guidelines; guidelines
for control of original document
preparation, perhaps using word
procesgsing computers (again
precipitating later options below).

c. On ERIC Facillty software: {mprovement
of 1ts logical capabilities and
efficiency, 1in conjunction with the
contracted computer servicé (an option *
which 138 possible but unlikely to reap
. major new benefits for users under present
. - ERIC design);- Increased word processing
: power to-facilitate editing/handling of
- gurrogates. supplied by the ¢learinghouses;
- use of mini-computer bagsed DBMS.

S d. On the ERIC database: enabling other »
C ~ kinds of educational resources (e.g., -

- s audiovisual materials) to be referenced
- : : | at the surrogate level, even If the

.- information media themselves (e.g.,
' -+movies) are not directly controlled
. by ERIC..- ., . - X
o . g7 .
. - o 9%




. Onmicroliche veaders and reader, printers:
promotion/support of better gquality
equipment made avallable to ERIC userg;
puplicity and tralning of users to achieve
mare effective use and wider acceptance.

Besldes Optlon 1; REPLACE OR  SUPPLEMENT  THE
SINGLE-PURPOSE OCR EQUIPMENT IN CLEARINGHOUSES WITH

MULTXI~-PURPOSE WORD PROCESSING SYSTEMS. . These

systems = could be of different configurdtions,

tailored to the partiocular needs of redpective ERIC.

sltes. Inltlal emphasls would be on more effective
autonomous operaticms. However, the capabilities
and intercompatibllities =~ for , node-to-node

.communicatlon should .be\assured, just Iin case - this.

choice leads to Option 5\below.

, A
Besides Options. 1 and . 2,  ANTICIPATE OPERATIONAL
AVAILABILITY OF A MASS DATA  STORAGE AND SEARCH
CAPABILITY to better ‘accommodate the ERIC data
bases. ~ Among the more promising technologles are
videodigk and the data " base computer. Wwith the

_ possibility ©f such technology agguming some (or

all) of the  full-document storage + function
currently ‘gserved hy microfiche, functional
modularity in ERIC design 1is highl& girable.

Thig, app %es especially to efforts towar@ coupling

ar blending microgrﬁphics with computer-based means
(e.g. in Option 4). Furthermore, 1t is-.gquite

‘likely that future availability of such =a mass

storage  facility will naturally précipitate

interest in on-line accessibility. and hence the

networking Opéﬁon 6 described below.
{

. Beyond Option 2, éROMOTE MULTI-PURPOSE, COMPUTER-

BASED NODES AT ALEL ERIC- ASSOCIATED INFORMATION

_CENTERS, including clearinghouses - .and user

ofganizatiqns. These nodes can be complemented and

"modularily coupled ' with micrographics  equipment:
- Emphasis .would be on relatively autonomous use of

guch , intelligent local systems. However, they

v+ could occasionally be linked into other facilities,

e.g. for general ERIC. data base: gearching (in some
on-line retrieval system) leadimng to local storade
and searching of resulting file segm$nts

¢

gased ~on Option 2 T or - '4, INTERCONNECT THE
INFORMATION y. ROCESSING NODES via belecommunication
- facilities, ; : ' .

iR
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Thig conld be done in a  gradual manne: Starl ing

‘with palrwige Llinks where the data traffic is
.adequately high. The relatively antonomous
Independent opaeratfon of Optlong 2 and 4 would lead
to increased technology-based interdepéndence, with

concomitant advantage to be gained In terms of
spore coordinated and egfective gupport of ERIC.

