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AN INVESTIGATICON OF THE CHARACTERISTICS OF ULTRAFICHE
AND ITS APPLICATION TO COLLEGES AND UNIVERSITIES

PROGRAM SGMMARY AND MAJOR CONCLUSIONS

The mvestigation of altrafiche technology and its applications in
higher education has resulted in a far-ranging study whick comments
on microform use, in general, in addition to ultrafiche as a specific
topic. Tais unanticipated scope resulted when it became obvious that
reader preseniations of typica: educational materials were of excellent
quality throughout the range of reduction ratios investigated (32x to
150x). While a quality differential was detectable as magnification
increased, it was found that the presented image, at 150 times magni-
fication, still compared favorably in readability with the original nard-
copy that was filmed. While this result was uaexpected, it is clearly
the product of an optimizcd application of microimage technology while
initial expectations were based on sub-optunal technology.

A carefully designed reading experiment determined that
students could preserve skill levels (reading rate and comprehension)
when utilizing reader presentations of material ranging from the
descriptive to the subile and abstract. In this comparison of perfor-
mance on readers against that obtained on hardcopy, the role «f
reduction ratio was examined; thereafter it was dismissed since per-
formance was independent of reduction ratio as well as being essen-
tially equal to that obtained on hardcopy. Instead of a focus on technical
differences attributable to high reduction, the emphasis was directed
toward differcnces in presentation aspects and user resaction to these
differences. This development transform:=d the study from one explor-
ing "Can a student use an ultrafiche presentation?" {o a study that
asked "Will a student use a microform presentation?” The implication
1s clear: if reduction ratio is not self-limiting in the range investigated,
nothing distinguiskes an ultrafiche presentation from any cther micro-
form presentation as far as the us2r is concerned.

The question of ¥"Will a student use microform?! was probed
on the assurmption that use would be routine rather than exceptional.
A model was developed and given preliminary testing in which tke
man-machine interaction was viewed as an interface containing
discrepancies that were of two major types: either reinforcing or
neutral. Reinforcing discrepancies are encountered with each frame of
presented information and cause negative attitudes to form on the part
of a user by forcing the user to formalize his own :nodel of expectations




ccncerning the interface. Neutral or non-reinforcing discreparcies

can be tolerated because ihey appear to be ¥part of the system™ and do
not provoke the user to frame his expectations concerning them.
Paralleling the importance of identifying types of discrepancies, another
szries of user experiments indicated that the information communicated
must be suostantive and make demands on the user in order to min-
imize the user’s concern with the reader and detailed aspects of its

performance.

An experiment comprised of “search" tasks which were dif-
ficult and frustrating shows that the user quickiy evaluates the reader
process in terms of a subsiii:ztian for a bcok or hardcopy. Once the
alternative is recognized, the user makes couasg2risons and becomes
aware of discrepancies and begins to formalize his expectztions.

Discrepancies in the user-recader interaction have been ciassi-
fied as to presentation ~gquivalence, task accommodation, and 2nvirop-
mental adaptation. In terms of presentation, rcinforcing discregarcies
include "hot spot, * scintillation, dirt, and ncaumiiormity of focus; task
accommodaticn discrepancies inciude frame-to-frame focus and frame
positicning; adaptation discrepancies inciude machine placement position-
ing {and size).

Corclusions and Recommendations Bascd on Experimentation

1. User accezptance of microform pres=ntations hinges on over-
coming reinforcing discrepancies in the man-machine interface.

2. Discrepancies can be recognized and appropriate design
steps zaken to minimize cffects if the proposed application is aralyzed
by identifying differences between the microform system and the *old*
or "existing"” system that is to be repiaced.

3. The use of smail screcn size is attractive for presentation
of book materials since épprcximately 90% of these materials have lecs
than a 9-inch height and a 6-inch widih: {information area). This
statistic favors small reader design.

4. Informnation should be organized on a fiche by columnr rather
than by row. This recommendaticn has major user advantages, and is
one of the principal recommendations to pablishers in ultrafiche. This
changec in format makes precise framing possible (side to side) and

xiv




vertical framing arbitrary: framing difficulty is the principal dis-
advantaze of 2 smail screen size and this change in format effectively
overcomes framing Jifficaity. This format change does no violence to
existing ficke or readers, tut has particuiar a2pplicatios for uitrafiche
sincealarge numnber of franes are availableia a coiumz. The columns,
themselves, conld be used as a basic tool for organization of the inior-
mation contained oa the fiche.

5. The characterization of image quality using the random
grain pattern technique has clarified the respective concepts of rcad-
ability and visibility as operative in high-rcduction, high-density
microimagery. For the aprlication considered, i.e., education. itis
the readability that must be preserved; current technology can maintain

high readability at highk reduction ratios.

s Conclusions and Recommendations Based on Applications Studies

[J—_—

1. Routine use of microform depends primarily on the creztion
of a valuable informztion base responsive to a wide range of student
information needs.

b ey

- 2. Uitrafiche should be the microform used to create the
information base. Economic feasibiiity has been demonstrated oniy

for the creation of a "core" library having large numbers of titles in

the collection; such a collection would be very attractive cn a cost basis
to small or new educational institutions but would beccrme less attractive
to larger institutions (librarics) as the amount of dupiication is

i increased. The success of a library coiiection representing all types

of material appears to be pivotal before single ultrafiche publications
will be available. The economic feasibility of othexr educational uses

b " -.~for-ultrzfiche have not been considered in this report.
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3. Speciai collections on uitrafiche are already being planned.
. The basic attraction in these ventures lies in the low cost per title
. acquired; but the rature of the material at this time (historical)
promotes exceptional rather than routine use of the microform.
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4. Unfortunately, a “best" reduction ratio cannot be identified
for the sake of uniformity between competing publishing ventures. It
remains the responsibility oi the markectplace to judge the system that
best responds ic the particular needs of education. Reduction ratio is
T only one system parameter and it is not critical to a responsive system
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INTRODUCTION

The investigation ofultrafich= and its educktional applicaticns is
an unusual research program -- as will be obvicus in the remainder of
this Intzrim Report. On 1 July 1968, the project st=2ff was concerned
with the technology of ultrafiche; its applications were seen as limited
by the staie of the Lechnoiogy in terms of the demands that would ne
made on it by the diversity of educational and library materials, and by
z student’s ability to eficctively utilize educational :naterials made
available in the high image density that characterized ultrafiche.

Now, in August 1969, the project staff is concerned with ultra-
fiché ornly in the sense that it is an extension of the inclusiveness of the
microforr: family: :: best microform for a class of materials that
reqaiires hundreds cf frames in order i0 preserve tha integrity of the
fiimed document {kook-length materials, speciiically). The concern
about effective us. of materials filmed at high density has broadened fo
be a concern about the effective use of microform presentziions from
the viewpoint of the user and from the vantage of the enabling system.

Applications are not limited by the techrical consicerations in
making a high quality fiche (an important requirement for any reduction
ratio); they are limited by the requirement that an application must
have true value to the student -- not just an administrative value. It
shouid be emphasized that applications, as discussed in this report,

X imply “broad usage cn a routine basis.® There should be no confusion
on this point. Microforms are widely distributed in the educational
environment at this time, but the present user group is a limited one
rather than a broad group, and usc is excepticnal rather than routine.
Applications can be characterized by this distinction: it must be
appreciated that the distinction leads to an enlarged probiem scope when
routine use is accepted as ar appiication criterion. In education appii-
cations, the only motivation for utiiizing a microform presentation
arises irom the information needs of the student as perceived by the
student and not by the administration. An application anticipating excep-
ticnal use is not required to respond to the range of systems considera-
tions invoived in an application based on routine use because the exception
is synonymous with great need and nigh motivation which can overcome
system defects. Routine use impiies variable motivation which will

not overcome system defects.




Wz have considered applications in two ways in this report: one
presents the library application from an economic standpoint and dis-
cusses the feasibility of ultrafiche publicaticn in an administrative con-
text. It assumes that the reservoir of microimagery is of general
utility and cculd be used routinely; the arguments developed concern
costs zs they are differentiated by publishing philosophy and by con-
straints in the specifics of the microform itself, and these costs are
compared with the hardcopy alternative. The second approach to appli-
cation includes current publishing ventures using ultrafiche but is
extended 1o consider applications that can have greaz value to many
students; zpplications that are consistent with the routine use of micro-
forms because of this valie.

In addition to the applicatioas that a2re developed, this repor
presents some rather detailed experimentation that comments on the
barriers created when a machine-fiche combination is inserted in the
normal channel of educational communication. This exploration of the
man-machine interface considers the utility ¢f the microform presenta-
tion in terms of user performance and user acceptance. Performance
is considered from the viewpoint of maintenance of cognitive skill levels
with the insertion of the interface, and its dependency on characteristice
peculiar to the interface. Acceptance is explored from # hzhavicral
standpoint. An attempt is made to identify the prezentation factors
operative at the interface which create negative attitudes towards the
ase of microforms, and to organize them into a conceptuai framework
which shows both relationships and fundamental consiczrations for
improving acceptance.

A description of two secondary research efforts iz also included:
in one study, the iibrary at the University of Denver is characterized
through the analysis of a sample of the book materials. In this analysis,
the physical characteristics of the library volumes were developed
from the viewpoint of the microform systems designer, and the typo-
graphical characteristics were developed from the viewpoint of the
microfilming specialist. By creating an information base which con-
tains both types of data from a common sample, the statistics reservoir
upon which any micropublishing effort basically depends is appropriately
dimensioned. A second study describes a method of evaluating image
quality in terms of readability and of visibility. This distinction 1is
quite important in order to understand why the high-density, high-
reduction technology is able to create excellent image quality for educa-
tional purposes over the range of typographic variations encountered in




the input reservoir, thus explaining why this report does not deal with
aitrafiche in the context of technically limited applications.

The extensive use of appendices in the format of this report was
dictated by the diversity cf the rescarch accomplished in the program
to date. These appendices are designed to *stand alone" so that only a
short summary of cach will be presented in the body of the report. The
main cbjective sought in the following discussion section is the integra-
tion of the separate studies into a consistent statement on the considera-
tions involved in microform publishing {particulariy uitrafiche) for the
educational applications. The basis for cerlain recommendations lies
in the experience and research reported in the appendices; therefore,
no attempt will be made to justify in great depth the recommendations
presented. Justification resides in the work presented in the appendices
taken in totz1 this approach makes greater demands on the reader but
it is dictated by the strong role that values play iz a complex question
involving individual perception. -
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DISCUSSION

This research has touched upon four arcas that strongly affect
th¢ whole concept of ¢ducational mizcraforms. These areas are:

1. Ultrafiche applications {Appendix G) and the economics of
the library application specifically (Apperdix A).

2. User performance and fatigue characteristics {Appendix F
and E, respectively).

3. Factors affecting user acceptance oi microforms
(Appendix F).

4. A meihod for measuring typographical characteristics and
determining image quality (Appendix C), and the nature of
library materials as the information to be filmed
(Appendix D).

The breadth of the inveésiigaiivn is ohvicus from the enumeration; and
the reader is invited to r=fer to the appendices for a complete develop-
ment of each topic. The descriptive information presented at this time
must bz limited tc an attempt to integrate the material into a useful
whole by supplying the required sontext for consideration of a particular
tepic and then generalizing from the specific studies described.

ULTRAFICHE APPLICATIONS AND
THE ECONOMICS OF THE LIBRARY APPLICATION

As the early expariments of this program were studizd, it
Lecame guite apparent that ultrafiche technology was simpiy an exten-
sion of the microimagery which has been commonly used up to this
time for a limited number of applications characterized by a limited
audience. It is unigue in that it represents a refinement in photo-
reduction and in magnification processes which permits a considerable
extension in use mode, in applications, and in user base for the micro-
form medium, due to its potentially high frame density; this character-
istic permits single works, or multiple related works, totzlling up to
3200 images ox pages, tc be placed on a single film card. Therefore,
the feasibility of publishing book materials in this medium now becomes
practical from a physical point of view, and its application to the area
of education becomes a significant consideration. An ultrafiche, having
both vertical and horizontzl components of image placement for the
organization of information, permits the user of a well-designed card
{o access most rapidly any one of the great number of pages making up
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the one or more compleic titles it contains merely by moving the fiche
slightly. ince it has been recognized that ultraiiche is just one of the
forms of microimagery, the choice of a specific microform for a parti-
cular application. i.as been correspondingly widened from previous con-
cepts of usecfui application. The real gquesiion is, "How can we best
make use of this increased potentiai to benefit the educatioral system
in colleges and universities?

For the most part, existing microiorms encountered in the
institutional zitiing have limited use by naturc of their content and
reflect an administrative solution to acquisition or storage of specialized
materials. From the limited body of users of present microforms on
a university campus, il is now possible to consider extending the user
group to involve the totai stvdent body. In considering ihis possibility,
on¢ can view the infsrmation needs of this total population as those
(1) “siructured” and fairly predictable, and as thosz (2) "unstructured"
and fairly spontaneous. The structured information needs stem from
the classroom situation where an instructosr defines the course material
rather specifically. The unstructured informstion needs deveiop as tre
student follows his individual inclination to learn and pursues this quest
thru extended materials, particularly those held in libraries. This
suggests that informationdemands on an educational institutior can, in
a general sense, be divided into those classroomn related and those
library related.

Severaladvanced propcsals have becn dezigned to create large
ultrafiche collectioris for coliege libraries. They would enlarge the
unstructured information base but. sirnce the contemplated collections
woild essentiaily exciude copyrighted materials, their historical
character greatly minimizes the potential user base. A 'core
collection’ which would have to include copyrighted works, would
involve a much larger propcrtion of ihe student body since there is
greater dernand by more individuals for contemporary materials. This
application wiill be studied in detail a little later.

Another application of microforms that could be used by colleges
has to do with computer search and woild serve individual needs
tnrough greater library capabilities in making information available.
This could be facilitated thru a network in which individual college
libraries were tied to a regional computer search center whichk would
address relevant abstracts on a particular subject, the abstracts
being maintained at all local institutions. The abstracts could then be
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read for relevance and the location of complete works. The computer-
read=r combination can, in the near futurz, make extended information
awvailable to the individual scholar. {This application is not limited to
ultrafiche of course: it is a microform apnplication).

The third area of application pertains io structured needs, and
is the most difficnlt of the three to describe adequately because it is a
departure from the present way that structured information needs are
treated. As mentioned earlier, structured information needs are a con-
sequence of present instructional methods. In terms of total demands,
the structured needs are the most pervasive at any educational institu-
tion. This pervasivencss is conlirmed by the presence of the "book
store” and the acceptance of a textbook as the usual method for support-
ing classroom instruction. The ultrafiche technology presents an alter-
nz2tive for meeting these structured nceds. Before describing this
2ltzrnative, it would be well to reflect on why the textbook is presently 5
used, and focus on its main limitation. Basically, the textbook offers a E
convenient vehicle for inst-ucticn: it is organized in a logical manner,
and each student is brought to x common reference plane. A particular
text(s) is selected by the instructor in response to bis individual judg-
ment and prejudice, and at the uncevgradusie level; particularly, the
viewpoint projected is nox:uziiy the only one encountered. This is not
a sericus drawback because the instructional level is generally basic,
and the student cannot be expected to purchase numerous texts in
support of each class. The library itself offers direct compensatics
for this problem in that other sources are made »+z31.Lic. The point
that shoutld be evident 1s {L.ai ine textbook, its content and form, have
evolved in response to factors that subordinate the information content
to marketing considerations. If the argument is acceptable, it follows
that a modification of the marketing constraints might aiso modify the
interpretations of structural information needs that are classroom
derived.

Sl i

One possibility for new interpretation iies in the concept =f
“information units." A parallel might Lz drawn between the concept
of information units and the relatively recent publishing innovation by
which authors write various sections of 2 bock, with the sections uni-
A fied by an editor or editorial board. The concept of information units
is an extensiorn of this approach. The chief difference is that the scope
or range of the materizls presented would not be restricted to a certain
length as decreed by 'narketing judgments. In the short run, these

information units might simply be ihe selection of books howing 3




common theme, organized by difficulty or competing viewpoint, but
unified by presence on a single fiim card. As this application becomes
mature, the information units would become a bridge between report
material and text mat=rial with cach unit drawing on whatever source
and to whatever extent is dictated by the editorial ebjective. The most
important aspect of this concept is that the structured information base
would no lesiger be so limiled as in the past and would be far more
responsive to the pursuit of knowledge in a given course of study. This
ccncept directly affects information science and has social implications

as well,

Two barriers exist to the development of full-scale microform
use in the college classroom and iibrary: (1) copyright law, and
(2) necessary individual readers (machines). These barriers are
artificial; readers (at prices amenable to individual ownership) do rst
exist because they have not been g2nerally needed; with an expanded
requirement the necessary machine technology will respond. As to
copyrighted materials, publishers will publish in microform if it is
profitable to do so. The riost important roadblock to exter:ded use of
microforms and the deveiopment of *information units* in support of
classrocm activities, is that no one can yet say if there will be a2 mar-
ket. It might well be that the “extension service” or *correspondence
school® operations of universitites or institutes will or.ginate or
demonstrate a market, as such materials for these courses are often
copyrighted by the institutions themselves. This outline of possible
ultrafiche applications can be closed on a note of caution: the true
application responds to the information needs of the student. It must
do more than meet administrative criieria if the student is toc utilize
microform other than on an exceptional basis.

One of the scrongest reasons for undertaking the study of ultra-
fiche, besides the apvarent “fit"” between the length of book materials
and the number of frames on an ultrafiche, was the very attractive
cost picture. It was estimated at the beginning of the prograrn that
copies of a high density fiche, containing betweern 8 and 12 comn.plete
titles, could be obtained for about onie dollar assuming a large distribution
of fiche copies would be required. It was clear, however, that this
estimate had little to do withtctal costs associated with a fiche (assumin~
that it is part of a mature publishing concept). In order to establish
a frame of reference for the consideration of ultrafiche as a publishing
form for educational material, the most easily conceived application,
that of expanding institutional collections. was explored in detail. As




sceen above, this is not the only applicalion of interest, but it is a::
area uf cemmercial activity presently and it ran be argueg that the

o

T iibrary application will be the most significant at Icast in the shorl
- run.

i -

!

.

t




[ PP TRl 'Y S T SN -

o TR

GENERAL ECONOAIC CONSIDERATION!

In order to make the economic development meaningful, two
problems had to be resolved initiaily: firsi, that the natere of the
material committed to microform controls the exient of the library
market (i. €., the number of volumes, the subject area, and the con-
tempoT zneous nature of the material); and secon:, that the difference
in physical characteristics o1 uiiiatizhe at 40x versus those at 150x
(the range deiined as “ultrafiche* for purposes of this study) d«ucrees
that the systems for fiche creation and utilization have differing econo-
mic bases 2s well as form.

The first problem dealing with the nature of the material was
constrained by associating it with the maturity of an institution's library
collection. This process yields significant insighls: many small
colleges have modest collections (320 institutions with less than
17,060 volumes; 820 with less than 38, 000 volumes),? a condition
which suggests that general works, of broad scope, including current
publications wkich would form a ¥core* collection, is requisite. On the
other hand, a ""core* collection would be s=»rious duplication for mature
librariss; the material necded is specialized, implying subject diversity
and a selection process (institutionaliy) for relevant titles. These
observations led to a choic2 of two fiche publication schemes which
were evaluated; a large collection model in which 20, 000 titles3 on
general works was postulated, and a single-fiche model in which
materials in ultrafiche would be acquired much as present materials
are acquired in current library operations.

The second problem, the significance of reduction ratio in
dimensioning both cost and form for utilization was controlled by
developing an economic reference for each of four reduction ratios-
40x, 80x, 115x, and 159x, in terms of committing 20, 000 titles to fiche.

‘This work was done under subcontract to Technomics, Inc., and the
general resuits are presented in Appendix A.

’From American Library Association Survey, 1966.

*Twenty-thousand titles was arbitrarily chosen. but it recommends
itself because itis the number estabiished as a standard for Junior
colleges (with enrollment under 1, 000) by the ALA.

10




This approach was t=ken in order to contrast costs as a juaction of
reduction ratio, and set the stage for consideration of the value ele-
ments implicit in the utilization of ultraficke publications in 2 campus
iibrary.

Manufacturing Cesis

The overall fiche size considered in this study is £ by 6 inches.
One-stage reduction filming is envisioned for 40x, while two-stage
filming is expected for ihe other reduction ratics. Information to b2
filme<d was considercd to be sized up to 9 by 12 inches, and a fiche
design was developed which reserved an arca on the left side for
machine reading, and an area at the top for “eye” legiblze print.

At high reduction, 2conomic use of fiche requires they hold
more thas one title, except in the case of 40x which weuld accommodate
only 231 frames-- consistent with area assumptions. For this stady,
title units have been blocked off on the face of fiche so that there is one
unit per fiche at 40x, two units at 80x, four at 115x, and eight at 150x.
From a sample library study at the University of Denver, the nrmber of
titles requiring one, two, or more titie units have been determined from
the number of pages involved in books making up the sample. ¥From
these calculations, the number of fiche needed for 20, 000 volumes have
been determined for each reduction ratio {although nct the minimum
number obtained by matching short and long books).

Iiems involved in establishing costs for manufacturing a collec-
tion of 2C, 000 titles in ultrafiche include filming and the fiche masters.
Tkese costs must be distributed over the number of sets produced;
further, ahighanda low estimate of these manufacturing costs have
been calcuiated to cover the range cf probable costs. At 40x, these
manufacturing expenses for a single set of the material (involving
approximately 6,520, 800 images) rangzs $508, 6Go to 3834, 000; this
goes down to a cost per set, out of 3000 sets, ranging 47,945 to $8,054.
At 150x, such manufacturing costs for a single set of the material range
from $729,000 to $1, 898,000, and this goes down to a cost per set, out
of 3000 sets, ranging $3,281 to $3,671; in this latter case, the larger
initial production costs at 150x are sharply reduced when 3009 sets
are involved because ¢f the minimal number of fiche per set required
to hold the information. Table A-IV of Appendix A lists estimated
costs per unit for varying numbers of sets produced at the four
reduction ratios; Figure A-3 of this same Appendix graphically shows

11




ke &k R st s el L mk

total costs to the ma2nufacturer for filming and fich= masters for
produring ihe varioes numbers of sets of 20, 900 titles in the four
reduction fatios.

The Single-Ficjwe Modrel]

To provide a basis for considering publishing in fiche form, a :
single title at a time, costs of producing beeks need o te reviewed. ;
One might assume a book wouid have its r<tail price broken into the
foillowing c¢osis and in the following propo:tions:

manafacturing costs 16%
author’s royaity 10%
editorial ccsts and

publisher's profit 24%
deajer's discount 209
marketing costs 10%,
library discount 207

Ultrafiche could reduce manufacturing costs by perhaps 2/3, but that
would only be 2/3 of the 16% involved in manufacturing costs and all
the other items would still have to be taken into accou::it in the cost

of the single titie in microform. But, lhere is a saving in space for
storing the fiche rather than a comparable book in hardcopy, and it can
be envisioned that shipping, handling, and warehousing costs would go
down for the item, although marketing costs may gc up to promote the
item in fiche form:.