6. Based on Optlon 5, DEVELOP A _FULL-SCALE COMPUTER/
COMMUNICATIONS NETWORK IFOR THE EDUCATIONAL -
- COMMUNITY. The nodes would be the wmulti-purpose,

- small-computer bas d statiqns of the clearinghouses {
and of varilous e\egional Informatlion. pqrocessing
centersg. nccessihle resource nodeg wguld also )
include the ERIC Fracility, one or mordg on-line
search systems providing the entire ERIC data bhase,
EDRS8 for use of COM and ordering of harid coples

3 ; (maybe  also with facsimile transmissipn), and
perhaps a future data base computer wlith mass
/. memory (based on Option 3) prOViding (Belected)
full-text documents in computprtged forjn. This’
network could also accommodate the hseful| formg of
il management/staff/user pommunicﬁﬁion and
\ ..  conferencing. B _ ' C
k3 ‘57:3%"»: o ’%{( . : A .
~ 7. Capitalizing on OptiOn 6, ENCOURAGE ©AND SUPPORT -
WIDESPREAD AVAILABILITY-OF LOCAL USER TFRMI&ALS AND,
‘DEVELOPMENT OF USER~ORIENTED NETWORK INTERFACE
SOFTWARE. While Option 6 - focusses on the
_ o technology of the resources network 1itself, this
L - optfon emphasizes the essentlal ultimate objective
~ S of providing farilitated "local user accessibility”
_to the information resources. Thege user terminals
could either be tied into" the nearest regional
information qeqter and be controlled from there, or
. . theysmight be 1linked into a fully -distributed :
) R (value Tdded) type of communications detwork. In'° o

.

- any case,| although such extensive user access  may
‘ _&ppear to, be exceedingly ‘costly, if the information T .
e . ,resources| network\is attractive enough, much if not / s
. . pall of the local “terminal and communications costs '/
. " - T are likel ) to'be Born by the ,users or ithe user /
o o h[organizations. Expected substantial increases in z/
B e numbers of home computers, tled into’ televigsion and, !
s S o telephone devices, will serve to _enhance that /
' ' 'prospecp., ' . ' N ¢ o [
. : l i , R S
=4 . ‘ A E ' SRS /
. R Thusq' gve reached he final stage in+ the '/
TV L above-listed seque ce - of interdependent -options., | The /
L .. technplogy is alreally here to support such recommended |
E effotts, which probably will be viewed as too costly or too |
~idealistic" or ‘too ‘futuristic.or .too technology-oriented to /.
Buit’ the presenta,hastes of many people in the educational [
communi%y. But, condider the- alternatfves. Think ahead to |




the  yeoa 2000 o1 oven  only Taan, With ocomprb o s and
telecomhunlcations becoming -ipcreasingly prominent and vital
in all sectors of our society, and with present-day students
and many of thelr teachers becoming more and more educated
in and Bensitized to information processing/ transhission
technology, the current highly dichotomized and lacally
"{naccessible” design of the ERIC saystem will surely be
viewed as inadequate by the education community.’

‘The ldea of pioviding users with local accessibility by
emulating a "one stop shopping center" at which (regardless
of who éwns the stores) the shopping for all available types
of educational data, resources anhd media can be. carvied out,
{8 no longer far—-fetched. Tt can (be done, although it takes
time and money to do so. But,-wlth enough foresight and
careful” planning, glven the centralized leadership to
stimulate/promote/support the ceffort - and with the
decentralized capability and enthusiasm to respond to such
leadership, ERIC could perform in a significantly improved
manner one decade from now.'

The above portrait of what jis technologically possible
must be Tealistically !guaiified. The current. NIE/ERIC
management philosophy appears * to be banked [ on 1.
decentralization (letting "clearinghouses and information
centers do things largely on their own initiatives), 2. the
wholesale-retail concept ‘(and not wanting to adopt or
control or ‘compete with ERIC- associated functions presently
‘'served by commercial organizations), 3. a general realism
~(1f not pessimism) about prospects ‘for achieving major

incréases in Federal funding of ERIC (and hence being ‘unable
- to support many of the, technology-based improvements at Ehe
. information centers. and ugser sgites), 4. the view of the
ERIC mission as much more limited ‘(e.g. ‘to fugitive textual
ddcuments and their preservation) ' than what- many other
people see or would Like to be true, and finally, 5. the
interest 1in. maintéining +the  desirable characteristic of.
ERIC, namely  its {acknowledged stabtlity ‘(as opposed to
undertaking mgior nnovative efforts which could perturb the’

“system) In addifivbn, a general .feeling. seems to persist -’

suggesting that / the - educational community elther does not
want or is not ready for too much more ‘technology.