Within the library world, it is difficult to compare costs in
broadd terms because different iibraries are directed to diiferent goals,
have different procedures to meet their goals, and face different admin-
istrative costs. However, certain basic costs within all libraries bear
on the appiication of aitrafiche as contrasted with books. ¥irst, there
is the purchase price of the titie which would not differ much from book
tc fiche; selectjon costs should be the same; circulation costs should
not vary much from books to fiche, tasks invelved in processing cnc
form would undoubtedly be offset by different tasks involved in process-
ing the other form; bui; one can look at storagc space for books as
against reader space for servicing fiche, as weii as miscellaneous costs
of book maintenance and retirement, and find some differences in costs
to the library function between fiche and books that are significant
because housing represents perhaps 30% of the total cost involved in
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having a title in the library collection. Appencix A shows slorage and
book maintenance cosling about 20. 8¢ prr book per year. Converting
this base figure into annual costs for a reader and recader space results
in replacing 962 books per rcader (carrel space) in the high reduction
fiche, and in replacing 635 books per carrel atd0xmicroform, but, it has
been postulated that about 1540 titles per reader wouid be an appropriate
mix.* (This figure may be high or low depending upon the proportion of
microforms to books in the entire collection, and the normal potential
number of users of the particuiar Zibrary). The overzail cost per

reader (per 1549 titles) over a 50-year period, should cn this basis
Jower housing costs 207 for Iow reduction fiche as opposed t¢ equivalent
books, and 12% for high reduction fiche. However, this savings covid
not accrue unless the large numbers of tities appropriate i the use of
each reader involved are indeed preseat at the library. Th2 purchase
of only a few fiche can actually add moze in space and reacer costs than
cquivalent books; therefore, single fiche acquisitions are feasible cost-
wise only when a sizeable ultrafiche cellection already exists at a
library. -

ThexCore-Co’ﬂcction Model

The core-collection for this sludy is assumed to be 20, 990 titles
produced as a package, covering all fields of knowledge, supporting a
college program heavily dependent upon the library. The production of
such a collection is a2 major undertaking and the fixed costs to produce
it are great. An estimate must be made of the point where production
=i such a collection becomes feasible economically for both publisher
and consumer, and this is primarily dependent upon the size of the

_.- market and the reduction ratio decidesd upon.

:—I The most significant single problem to be resolved in putting

— a core collection on the market forcoileges and universities has to do
with royzalties. It has been estimated that about 80% of the titles that

[ should be included in i core-collection at first printing in uitrafiche

| would be under copyright. Varying royalty arrangemenis may come
about as the problem is rigorously pursued to actually accomplish
such a project as is considered here; for the purposes of this effort

it is assumed that 80% of such a collection, or 16, 609 titles, wouid

be involved in cepyrights and that these could be used at $1 per title,
thus adding a {lat $16, 000 to any unit price arrived at for any particular
reduction ratio or particular market size fer the collection.

* The difference here between books replaced and the number of fiche
serviced per reader represents space {cost) savings.
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The costs of publishing a core-collection must consider an
array of extensive tasks and the correlation of many functions. Invoived
are editorial tasks, copyrizsht investigations, bibliographic develop-
ment, production and .nanufacturing, and marketing. It kas been
estimated that two vears would be needed {1 initial planning for a
core-collection un#il the first unit is delivered. Both fixed costs and
incremental costs would be involved; the fixed costs would include all
that must be donc to preduce the initial set of fiche masters and develop
the market; the incremertal costs wouid cover the manufactiuring and
distribution costs to deliver the product. The fixed costs wouid be
amortized over the number of sales made; the incremental costs would
relate to the number of packages produced. For example, fixed costs
per unit package for a market of 3000 units at 80x (the most expensive
reduction ratio) is about $1, 850 (estimate) and incremental costs about
$11, 600, totalling around $13,450. At 150x, these items would approxi-
mate %1, 200 in fined costs and $3, 200 in incremental costs, totalling
around $4,409.

In addition to the actual fiche containing the monographs, a
librarv should be provided with a catalog for the collection. The
cataloging of a corc-collection at the source should provide libraries
with the savings associated with this funciion. It is envisioned that
such a bibliography would consist oi both a book catalog and a fiche
catalog. A card cataiog would be provided but would be expensive and
should be separately costed. It appears that the collection catalog
should contain lists of authors, titles, subjects, and shelf list. Three
sets of bcok catalogs should accompany each set of fiche. Production
costs of these book catalogs are both fixed and incremental; the incre-
mental costs can be estimated at $245 per unit in a market of 3000 units.
These bibliographic aids (in book form} would cost the same for all
reduction ratios.

The per unit (20, 0C title package) cost to a library of a core
collection would vary considerably both with reduction ratic employed
in preparing and presenting the material and in the number of buyers.
Table A-XII of Appendix A is a tabulation of cost per unit or set for
the four reduction ratios involved here and markets from one consumex
up to 3000. These figures must be read with the realization that they
do not include royalties or profit to the publisher. The most expensive
cor.dition at the p-esent time (but there is reason to believe that this
wiil change sho.rly) involves the 80x reduction ratio. As an example,
assumning a market of 1000, unit cost at 80x is shown to be estimated
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currently at $17, 236 to which must be added royalties and publisher’s
profits: assuming a marketof 3000, this unit cost is lowered to $13,559.
At a reduction ratio of 150x (skowing the lowest cost tabulated}, assum-
ing a market <¢f 1900 resuiis in a unit cost oi $6, 869 while assuming 2
market of 300) for this reduction ratio results in a unit cost of $4,477,
again without ronsideration of royaltics and profit. It is necessary
ti:at reading machines be provided to service a collection of ultrafiche
tities and that space be provided for these readers to be used. Also,
with this number of titles, it would be necessary to have reader-printers
availabie. In considering the total cost t5 a library for a 50-year
sysiem iife, a fiche collection of 20, 000 tities can be compared with an
equivalent book collection costing an estimatzed $612,000over 2 £0-year

iifz system, as follows:

50-Year Systemn Life for 20,000 Titles

Market:
300 756 2000
Sets Sets Sets
40x $125,717 $120, 659 $118,566
80x (at high est.) 183,027 171,845 167,186
115x 172,006 163,845 160, 445
e 159x 167,927 169,751 157,761

These figures have been computed to include costs of publishing (both
; fixed and incremental costs), royalties (at 31 per title), cataioging
- and furnishing book cataicgs, marketing, acquisition of readers, and
provision of reader space. However, one must realize that these

: figures do assume that our hvpothetical publisher is operating on a
P ronprofit basis, a condition ne* likely to occur.

o in concluding this review, which in no way does justice to the
development presented in Appendix A, several secondary issues need
some additional comments. The dual problems of duplication of
holdings in a “core" collection concept and the identification of the
actual market size (number of sets) are amenable to simple marketing
: strategy. Certainly portions of the collection could be d:veloped to

; appeal to markets outside that of the small college. The point of
emphasis is that there is room to maneuver if dollars per title, in
comparison with that of hardcopy, is the sole criterion. Of course, it
js not. Value elements such as royalties, permissions, profit and
risk, together with systems demands for effective utilization all play
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a roie, Lut do nor dxieat the overall cost conclusion: ultrafiche, in
any reducticn ratio, assuming 2 “cura™ coilection concepl, is economi-
cally attractive.
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USER PERFORMANCE AND FATIGTE
CHARACTERISTICS

These two studies were undertaken in order to scope or
Gimension how well a student could perform the essential user function
implied in the educational application of ultrafiche: that of reading with
comprehension. This was not the only zunction (of concern), but it
provided an excellent starting place. I these studies, and all others
discussed later, two decisions weze enforced. The student must have had
at least two hours of reader coutact Lefore his performance or response
was considered waluable {an experimental design protlem), and each
experiment was balanced for equai participation by bcys and girls. No
faculty, staff, or graduate students participated, and each subject was
paid for his efforts. All experimentation was conducted in the samea
laboratory with the various performance mecasurements recorded
remotely. In the two studies reported below, little subjective work
was done because these experiments were needed in order to frame

useiul questions.

Reading Skill-Levels on Hardcopy and oa Microform Presentations

In considering the question *To what extent are thz reading
skills of students preserved when sutilizing microform presentations?*”
an experiment was designed to study student performance when reading
high quality materials)! Of concern was the problem of information loss
with high reduction ratios which might seriousiy impair the students’
ability to read from screen presentations with the same understanding
and speed that is achieved with original hardcopy presentations. The
three variables in the siudy were: reduction ratio, marerial difficulty,
and the individual students. It was expected that at sore point in the
reductior range. performance would degenerate on the difiicult mate-
rials, on both difficult and easy materials, or that there would be no
effect and reading skills would be maintained throughout.

TThis experimentation is reported in detail in Appeadix B. The results
and methodology will be reported at the Nationzl Meeting of
The American Scciety for Informations Science October 1-4, 1969

(San Francisco, California),
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Twenty single-page mcnographs were used in a pilot study to
differentiate two discrete ends of 2 difficulty continuum, to determine
if and how reading rates and comprehension correlated, znd to obtain
profiles on the atticles for central tendency, variability, and correla-
tion coefficients for reading rate and compreiensicn level. Eight
students (Freshmen and Sophomores from the Coilege of Arts and
Sciences at the University of Denver) read aii 20 ariicies in zandem
order; 20 measures of reading rate and 20 of comprehension level
were obtained for each of these students. This pilot study indicated
that the articles used could be behaviorally differentiated and that some
articles from the opposite ends of the performance distribution were
significantly correlated.

From the encouraging results of this pilot study, a full-scale
experiment was designed to answer the basic question of maintzining
reading skill when moving from hardcopy to screen presentation.
Monographic materials (100 articles) were screened and 45 prepared
for further student evaluation; of these, 25 were eventually reformated
into highly readabije, single page presentations {11-point Press Roman
Type, 34-pica line width, 2 points of leading) for microfilming;
identical copies were prepared on low reflectance stock for final hard-
copy evaluations.

In determiring the finai 18 articles to be used, seven students
were tested on the hardcopy for all 25 monographs that had been
formatted for microfilming. The average scores for the 18 most
highly cifferentiated articles were 280 words per minute with 84%
comprehension for easy materials, and 240 words per minute with 66%
comprehension for difficult materials.

A separate group of 12 students participated in the experiment
using the readers. Nine difficult and nine easy articles were read by
each student on readers at 38x, 115x, and 150x magnifications, from
fiche prepared at these same reduction ratios. Average scores for the
12 students reading from fiche, for all readers, was 280 words per
minute with 84% comprehension for easy materials (the same as hard-
copy) and 253 words per minute with 66% comprehension on difficuit
materials. There was significant difference between difficult and
easy materials, and between skiil-levels of individual studeants, but
no significant difference associated with the three readexs used at the
three magnifications, so that it was concluded, for the materials and
readers tested, there were no critical points in the reduction function
affecting reading skill-levels of the students.

18




The scores of students reading hardcopy and of those reading
fiche were very close; therefore, the experiments were further ans-
lyzed. Less than 109 of total variance in comprehension determinations
resulted from differences between s°-_i2nts, and 30% of total variance
resulted from difficulty of articles. Jowever. with reading rate, 509,
of the total variance resulted from differences in students, which com-
ments on the range of reading rates these students brought to the
experiment. This suggests that comprehenzion is a more stable indi-
cator of group characteristics than is readi=g cate.

v "

R s oy,

There are many things to consider in making comparisons
between the performances of students using hardcopy and microform:
readability, material difficuity, motivation, comprehension, intelli-
gence, timeliness, and others, plus the various combinations of
interrelationships between these factors. Inasmuch as this study
evidenced stable performance in each of its manifestations, it is
postulzted that the participants addressed the experience in a stable
motivaticnal staie: both the liteature and other experiments show that
comprehension questions are responsible for this stability. Greater

[ differences in reading rates between the individual students resulted
with easy than with difficult materials, which was the first suggestion
( that task difficulty goes far in controlling the level of awareness of an
{ individual fo environmental distractions.

This experiment was performed only to answer the question,
1Can a student’s skill-levels be maintained on microform presenta-
tions?" and the answer has been affirmative at 211 reduct.on ratios.
This experiment did not treat the problem of maximizing the man-
machine interface, and the participants apparently had the appropriate
motivationzal set o perform a substantive task. With a different
motivation and with less favorable environmental situations conducive
to performance, the question of maintaining the reading skill of
college students using microforms might not be answered as positively.
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Fatigue Associated With Ultrafiche Use

An experiment was designed to determine student perfiormance
when involved in a continuous ultrafiche reading experience, and to
discover the signs of fatigue associated with use of tt.e medium.
Material for this study was the first 50 pages of Mark Twain's
Huck Finn, selected because it was considered generally interesting,
and the reading itseif is not difficult yet reflects a range in contant from

1 19

T




narrative, to description, to dialect; it was believed {5 .epresent a
' substantial class of reading demanded of college students.

The concept of fatigue as it relates to reading is developed in
Appendix E. Subjective fatigue relates to an individual's feeling that
he is tired and unable to perform, whereas objective fatigue relates
to a performance decrement following repetition of stimuius or response.
Reading is a complex process involving cognitive activity as much as
physical constraint; it is 2 thoughtful process embracing all higher
mental processes: evaluating, judging. imagining, reasoning, and
problem-solving, and fatigue in reading is as much mental as physical.
Concerning physical aspects, to the extent that activity is determined
within the individual, it can continue for great lengths of time, but,
where the way arts are to be performed is determined outside the
individual and ---posed upcn him, there is likely to be conflict between
the demand (for which an individual would have had his own natural
response) and the manneyr of periorimance externally imposed on nim;
there would most oiten be a discrepancy between these two. Subjecting
ar individual to externally imposed requirements is demanding of him
a more difficult order of organization within the neuromuscular
system than when he is free to manifest randomness in his responses
determined within himself.

——aer 4
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Readirg, in all situations, externally imposes certain restric-
tions upon people in tieir information gathering; further restrictions
are imposed when a machine for reading is inserted inte the cornmuni-
cations channel of person and informaticn symbology- Using micro-

| forms, subjects must manuever the images from page to page, they
must often adjust the machine focus and *fiddle" with it for a best
possible image, and they must maintain an almost stationary physical
position “connected"” to an emplaced reader, all of which are bases
for disorganization of mental processes and eventuai fatigue.

Fatigue can - = shown by a performance decrement, a behavorial
change, or both. A loss of efficiency can be conceaied by change in
methods of completing a task, and even ina progressive increase in
output resulting frem the compensatory response of a subject to his
fatigued condition. The motivation that is brought to a task will control
the compensation effects brought ints play as a subject b=comes
i fatigued --such compensation effects can be modified externally by
! adjusting goals and rewards.




The experiment here reported involved 12 students with pre-
vious rcader experience matched in p2irs in terms of previous average
reading rates. Group I (6 stude..ts) were tcld they would be questicned
on the readirg; Group II (6 students) were not informed there woauld be
questions. Three students from cach group performed the reading on
a highly readable presentation at unity blow-back ratio, wkiie the other
three students from each group used a presentation degraded three
steps in readability (sec Appendix C) and with a positive blow-back of
1.25 to 1.00. The students éid not move about or have any me2ns for
image quality comparison during the test, except their recollection of
past experience in cther studies. All students completed the reading,
there being no totai breakdewn in task performance during the reading
of the 50 pzges by any student {nobody guit).

Overall, there was a basic increase {average oi 35%,) in reading
rate in this study as compared to the monographs. This was expected
from the relatively easy fictional con 2nt of the material.

During the analysis of resuits of this work the descriptive terms
uStudy Group” {Group I, anticipating questions) and "Pleasure Group”
(Group II, not expecting {0 be guestioned on the material) emerged.
The Study Group read more slowly for greater comprehensian and
retenticn than the Pleasure Group, showing a different motivational
set in meeting the task. Reading rates from page to page showed a
much wider range with the Pleasure Group as students slowed down or
speeded up in 2ccordance with their interest in the story or particular
passages they wislied to read or to skim. The Study Group showed a
generally siower but much mcre even reading rate from page to page
throughout the session althouga this group also responded to the story
content. Both groups tended to increase in reading rate as the experi-
ment progressed, particularly as it drew toward a close. Familiarity
with the characters and the style wouid somewhat ease the reading
burden as time progressed, but, more particularly, the students’
fatizue, essentially physical and objective, caused many to change
from reading to skimming {evidenced by students® exceptional and
widely fluctuating reading rates on different pages during the last
half) so as to complete the assignment. This process was evidenced
by both Study Group and Pleasure Group, although to the greater extent
bv the latter.

Those students using the presentation of 2 degraded image showed
a depressed reading rate initially, but apparently adapted quickly so
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that the use of both good presentation and degraded-image preseniation
were =ssentialiy equivaient after the first five pages.

In questioning the students as io their subiective feelings of
fatigue. 7 of 12 said they were tired and »nother szid his eyes were
tired but he wasn't tired physically. 72 hose 4 who did not “feel tired"
thought it was because the story was interesting and held their atten-
tion. In response to a question as tc why theyv didn't quit, @ of 12 =aid
they didn't feel iike giving up and 3 said they would have but feared
they wouldn’t get paid.

Both subjective and objective aspects oi fatigue were present in
this experiment, as they appropriately should be; the question is
whether or not there was indication of greater fatigue using a reader
presentation than would be expectad using hardcopy. In terms of
obiective fatigue, two levels of performance are evailuated which shew
no behavior that is inconsistent with what could be expected with nard-
copy; further, nothing in the results suggests that different performance
might bz obtained; there was no total breakdown of task performance
on the part of any student, and the comprehensicn of the story (tested
most theroughly on the last part of the reading) showed that all students
were, at the finish of the task, still maintaining their coi.prehension
levels associated with this class of material. Subjective fatigue,
however, is an entirely differeat situation; the presence of the machine
does create new constrainis in that the student is subjecting himself to
externally imposed requirements demanding 2 more difficult order of
crganization withinr ‘he neuromuscular system, and the imposed
requirements are reilected in the students' comments about quitting.
One mighkt not expect that 3 of 12 students would have wanted to quit if
they had been using hardcony and been free of the machine interface.

Focus on the total environment of reader presentation would
bear on subjective fatigue; 2 human factors analysis which integrates
the total task: reader machine, user, environment, would lead to
minimizing the imposed requirements. It is clear that performance
can be obtained if motivation is present; the design challenge can be
seen as performance sustained through satisfacticn of personai informa-
tion needs, or "unstructured motivation. '




FACTORS AFFECTING USER ACCEPTAXCE
OF MICRGCFCRM!

The results of the performance and fatigue studies were satis-
fying in that, for reading at least, the student could perform at appro-
priate levels for useful lengths of time on avaiiable recader cquipment.
At this point, we were experimentaily disinterested in distinguishing
between high and low magnificatic 1 readers; rather the cifferences in
overail presentation quality, or operational characteristics were
obviously more important. In terms of potentizi applications, these
experiments indicated that student motivation must be high in order tr
sustain use and, in practice, the students’ information needs must
supply that motivation. This is too much te expect if rouriz 2 use is
implied in an application. This awareness prompted a detaiied inves-
tigation into the factors ihat control acceptance of microform, the
mechanism for creation of negative attitudes, and behavioral response
to other types of tasks that may be encountered in cducational micro-
form use.

Acceptance of Educational Microforms

Effective use of microform systems in education depends on the
satisfactory insertion of a man-machine interface into the communica-
tions channels that are presently well developed in the educational
environment, so that the student can, and will, use machine presenta-
tions routineiy. But to expect routine use at this juncture is fclly; the
ox:ly experience base within the college reiating to raicroforms has to
do with exceptional materials: out-of-print works, back issues of
periodicais, etc., all appealing to the limited audignce in need of such
items. It has been stated that use of microforms in research libraries
is generally unsatisfactory 2nd such experience has only negative
significance in that it merely identifies areas cf irustration and failure.
Commercial uses have little relevance because their demands are
1data --search® oriented (rather than “concept-- study” oriented) and
the motivation for use stems from employment where use is part of the
job. Ir education, motivation for use stems from a student’s percep-
tion of his educational goals. The attitudes formed by users relative
to microform presentations are pivotal to their routine acceptance by
the average undergraduate in a university.

It was recognized early in this program that user dizsatisfaction
with microforms was always expressed in terms of discrepancies. An
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individual recognizes something is wrong in 2 process when he kpows
there is a relevant alternative process, and ke knows something adout
the characteristics of that process. The student user sees any micre-
form presentation as a hardcopy substituiz (the relevant alternative)
but ke has never had to identify characteristics of rardcepy. Negative
attitudes develop thru comparing specific characteristics of kardcopy
(which are newly discovered) with the new process of {ilm and screen;
the discrepancies surrounding the presentaiions force the discovery so
that 2 model develops in the user’s mind of what the presentation shoald
be, a model that matures as both contact is increased and difficulties
are eacountered.

Sinrce the user finally sees microform presecntaiions in terms of
his kardcopy meodel, discrepancies encountered might relate to equiv-
alence (where the mediums should be alike), ace.mmodation (where
physical differences affect the relative ease of task accomplishment), or
adaptation {where there is a system orx envircnmental dependency). To
identify critical user acceptance factors, experimerts were undertaken
relative to discrepancies in aill three of these classifications (see

Appendix F).

Three studies were performed to discover performance
dependency thru contrast in presentations. The reading materials were
monographs as in the initial Performance Study (Appendix B) and in
cach of the three studies eight different students participated. In each
study the students were exposed to two readers, two classes of mate-
rial difficulty, and a total of 16 article presentations. The two readers
gave presentations with differing characteristics involving the screen,
the fiche, focusing, and brightness levels (but not readability).

In one experiment, the ariicies were prescnted first as two
easy and two difficult for each trial (4 trials), each new trial on the
alternate reader. The next study presented one easy and one difficult
articie for each trial (8 trials), each new trial switching to the alter-
nate reader. Last, all eight articles of the same difficulty level were
presented in sequence, follewed by all eight articles of the other dif-
ficulty level, with two articles per trial (8 trials), each new trial on
the alternate reader. All studies were stabiiized with comprehension
questions.

TR
witiorin

: The two readers use4 in the equivalence (or contrast) experi-
ments had diffcring discrepancies in terms of hardcopy equivalence.
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The hypothesis was that no difference in performance would result
from their alternate use and, overall in the first experimant this
hypothesis could nui be rejected. Hewever, an analysis bz class of
material difficalty showed a cyclic patiern of performance between the
two different presentations for the "ecasy™ material. Under the experi-
mental conditions of this study, there was a performance difference
between the contrasting presentatiors {iiat was dependent on dernands
made on the user by the material difficulty.

It was then reasoned that ihc differences i presentation would
become more apparent with more frequent encounter. The second
study doubled the rumber of presentation cycies fron: four to eight.
As expected, this forced the comparison; analysis of resulis <howed a
significant presentation effect in terms of performance for both levels
of material difficulty. It was concluded that in the absence of highly
contrasting presentations. repetitively s2en. sensitivity to presertation
differences is controlled by the demands that the materials make vpon
the subject. In the last study of this experiment, all material of 2
single difficulty class was sequentially seen, with four contrasting
presentations, 2nd then aii maierial of the remaining difficulty class.
Now, the effect of contrasting presentations on reading ability disap-
peared although the difference in reading rates across material ievels
was preserved. It appears that students, under these circumstances,
perceived all of the materi=l as difficuit.