If that ph losophy is, retained and perhaps it should
be, then the- lower-numbered options { 1 and maybe some of 2
agnd 3) are most appropriate and most likely to be pursued.

" ‘There 1is ’ question, ~howeyer, that resulting, selected .

improvements fand user-sege benefits will be = strictly
-limited,” . Tf, ¢ ‘on. the gth ~hapd; the -more advanced
computef/cOmmunications technology 'i% to be more fully and
favorably applied to ERIC (through Options\ 4 through *7), at
least some 'of , the above-stated views wil1 have to be
‘modiffed. ﬁ'-:i o ' o %

ook’
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5.5 Suggested Follow Ups

Among the results expected from thls investigation was
an indication of deslrable, speciallzed follow-up elforts
(Sectidbn 1.3) which could carry out detalled analyses and/or

produce actual design speclitications. With reflerence Lo the
seven major optlions outlined in Section 5.4, - the (following
studles are recommended as poten tally fru’L[ul The list

is not exhaust;vo
- 7
1. For Optlon 1l:
' -~
a. A feasibility study to determine how and
when ERIC might be able to better control
yor influence origlnal document preparation
towardg overcoming current problems with
fugitive documents. .

bh. A-study to dete'@ine how a versatile,
mini-computer-based system (conheclible’
to one or more larger computerized
information services as well -as EDRS)
could support and .enhance the functions
. of the ERIC Facility.

*

~

4 c. DB feasibility Stddy on the implications
' and required resources for accommodating
other educational resources, such as
videotape, at the surrogate level of the
ERIC database. s

d. A study to determine specific means and
amethods for promoting the use of improved
microfiche readers and reader/printers by
ERIC users -and for conducting appropriate
user training.

2. For Options 2 and 4:

e

A study to determine several model minicomputer-
based configurations to serve the different classes
and volume? of information processing carried out
at- ERIC clearinghouses and other- information
centers. ,Thése models should include specification
of equipment alternatives and costs.

. 3. -, For Option'3 (in relation to Options 2 and 4):-,

A study to determine specific methods fpr the
_effective coupling of computers and micrographics
..equipment at ERIC ‘ clearinghouses ,and otbher

information centers. Emphasis should be on modular,

design with the explicit purpose of: future
eplacement of ‘selected micgrofilm functions with
mass. memory technology. '

91
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A study te determine current and projected data

traffic loads and patterns between/among ERIC
information centers and resource slles. The full
range ol operational, computer-to-computer,

terminal-to-computer, and person-to-person Lypes

and medes of communication should be taken into
account. A.clear profile of ERIC data transmission

requirements should result. Another study, perhaps .
coupled. with the above, to determine the specific

types of telecommunication services, vendors and
costs which could accommodate the present and
future ERIC data transmission requirements most
effectively and efficiently.

4

For Optlon 6:

A study, poséibly related to those for-Option 5, to '

determine the most . suitable computer/
communications network structure(s) and form(s)
of , control for the particular -geographically

‘separéted nodes of ERIC.

For Options -5 and 6:

A study to provide effective guidance and
consultation to NIE/ERIC on how gradual .

interconnection of. ERIC nodes - can be achieved
consistent with and/or in anticipation of
computer/communications interfacing requirements

and standards.. This would be intended to preclude

lncompatibility -problems due to independently

implemented computer facilities at various ERIC
sites. o : : :

For Option 7: | n ' '

A study " to '_cons{aer realistic technological
alternatives and’'costs for' localized interfacing of
present/potential users to an ERIC network, with
the expressed purpose of prov1ding the ana]oqy to a

"one-stop shopping center

&
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