1t js ciear that initially the individuzl is not aware of discrep-
ancies ir presentation; opportunity for contrast expedites the develop-
= ment of his own unique model for a suitable presentation. Further,
the perceived difficulty of the rcading task controls awareress of ocut-
side stimuli. A subjective critique of presentations made by the
subjects in these contrast experiments led to the concept of discrep-
= ancies being either reinforcing (those calling attention to themselves
as each frame of information is presented) or non-reinforcing {those
which may cause an initial reaction but which diminish in importance
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To study accommodation aspects of microform use, the student’s
ability to “search” a complete 500-page title was considered in an
1= experiment where the materials included tables, charts, graphs,
indices, and various iists. In conjunction with the actual search, the
participating students were able to establish their views of appropriate
reader position, screen angle, screen brightness and ambient illumina-
tion. Several periods during the experiments were utilized for
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subjective cemment about the tasks and about the rezders by the
students. There were 43 scarch tasks in the study, in addition to 20
more tasks which were used a5 2 "warm up” or conditioning., These
tasks were each identified in three ways: with the concepts of

(1) abstracting information from text, figure or table, or suppicrmentary
data in the material; (2) location, whether directly indicated by index
aids, or whether the searcher was only generaily directed to the data
soarce; ard (3) indexing which required use of an information scurce
2id to loczte the data, or conversely, where the student could go
directly to the material without using some index guide. The responses
to the tasks were timad for varying patterns of performance of sezrch
tasks involved in the “studying™ of educationai materials. The search
was difficult; both project staff and students found it tedious. The
students divided into two main groups: (1) quick and accurate, (2) slow
with poor results, and into a tramsition group compesed of (3) those
fast but with poor accuracy and (4) those slow but accurate. With all
students, speed was improved between the warm-up portion of the
experiment (20 tasks) and the 2ctual study (43 tasks).

It was ccncluded that a range of specific tasks germane to a
student's use of microform could be performed or: a high-magnification,
high-density, reader-fiche combination. The scarch tasks of the
experiment were “real work" as compared with readings. The prin-
cipai recommendation resuiting from this study was that there be
vertical placement of frames on a fiche sc that the dizziness and
discomfort associated with motion and overshcoting a page is reduced
and the critical, precisc frame positioning of every page is eliminated
(only columns would thereby need to be framed since vertical advance-
ment of fiche would keep full lires of information always in view}.

Environmentally, a subject orients the reader so that his eyes
are vcrtically in the screen’s center, with screen parallel to his face
when in a writing position. There is strong requirement for reader
mobility forward tc and backward frora a subject during prolonged use
to permit body position change--there is a moderate range in the
distance tolerated between screen and eyes which is not sufficient for
necess2ry body shifting during use; the reader should accommodate this
by its mobility. Generally, those students who sat down and attacked
the job wanted high screen brightness, whereas those who reluctantly
tolerated the task wanted much lower screen brightness; variaktile
illumination is, therefore, important in reader design to accornmodate
the varying motivational sef of different students and each student at
different times.
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2 frustrating task such as this se2:ich quickly forces the

student to compare differences betrween books and screen presentations

in terms 0 the total tack, Search was considered by all £t bc 2 much
more difficu’t process thar reading and gave rise fo the first positive
comments about microform, i e., your hands are free when working

from a screen.

The same students invoived in the search study were used in an
adaptation study invelving preferences of rcader-ficke combinations
(after assurances that the performance they wouié give would not
involve further search-type tasks).. Now the students were asked to
read fcur short stories, one on cach of four different readers, and
then were asked to select one of the readers on which to read two more
stories. It was hoped that preferences would have identifiable patterns
and the basis of prefereéntes couid bE determined; that the range of
presentation difference might provoke 2 common response. {ompre-
hension questions were used in combination with all readings as a
stabilizing or motivational influence.

~he results of this study indicated no one presentation was
generaiiy selected by the 11 participating students as being the most
desirable, but the reader demanding careful irame positioning was
totaily rejected. Each of the three readers selected by the eleven
students were szlected for the same attributes, i.e., cach student
thought his selection was the reader that maintained best focus, was
easiest to use in framing images, had the best fiche maneuverability,
and, once his selection was made, then his overall performance index

- ‘ncreased measurably.

Comprehension questions designed to study if thought continuity
T was interrupted during the process of frame advance disproved this
concept. On the question of polarity, the negative image was definitely
preferred on the reader which had the more noticeable *hot spot”;

| where this illumination gradient over the screen area was less severe
-- con an alternate reader, the students were divided in tkeir opinions as to
whether positive or negative was preferable.

- These experiments relating to the acceptance of microforms in
higher educaticn represent only a beginning exploration of 2 complex
problem. Acceptance is,) first of all, controlled by the value of the
information to the user. The concept of discrepancies forcing a
comparison of the screen medium with its alternative hardcopy is
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viable for any particular user task. Meaningful use minimizes the
user's awarcaess of presentation details but trivial or frustrating use
maximizes awareness of discrepancies in preseéntation.
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IMAGE QUALITY: ESTIMATION AND PREDICTION

Image quality in microform presentations has always caused
concern to pecpie involved with their produciion; some ini{oImaiicn
contained in hardcopy is lost in the transfer o microform. This loss
is occasioned both in the photographic reduction and in the reader
magnification processes, so that in general, the information loss
increases with reduction ratio. However, there is not a direct relation-
ship between the conventional meaning of legibility and loss of informa-
tion: a considerable loss can be tolerated before an effect is observed

in reading skills.

To promote both the descriptive and comparative requirements
of this program 2 mcthed of determining image guelily was nccded. A
technique by Harold J. Fromm, being explored by Kodak and suggested
by their representaiive, was chosen to fill this requi-ement. The
technique invoives a random grain pattern step tablet, operating on the
principle of variable signai-to-noise ratio. Text is read thru the step
patterns and a determination made by the viewer of the step beyond
which the text cannot be read. Appendix C shows examples of the

pattern used in evaluating materials during this program.

For our purposes, readability and visibility determinations
were separately made on test materials. Readability was defined as
the highest step in the pattern thru which text could be read without
hesitation. Visibility was defined as the highest step thiu which indi-
vidual characters, as opposed to complete words ox groups of words,
could be recognized with assurance. Since thistechnigue is essentially
subjective, several evaluators were required to establish a consensus.

The grain pattern was used as a quality indicator for each of
the studies in which students were interacting with tle reading machines,
both as to the hardcopy original materials and the reader images.
Several observations were made during these analyses: it was possible
to improve readability thru microform presentation, a result associ-
ated with high screen brightness; positive blow-back improved read-
ability at low reader magnification, but degradec readability at high
magnification as a result of contrast failure; material with exceptional
legibility in hardcopy form has a consistent readability at all reduction

ratios tested.
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The grain pattern was used by a single evaludtor o qualify the
library sample materials as to visibility. From these data 2n approxi-
mate linear regression equation was developed skowing a visibility
index reisicd o wontrast, type size. sitroxe width, and stroke spacing:

Visibility index = - 9. 39 + 7.45¢ + 0.46t + 0.27b - 0.13s
where:

c = Jdifference in ieflection density between print and
background

type size, in points

b ct=oke width of small e bar (6.901 inch)

I

s = stroke spacing within "e" (0.001 inch)

Othexr factors which play a part in image quality were ignored at this
point in developing the simple equation above.

Otker test materials were selected and filmed representing
tvpographic variation {o be evaluated by the random grain pattern tech-
nique. These materials were ranked for both visibility and readability.
Results indicate that the grain pattern can be used to predict image
readability with some few qualifications. Information loss, increas-
ing with reduction ratio, 1s evidenced by decreased visibility: this
decrease depends on a balance of typographical factors that affect
image visibility differentially. Visibility, therefore, may not be the
appropriate criterica for judging image quality or predicting quality
based on hardcopy evaluations. In making hardcopy duplicates from
microforms, it is important that high visibility be preserved; however,
it would be expected that most high density microforms in education
would be concerned with image readability as found on a reader screen,
and this readability quality is well preserved in present techrology.
While high visibility is indicative of high readability, the converse is
not necessarily true; readability in the educational application may be
considered the better measure of image quality.

The visibility and readability determinations made with the
random grain pattern appear to be broadly useful as a measure or
index of image charactieristics, but the need for serious research is
only emphasized by this modest experimentation.
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It might be cbscrved that microform applications in the past
Lave been concerned, to a great extent, with materials which by their
nature. content, and purpose, arc dependent upon individual character
recognition, or, in accordance with our thesis, a high visibility index;
when this has not been successtuily accompiisiied during the information
transfer to microform, the medium has been viewed with important
reservations. However, the essential purpose of educational micro-
form is coensistent with high readability of screen presentation. If the
ability to reproduce high quality hardcopy were a prime reguirement,
fhen visibility would be the key index: but hardcopy recreations from
the ultraficke are only incidental to the application.
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CHARACTERIZATION OF A COLLEGE LIBRARY

The physical ature of existing library materials is pertinent to
any effort contemplating microform publishing of educaticnal materials;
books as they currentiy exist in libraries represent the reservoir for
any such immediate endeavor to utilize, substantialiy, the iiim medium
for education. A study was undertaken in this program (see Appendix D)
to dimension the library for systems design or microform manufactur-
ing. A significant store of data was tabulated in the sample of mate-
riale taken from the University of Denver Libraries. Every 487th
card in the shelf list was noted and the correspoading volumes were
used in developing the library characterization statistics. Some of
these daza, such as distribution of book iengths and page sizes, basic
differences in old versus new materials, and typographical informa-
tion relating to image quality, were needed for this study. The statis-
tics developed could relate to various decisions regarding fiche
organization, reader development, reduction ratios, etc., depending
on the purpose to be served in a microform publishing project.

During this study 396 titles were characterized in this manner;
the data was placed on punch cards, and 2 computer print-out run off.
The results of this work have been only partially studied from the
viewpoint of system design and typography considerations. In terms
of utility, a comparison of publication dates and book lengths was made
between the Fondren Library of Rice University {from a sample
previously taken there) and the University of Denver Libraries; the
general distribution patterns were very similar.

A frequency tabulation relating neight and width of information
areas in the sample velumes indicates that a reader screen of 6 by
9 inches would accommodate cne-to-one presentation of about 93% of
the titles sampled. This observation reflects on reader design in
terms of size, illumination, heat, and optics. Certainly this is the
most significant single result obtained since it suggests that a small
reader is consistent with the information base.

The random grain pattern technique (see Appendix C) was used
on all books in the library sample to determine its operation as a
typographical evaluator. Four typographical characteristics, contrast,
type size, width of stroke, and space within letters, were used for
development of an approximate regression equation for determining
visibility. These characteristics are not inclusive of all factors




operating, but it is clear that the grain patiern does integrate certain
essential factors into a single evaluation. For purposes of prediciing
image quality, subsequent experimexts suggzest that readability would
have been a more useful index to develop. The visibility determinations
do, however, clarify the introduction of typographical factors. Many
diiferent combinations of data for the factors measured can be developed
te serve specific purposes o7 answer specilic questions. This was the
objective in creating a data base that makes available both system
information and typographical information from a single sample.




SUMMARY AND FUTURE WORK

The total experience gained in performing these studies has
been drawn upon in order to make specific recommaendations and
observations concerning improvement of reader-use interface.

Tirst, it must be accepted that an application which demands
routine and extended use of a reader presertation for communication
of subtle and abstract information, for reading, and for survey work,
should be supported by a reader designed for the application.

Basic to these recommendations is the concept of publishing
by colums instead of rcw. I Besides facilitating the location of irfor-
mation within the fiche and reducing the annoyance of reframing each
frame {only the column need be framed and the use of detents would
accomplish this), precise side to side positioning makes the use of 2
smali screen mechanically practicai. The smail screen demands an
excellent fiche positioning scheme in order that the advantages that
accrue from small size (in terms of iamp power, heat, optical path,
etc.,) are not ofiset by the reinforcing anroyance of poor frame con-
trol. The d-sire for a small screen does not depend only on the 6 by
9 jn:h information area found in the library book analysis: we can
argae succassfully that 9 and 10 point type can be projected undersize
(up > 20% reduction) with increased readability. Tne small screen
is basic to a small reader and this is the most direct attack on a
major class of discrepancies. Arnother reason for designing around a
smzll screen is that the students prefer the screen essentially filled
wifn information with nc large bright border areas. Material that was
framed by an opaque border extending to the edge of the screen was
particularly satisfying. Each of these preferences is consistent with
a small screen.

Uniformity of focus over the image and maintenance of frame
to frame focus should be given highest design priority: the uniformity
of screen illumination is particularly important for positive images
and variable lamp intersity is certainly attractive. The value oi
laminations on the fickz cannot be overemphasized. A family of user

IThis idea was first suggested to DRI by Dr. Klaus Otten of the
National Cash Register Company.
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problems are overcome: these include fiche maintainance, durability
and clear screen images.

The propoased continuation of research under Contract
OEC-0-8-080325-4648 is designed o translate the focus of the educa-
tional microform investigation from the man-machine interface to the
plane of operaticnal reality as reflected by direct support of educational
activity. The major point of emphasis in this translation is the
environment for effective microform utilization.

The environment for effective microform autilization is an
inclusive concept that considers utilization in terms of a s=ries of
system levels. At each levz2l, the environment represents the summa-
tion of physical and pragmatic constraints which modify the effectiveness
of the system itself.

The University of Derver propeses a program in which the
ensiropment will be investigated and appropriately modified for each
of the foliowing system levels: the siudent-reader interaction {empha-
sis on carrel design), the information-student interaction (emphasis
on the Iibrary adaptation), an. the classroom-information-student
interaction (emphasis on group adaptation and a broad range of mate-
rials). The program will be developed around student users’ respons?
to information needs within realistic educational situations. The
student contact points will be the classroom, the library, and the
testing laboratory. A centrai concern throughout the program: will be
the involvement of both equipment manufacturers znd publishing kouses
in support cof this effort.
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HIGH-DENSITY MICROFICHE AND THE ACADEMIC LIBRARY:

AN ECONOMIC ANALYSIS

PUGRPOSE, SCOPE, AND METHOD

This Appendix provides an assessment of the petentiai impact of
high-density microfiche upon the economics of the academic library.
The Appendix is a summary of a detailed report to be published sepa-
rately by TECHNOMICS, Inc. The economic analysis was conducted
under a subcontract to the Denver Research Institute as part of the
study, funded by the G.S. Office of Education, entitied “4An Investi-
gation of the Characteristics of Ultrafiche and Its Application to Col-
leges and Universities. "

Three Models

Three models were developed for the economic analysis. The
first was formulated : *he request of the Bureav of Research, U.S.
Office of Education. i. explores the development costs and potential
economic effect of a core collection of 20, 000 titles in fiche, intro-
duced into the academic library as a package.

The second hypothetical model considers the production and
handling of single titles in fiche, as distinct from large collections.
The development of this model was motivated by three assumptions:
First, that an alternative to the core-collection model would provide
useful perspectives. Second, that if a core collection in fiche were in
fact established in a library, keeping it up to date would require a
method for making incremental changes. And, third, that the single
title is the basic working unit of libraries and the publishing industry,
and therefore offers a familiar base for a discussion of an unfamiliar
technology.

The third model preceded the others in time. It is a model of
existing costs and functions in libraries, in the publishing industry,
and in the world of library :1sers. This model was developed from the
literature and from interviews and telephone conversations with anyv
number of patient and helpful persons who are experienced in the three
subsystem areas just named. With the help of these sources, an
effctt was also made to consider the potential role of the library cn
tomorrow's campus. The purposes of the initial model were two: first,
tc afford a comparison for discussing the costs and benefits of the two
later models; and, seco1d, to insure that functions of the librazy
system were not omitte« efither in planning the theoretical models or
in assessing their whole-system impact.
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Methodology

Some three hundred system functions were idertified in devel-
oping ithe initial model. The two theoretical models were formulated
by prcceeding twice through the list of system functions, pausing at
each item the first time through to ask: What wouid be the effect at
this point of introducing a package of 29, 000 books ir. fiche? --and
pausing the second time to ask: What would be the 2ffect hers of intro-
ducing a fiche instead of a book in paper? At some points (with the
single -title model. in particular) no differences were inferred; at
others (especially with the core-collaction modzl) wholly different
system schema were indicated. Where differeznces appeared, costs
of the present-system model were obtained from the literature or
from interviews; comparative costs for the theoretical models were
developed as will be described in the sections to follow. Some of the
theoretical costs stem from the findings of the Denver Research
Institute; others are extrapolations of existing costs for a given
service or process, and still others are wholly conjectural.

It has further been assurned that both theoretical models are
directed to a library possessing no more than 490, 000 tities in its
present collection and serving a student population of 600. These
numbers are derivaed from a 5% sample drawn frcm data provided in
19661 by 1,891 academic institutions (cut of the 2,207 listed in the
U.S. Office of Education's Education Directory, 1965-56, Part 3,
Higher Education). The sample indicates that in 1965, 40% of the
nation’s academic libraries--80% of the junior colleges--had fewer
than 40, 000 titles in their collections. The median student population
of the group was ciose to 600. The cut-off at 40, 000 titles is high
enough tc include an important number of libraries, yet low enough to
suggest that the institutions in this class face serious problems in
buiiding collections.

Persons from 133 other organizations contribtuted inforiration,
guidance, and other help to this project. They were contacted by
visit, by letter, and by telephone. These people represented ccileges
and universities, the microfilm industry, publishers, printers, con-
sulting firms, manufacturers of data processing systems, government
agencies, and assorted institutes, centers, councils, and associations.
The working bibliography for the project comprised 203 titles, plus
manufacturers’ publications and price lists.

The material to follow in this Appendix is in four sections.
Because both theoretical models employed in this study draw on

1Amez:ir.:"n Library Association, Library Statistics of Colleges
and Universities, 1965-66 Institutional Data, Ckicago, Illinois, 1967,

234 pp.




information relating to the corcts and nrices for manufacturing fiche,
a section devoted to that subjec* appears next. It is foliowed by a
description of tke single-tiile model Thken the core-collection model
is descr bed. The Appendix closes with a brief statement of the con-
clusions draws from the study. The preseat-syster: model is not
separately described in this Appendix, but elements are édrawn from
it as n=zeded for purposes of iliustration and comparison.
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THE FILHE: FORMAT AND PRICES

Parameters for the Price Modeis

Figure 1 pictures the basic fiche format assumed for the cost
calculations to folisw. The fiche size is 4 x 6 in. This is the size
employed in the user experiments at Denver Research institute. No
effort was made to assess alternatives, such as a fiche of 3 x 5 ir.
or of tab-card size. #cross its top, the ficke carries a 1/2-in. barnd
for an eye-Teadable label. A l-in. strip at the left side provides for
machire -readable coding, against the day when mechanical systems
are introduced for filing and retrieval. Part of this strip can also be
used for the fiche's internaj. index. A 1/8-in. inargin is provided at
the remaining edges.

Three reduction ratios have been dictated by the fiche used in
the research carried out by Denver Research Institute: 40X, 115X,
and 150X. A fourth ratio has aiso been introduced in response to the
interest that has developed in the last two or three years in the coa-
cept of a "library fiche, " carrying 300-500 pages of information,
meant specifically for book publication. Such a fiche, if held to the
4-x-6-in. size, would require a reduction of 50 diameters or more,
depending on the usable film area and on one's judgement about tha
sizes of original material to be accommodated. No off-the -shelf
system for microfiche is presently available between 38 and 100X,
The DRI staff have asked for an estimate of fiche costs in this mid-
range, and have suggested a reduction of 80X, which approximates
the halfway point between 40X and 115X.

Table I iranslatez the given reduction ratios into fiche capac-
ities in images. A target size of 9 x 12 in. is assumed. This will
accommcdate upward of 85% of books and serials, including many
European periodicals. It will also permit publications in music.

At the higher reductions, economic use of a fiche requires that
it hold more than one title. In this study, we have assumed that title
units will be blocked off on the face of the fiche. The formats are
shown in Figure i. The decision to use one unit at 40X, two at 80X,
four at 115X, and eight at 150X was arbitrary, but it results (except
at 40X) in title units that are roughly comparable in terms of images
per unit. Table I displays the capacities of the resulting title units.

1A 7-x-9-in. target size wiil yield savings in fiche if books alone
are considered. The 9-x-12-in. gize is advocated by William R.
Hawken, "Microform Standardization: The Problem of Research
Matexials and a Proposed Solution, " NMA Journal, Fall 1968, 22.




6!:

Eye-readable label

4"

4. 875"
Coding |
Area
3.375" Image Area
{30X occupies this area
with 1 title unit of 231
images)
BASIC FICHE FORMAT
FORMATS AT DIFFERENT REDUCTIONS
80X Format 115X Format 150X Format
2 Title Units 4 Title Units 8 Title Units
462 Images in 496 Images in 420 Images in
Each Unit Each Unit Each Unit
924 Images Total 1,984 Images Total 1,36C Images Total

FIGURE 1: FORMATS




IMAGE SIZES:

Original 40X 80X 115X 150X
Width: gt . 225" .1125" . 078" . 06"
Height: 12* .3 . 15" . 104" . 08"

NUMBER OF IMAGES PER FICHE:

Fiim Area 40X 80X 115X 150X
Width: 4.875" 21 42" 62 g, "
Height: 3.375" 11 22 52 42
Total 231 924 1,984 3,360

: ek
NUMBER OF IMAGES PER. 7ITLE-UNIT

1 Urit; 2 Units; 4 Units; 8 Units;
40X 80X 115X 150X
Columns 21 21 31 20
Kkows 11 22 16 21
Per Unit 231 462 496 420

“Fiche will hold 43 columns; 42 are shown here to permit
division into 2 units.

3

e
-*

Fiche will £51d 81 cclumns; 80 are shown to permit
division intw 8 units.

ofo ote
o>

3

Formats are shown in Figure 1.

TABLE I, FICHE CAPACITIES
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A sampl= cf books from the Denver University iibrary, arrayed
by number cf pages, his produced the curve of cumuiatlive percentages
shown in Figure 2. Only the points shown (e) were plotied from the
sample dzfa; these points were linked without further calculation to
produce the curve. Values beycrd 800 pages were extrapolated, 25
far as 2,728 pages, the size of Webster's T hird New International

Dictionary.

By using this curve, one can estimate the number of tities in a
colliection of 20, 30 that will require one title unit, the number that
wiil require two, and so on. Titie units of 231 pages (for the 40X
fiche) are rnarked «ff on Figure 2 fo illustrate the process. Similar
exercizes were performed icr tae title units ased at the other three
redaciions. These quantities in turn p2rmit one o estimate tke toral
resairement for fiche of a given kind, as shown in Table II. The
sarnple data from the Denver University library show 2n average of
326 pcges per title, which provides 2n estimate of 6,520, 00V page= for
the hypothetical collection of 20, 053 titles.

The tindizgs <£ thic inquiry into prices for manufacturing fiche
and masters ars summarized in Table 1V. Tie valucs shown there
represent expected costs of a publisher for having 20, 000 tities fiimesg,
masters prepared, and fiche run off in given gz stities, from 25 to
2,0G0. A brief discussion of these estimated prices is offared in the

following s=ctions.

Sources and Assamptions for Estimates of Filming Prices

Filining ccsts for low reductions are baried in inclusive cnargas
for preparing imsster fiche and are not available at all for high reduc-
tions, since manufacturers prefer o gucte on high-reduction filming
onlv in terrns of specific jobs.

Iiut one can call upen zxperience in other 2reas for guidanc=.
The price schedule for microfilm of the Huntington Library, in San
Marino, California, suggests that a per-image cost of $0. 05 for routine
material apd $0C. 10 for problem matter would not be inappropriate. 1
The Huntington houses one of the world's great collections of old, rare,
and vziuable materials. While those prices are higher than the prices
that g2revail in the business community for microfilm services, they
commend themselves to our purposes for two reasons: First, because
filming for high-reduction fiche will be more exacting than filming for
conventional reductions; second, because some part of the reputation

lfor “reguiar material, "’ the Huntington charges $0. 08 each for
the first 209 exposures and $0. 05 thereafter. For "material requiring
special handling, " the first 200 exposures cost $0. 12 each; additional
exposures are $0.10. An exposure may accommodate two pages. The
two higher figures defray the fixed costs of set-up and materials. Spool,
bex, packaging, and mailirng are extra.

A-11
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for poor quality that has attached te microforms in general can be
traced to penny-pinching work in the initial filming. For these rea-
sons, this study has taken the Huntington prices as a floor ard arbi-
trarily introduced two alternative vaiues, $0.10 and $0.15, tare
higher stiil, in order i» suggest a range within which it appears
reasonabie to assume that actual filming prices will lie. *fanufac-
turers have explaired that if filming must take piace at a library (as
may be necessary with rare books), the price may go as high as

30.25 per image in order to pay for the on-site facilities and controls
demarnded by high-reducticn work. On tke other hand, tiiere exist
circumstances that would shifz orices the other way. The publication
of a core colizction, for exampie, with its preponderance of recent
Dooks, would push prices dewnwa2rd because the materials car be ex-
pected to present good images, as a body, aad will not require the
care in handiing that rnust be given rare materials. Brand-new books,
filmed from unbound pages, or placed directly on film frocm a magnetic
tape ased also for ivpesetting, would involve a minirnal filming cost.
Neither extreme has bezen incorporated in the price estimates of this
study. The values used are summarized in Table MI.

49X-: Prices for Masters andAFiche

Manufacturers®’ experience with microfiln: at or niear 4CX has
been confined te closed systems that do not conduce to gereraiized
public statements about cost or price. But ar extrapolation of current
pricss for fiche at 20-24X suggests that an inclasive price (filming,
materiale, and processing) for 40X fiche would £2ll in the range of
$14-16. A $3.00 charge for materials and processing will yield this
result, when it is coupled with the $0. 05 per-image charge already
adopted as the low estimate for filming. The price of a laminated fiche
made from the master is estimated in this study 2s $0.20. It should
be pointed out that becauvse of the quantities of fiche and masters needed
to carry 25, 003 books at 40X, a s;rall error in estimating prices will
have a large cverail effect. Table III summarizes the price estimates
for 40X.

20X: Prices fior Masters and Fiche

Here is another reduction ratio for which established prices dc
not exist. Nor can any manufacturer point tc commercial production
experience at or near 80X to provide guidance. And yet it has seemed
clear that 80X ir all its technical particulars--fitm stock, camera
work, processing, readers--would be of the same rrice family as the
higher reductions from 100-150X. Thus this study uses estimates for
83X masters based on the prices for higher reduction fiche published
by the two mantzfacturers participating in the experirents conducted
at Denver Research Institute. One guotes a price of $100 for a high-
reduction master; the other a price of $250 for a mrster containing
1,000 images or less --a rarge that accommodates our 80X fiche with
its capacity of 924 images. These prices baxz been used in the study

A-14




Filming Prices: §, 520, 900 Total Imzges

80%) routire @ $0.u5 $260, &0C
20% diffical: @ $6.15 130, 400
Low estimzte $391, 200
86% routine € $0. 10 $521, &0
Z5% difficult € $0. 15 135, 600
High estimate $717,200

490X: Masters and Fiche

38, 281 masters @ $3.00 $116, 643

Laminated fiche: 38,882 @ £0.20 7,776

80X: *asters and Fiche

‘ Mir, A- 12,736 masters @ $256 $3, 184, 002
. Mfr. B: 12,736 masters @ $100 1,273, 600
o Fiche: 12,736 @ $0.99 11,4462

Alternative estimates at cne-half the prices above:

| Mfr. A: 12,736 masters @ $125 1,292 296

_g Mfr. B: 12,735 masters @ § 56 636, 800

i Fiche: 12,736 @ $0.45 5,731

- 115X: Masters and Ficke

- Mfr. A: 6.085 masters @ $275 $1,673,375

) Mfr. B: 6,685 masters @ $100 698, 500
Ficne: 6,085 @ $0.90 5,476

R P

150X: Masters and Fiche

— Mfr. A: 3,375 masiers @ $350 £1,181,250
‘E Mfr. B: 3,375 masters @ $100 337,500
" Ficke: 3,375 @ $9.90 3,038
— TABLE III, PRICES FOR MASTERS AND FICHE




to provide high ¢nd icw sstimates. For duplicate fiche made from
high-reduction masi=rs, one manuiacturer quotes a pr.ce of $C. 83,
the other, $1.900. In this study $0.350 is used as the price of a
dupiicate.

As littie as six montlas ago, these esiimales based on high-
reduction prices would have seemec adequate. But in the last six
months, technical developmerts, still proprietary, have suggested
tbat 80X =nay actually fall ir a middie range of prices, betwean those
estaklished for reductions above 106X and those that apply to iowsr
reéductions 2t 20-40X. To reflect this possibility, a second kighk-low
range has been establiskad for the study--a range arrived at by cut-
ting in half the bhigh-reduction prices just quoted. No rationale is
offerec for this culfing-point, except that it serves a felt need to test
the consecuences of a price z=chedule somewhere in ihe middie region.
The estimates for £0X fiche and masters are summarized in Table III.

1153: Prices for Masters 2nd Fichke

One manufacturer quotes a flat price of $100 for masters at
115X; for the other manufaciurer two prices 2pply: $2590 vp to 1,001
imagers; $3900 from 1,901 to 2,100. Whaiie the 115X fiche of this study
has & maximum capacity of 1,984 images, unused space wili place
mnany fiche in the $250 category. This effect is approximated by
employing a fiat $275 for the upper-limit estimate of manufacturing
price. As with §0X, $0.99 is used as an estimated price for duplicate
fiche. Tabie I summarizes the 115X estimates.

150X: Prices for Masters and Fiche

One manufacturer continiues to quotc $106; the other guotes two
prices that apply to the 150X master, witk its capacity of 2,360 images:
$3090 for 1,001-2, 100 images, $400 for 2,191-3.200 images. The
150X masters will find themseives in both categories, and again the
decision was made to approximate this result by basing the upper-
limit estimates on a flat $350 per master. Estimates for duplicate
fiche remain at $6.99. The results are summarized in Table III.

Price Summary

To better display some of the issues involved, total manufacturing
prices for a package of 20, 000 titles on fiche are shown in Figure 3.
Only the low-estimate values were used. A clear price advantage iies
with 150X, except at the very lowest production levels, whers 40X
prevails. But some of tke uncertainties about 80 and 40X must be
reiterated.

The 80X system is not competitive if it inust be produced at

prices that apply to higher reductions. But if §0X fiche should in fact
be available at approximately one-half the high-reducticn charges,

A-16
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ihan the low-estimate price for 3,000 sets dreps from $36 million to
$18.2 miilion. In connection with 40X, it was sariier painted out that
the numberx of fiche iavolved at this reduction would convert a mis-
judgment about unit price into a :najor overall effect. If 40X fiche
were te cost $0.15 instead of the estimated $0.20, the manufactering
price for 3, 000 sets would drop from $23.8 million to $18 million.
This secend vzlue is shown in Figure 3 by a dotted line. Such changes
would mean that three of the reduction ratios under coasidzration in
this study--40, 80, and 1iSX--would find themselves ir close price
competition. Were this situation tc develop, it is likely that com-
petitive bidding would be required to resclve the price question.

System faciors other than the price of fiche wiil likely weigh i
the final decision, especially at the library level, where differences
in system price attributatie io reduction ratio may be as low as one
or two thousand doliars. The price of readers is cne such system
factor--one that in the state of the art as of this writing militates
against the higher reductions. Ancther factor is the number of tities
on a fiche. Given the parameters set out for this study, this aumber
changes as follows:

3
X
-
.
.
3

Reduction Titles per Fiche
40X -5
80X 1.6
115X 3.3
150X 6.0

The predominant opinion of the iibrary community appears to favor a
fiche with no more than ore title, for this would preserve the tradition-

Nal bibliographic procedures and services built around the assumption
that one title = one physical unit.

Furthermore, the one-title concept invites a lock ahead at the
model to be described in the next section, which is focused on the pub-
lication of single titles in fiche. A fiche at 150X yields a low per-title
cost in the calculations to this point because it has been permitted to
carry up tc eight titles. The placing of several titles on a fiche may
not be feasible, except in terms of a collection to be published as a
package. If one thinks of publishing a single book (let it be a book of
326 pages, the average in the sample mcntioned eariier), then the
manufacturer's price of a copy at 150X will be $0.90, plus a skare
of the master costs allocated according to the number of copies manu-
factured; while the price of a copy at 40X will be $3. 40 (two fiche),
plus a share of the master costs. If it appears that total production,
over time, will involve a mixture of single-title fiche and multi-title
fiche, then the price advantage must be decided in terms of the pre-
dicted mix. As Figure 4 shows, if upward of 25-30% of total pro-
duction takes the form of single-title fiche, then the advantage in
manufacturing price shifts from 150 to 46X, The 80X fiche remains
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Single-title ficic:

Multi-titie ficke: {The prices per title are - )
price per title? calculated for editicas of price per title
3,000 copies. Dotted v/
v vertical knes show % 2t
which crossover cccurs
$1.00 - wita 750 copi=s) $1.90
$0.94%
T -*
s0X
{At HR prices)
- 4
a
$0.60 115X +
o
.P 1
$0. 47
$0. 40 T - — : 3 2 $0.4;
¥ 40X
$0.36 ‘ 89X 1
£0.29 (At est. 1/2 price)
N~150%
+
$0.16
1 L 4
£c.00 J —t 4 -+ -+ + -+ + $
0% 50% 300%

Single-title fiche as % of all fiche

IUsing prices per set irom Table IV (low estimates, 3, 009 copies) divided
by 20, 000 titles.

ZUsing unit prices from Table HII {the lower price in each case). Assume 326
images filmed. Assume two masters and two fiche at 40X; one each-at the

other reductions. Then:
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an economic question. If it must be manufactured at high-reduction
prices, then it is out of competition. But if the haii-price estimate
described esarlier shouid approximate reality, then 80X demands con-
sideration as a medium for the mixed production of single titles ard
large coliections.

Addendum

The cost/price estimates used throughout this App=ndix were
based on irfcrmation available to tie authors as of July 1, 1963. As
this material goes to press, new information kas come to hand con~
cerning tke pricing for 69, 70, and 80X microfiche for a large col-
leciion. While this pricing is still pruprietary, we can state that it
is socmewhat lower than the half-price estimates used above for 80X,
and that the prices have been qusted againsi rigorous quality specifi-
cations. We believe that these specifications shortly will be available
for publication.

It should be pointed out that this does not clearly illuminate the
cost/price competition between various rzduction ratios, for large-
collection prices relating to other ratios have not been obtained irom
manufacturers.

New data available or: readers indicate that the pricing of mid-
range readers may be closer to 40X than to higher reductions. A
number of manufacturers have analyzed the costs of supplying nigh-
quality lap readers with a screen size of 6-x-9-in. a::d a biowback of
703 and tentatively have arrived at suggested selling prices of $100-
$125 per unit, assuming a large demand, and of approximately $25C
per unit for a table reader at 85X with a 10-x-14-in. screen.
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THE SINGLE-TITLE MODEL

Tk2 Publishing Subsystem

<or a setting for this model, it is apprcpriate ts sketch certain
of the costs, grices, and functions that are observable in the publishing
industry and tke book trade. J.et a single book be used for illustration:
a book with a list price of $9. 00! that sells to a library for $7.20,
after a 20% discount. Let it also be assumed that the initizl printing
was 5, 000-6, 000 copies. The return from this one sale will be dis-
tributed something like this:

$i.50 Manufacturing cost (typesetting,
printing, binding)

$0.90 Author's royalty {10% of list; may
be scaled upward on longer runs)

$2.10 Editcrial costs, overhead, publisher's
profit on the initial run

$0.90 Publisher's distribution cost {marketing,
warchousing, shipping)

$1.80 Dealer’'s discount (ordinarily 40% of
list; in this example the library
discount takes half)

$7.20

As Figure 4 indicated earlier, high-reduction microfiche makes
possible a lower per-title manufacturing cost than the $1.50 shown
abceve. But how important is the manufactering price? Book prices
($9. 00 in the example at hand) are set in 2 manner that is largely
independent of such out-of-pocket costs as those for typesetting,

1Steckler, Phyllis B. (ed.), The Bowker Annual, 1968, 103,
shows $7.99 as the average price for new books (trade and technical)
in 1967; if chiidren's books are exciuded, the average rises to $8.83.
Institutions of higher education, because of their need for technical
publications and retrospective materials seem to experience higher
prices.

Z‘l‘he values used Lere are composites from four ssurces: Coqui
{(pseudonym), "Selecting the Retail Price, *' Publisher's Weekly, April
1, 1968, 15-17; Lacy, Dan M., "The Economics of Publishing, " Book
Publishirg, * Book Production Magazine, April 1963, 58-60, and May
1563, 62-64; Quain, Edwin A., "Whart it Costs to Make a Book: Can
the Scholarly Book Pay Its Way?'" Book Production Magazine, Jan-
uary 1962, 42-43; Dembofsky, Thomas J., "Why Technical Books Cost
What They Do. , " Physics Today, March 1966, 65-67.
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printing, ard binding. The publisher’s judgment about the relationship
of price to poiential sales is the key element in setting that price. He
calis upon his experience with similar books, and ke asks (for ex-
ample): *How rmany copies can I expect to sell at $7.002? How many
at $12. 992" He seeks to maximize his profit. Often he guesses wrong.
In the publishing industry, best sellers and income from subsidiary
rights offset the losses from many judgments about the price/market
ratio for a given titie. But given the pricing methods that exist, a
major change in the cost to the publisher for manufactaring the bovk
will work only 2 smail ckarge, or none at all, in the list price to the
buyer.

Will a book in microfici:e be sufficiently differer.t to bring about
other changes in the price/market structure? E:xperience with micro-
forms does not illuminate this question. To date, microforms (roil
film, fiche, aperture cards, and opaque forms) have been 2mgployved
chiefly f=r three purposes: {1) to save space--newsrzapers and public
records are major examples; (2) to preserve information on deteri-
orating papex; and (3) fo provide copier in cases of limited or unpre-
dictable demand, where print-to-crder iz a desirable policy, made
feasible by the low cost of microfilmz. Arnong the examples of this
tnird class are engineering drawings, as are technical and professional
papers available tarough sech agencies as the Clearinghouse and ERIC.
Doctoral dissertations from University Micrcfilms, Inc., are also of

inis category.

A fourth use of mizrofilm has moved forward in recent years;
that is, as a vehicie for publishiag large collections of historical
materials. Som= of these collections, avaiiatle or announced, number
5,000, 1C,000, or 290, GO0 volume= (or the equivaient in pages) a* ner-
volume prices ranging from $0.75 to $2.0G. Baut these prices do not
arise sclely from the use of microfilm. They are more properly
attributed to the fact that such collections attack a wide array of costs
that pgresently confront both the publisher and the library. Fcr ex-
ample, a sale represents cne transaction instead of 5-, 10-, or
20, 00D transactions. This is 2 major saving for both seller and buyer.
Thus the relatirely low per-volume price of the large collections can
be attributed, at least in part, to the rcduced costs of distribution.

Distribution costs are a major item. In the book example of a
moment ago, 50% (includirg the library discount) of the $9. 00 list
price was earmarked for such costs. A note on paperback publishing
may be heipful at this point, not bacause the paperback necessarily
affords an analog to microfiche, but because it raises rzievant issues.
A part of the price advantage enjoyed by the early caperbacks lay in
the fact that distribution costs were minimized. Both advertising and
sales effort were omiited; the books were sold through magazine
dealers, who placed them on display 2nd permitted them to sell them-
selves--which they did. A circle is evident: the books were priced
for impulse buying; impulse buying in volume made the price profitable.
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But as the number of paperbacks grew, the directness of appezl was
lost in the welter of covers. The books no longer sell themseives as
expeditiously as before, and this is part of the reasoa why the price is
no longer 25 cents.

Trade paperbacks {the "quzlity" paperbacks sold through book
stores, rather than magazine ocutlets) are priced above the ievel of
impulseé buying in a2 mass market, but still must achieve volume sales
to return a profit. Ore pablishing exzcutive has pointed cout that the
trzde paperback publisher is prone t> look for coliege course usc be-
fore he accepts a book. 1 Thus the iwo kinds of paperbacks illustrate
the two coaditions in which American publisking, according to andother
executive in the indusiry, achisves effective distribution: either the
audience is large or it is specizlized and well defined. 2

Another observation to be made about paperbacks is that they
opencd =z market not reached by hard-cover books. The separzizness
of the two markets for many titles is sufficiently distinct to permit
simuitanecus publication in both forms with the expectation that the
paperback will ot destructively aifect the hard-copy sales. Later
pubiication in paperback is perhaps more familiar, and here the
reverse zpplies: with luck, the paperback will reach mass markets
that were untouched by the hard-cover editicn.

Against this background, what can be said about the cost of dis-
tributing a book in microforin? It can be envisioned that shipping,
handling, and wareheusing costs will drop because of the reduced bulk
and weight, Dut it is not equally easy to imagine that marketing costs
wiil drop; in fact, until the medium is well established, a great deal
of added marketing push may be required. This brings the issue down
to a definition of the potential market.

W:11 fiche open new markeis? Or will this new medium simply
cut into tane cales of hard-cover and naperback? If a new market
develops, and if present pricing methods hold, then the price of fiche
to the user will very likely be set at a level tLat represents a2 maxi-
mum exploitation of the market. Tkis price may be low. But not
necessarily. If the fichc are bought because they turn out to be con-
venient, cr becausz they save space, or because they offer some other

IJ ohnson, Pike, "The Trade Paperback, " in Grannis, Chandler
B. {ed.), Wkat Happens in Book Publishing, New York: Columbia
Univ.rsity Press, 19567, 126-127.

2La.cy, Dan M., "The Economics of Publishing, " Book Produc-
tion Magazire, May 1963, 64.




fit-to-application, then the price can be raised without damage to sales,
and one is pot amiss to suggest that this is what will happen. The very
real poszibility ithat fiche will simply cut into the polentiai saies o
iibraries of the other media diminishes the prespect of a major price
break.

The questions here cannot be resolvad in terms of the publishing
subsystezrn 2lone. A look at the library subsystem is called for and is
cffered next.

-

Tiie Library Subsystem

Like pubiishing costs, certain librzary costs can be sketched in
broad terms. In practice, if oae seeks to compare two libraries or
to assess the efficiency of cne. broad terms will rz¢ Jo, for different
iibraries are directed to different goals, employ di.ferent procedures,
face different costs of living, and group their activities in different
departmeiitc! 2nd budgetary arrays. But a picture of the cost domains
that bear on the appiication of microfiche will be useful and may be put
forth in terrns of the cosi of hancling a single book:

$7.20 Purchase price, from preceding section

$7.00 Book selection, ordering, receiviag.
cataloging, marking, shelving

36.00 Cizrculation: 15 loans over an assumed
system life of 50 y=ars

%
E
|

$9.00 Housing the book for 50 years

$1.4¢ Rebinding, loss, vandalism, book
retirement

Qi s daaion L

$30.60

IR Lo

B

For the interested reader, the next four paragraphs sketch the
sources used for these costs.

 Ymsimawvns §

A number of sources point to $7. 00 for the secord item.
William H. Kurth, for example, has reported on six studies oi 2<Gu:-
sition and cataloging costs.’ Four were multiple-library studies.
One examined a singie library. One was dased on a conjectural model.

Ny omanpum, ¢

1Kurth, William H., "Costs of Processing, " an unpublished
preliminary draft of Charter 6, in Turner, Edward [principal investi-
gator), A Studv of the Imaplications of Modern Technology for Small
College Libraries, in preparation for the U.S. Office cf Education
{Project . 7-0910, Grant No. OEG-1-7-070210-3706).

IR L N A s L
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Their findings ranged from $3.76 per title to $7.77, with a cluster in
the rangc of $1.33 to $4.50. Only one, the cenjectural model at $7.77,
insiuded scolc.ciion Tosis. A siudy of process:ing costs for science
monograypks at Columbia University arrived at a tcta! of $10.26.1 A
study of the undergraduate lii)rafy at the University cf Michigan led to
2stimates ranging from $10-14.“ The two university studies include
seiection. The use above of $7. 00 seems within the range suggested
by these studies.

For circulation {each loan), a study at Purduc University
arrived at 2 fizure of 35. 45 ipersonnel casic anlv),? A survey at an
unnamed university library preduced an estimate of $0.58.% At the
University of Michigan, an analysis of the budget for circulation
activities in the central library set the variable cost "of providing the
bock and ali the byproduct services™ at $0.60-80.2 The same author
estimates the cost per circulation at the Michigan student library as
$0.20-40. The $6.00 used above assumes 15 lcans at $0.490 each,
over a system life for the book of 50 years.

The $9. 00 for storage again assumes a 50-year system life for
the book; it employs the annual storag= rate of $0. 135 per year cal- 6
culated hy Fussler and Simon in 1961, adjusted to $0. 18 for inflation.

lFasana, Paul J. and Fall, James E., “Processing Costs for
Science Monographs in the Columbia University Libraries, * Library
Resources and Technical Services, Winter 1967, 97-114.

2Meier, Richard L., Socizl Change in Cornmunications-Oriented
Institiitions, University of Michigan, Report No. 10, Ann Arbor,
Marcah 1961, 20.

3Lister, Winston C., Least Cost Decision Rules for the Selec-
tion of Library Materials for Compact Storage, Purdue University,
Lafayette, Indiana, January 1967, (Clearinghouse: PB 174 441), 173.

4Bryant, Edward C., and others, Library Cost Models: Owning
Versus Borrowing Serial Publications, a study by Westat Research,
Inc., for the Center for Research Libraries, Chicago. Iliinois,
August 1968, 9.

5Nleier, op. cit., 33.

6Fiassler, Herraan H. and Simon, Julian L., Patterns in the Use
of Books in Large Research Libraries, The University of Chicago
Library, 1961, 260. Inflation factors from Simon, Kenneth, Projec-
tionis of Educational Statisiics fc 1977-78. U.S. Department of Health,
Education and Welfare, Washington, D.C., 1969, i33.
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The last item is 2 remainder of other costs for handling GOOKS.
It is ar arbitrary, rcea-ded i0% of the $14.20 used in the above examplz
to suggest the cost tc x Iibrary for placing a book on its shelves {$7.20
price, plus $7. G0 for selection and processing). The $i.40 includss
$0. ;9 for book binding, ! $1.02 for lost bocks,” and $0.17 for the
clericai costs of boak retirement or iransfer fo compact storage when
the library runs out of space.~ No specific estimates are offered ior
the costs of vardalism, of searching for iost books, cf the handling
costs 2esscciated with book binding {the 3G. 10 is bindery charge only),
nor of the costs for nprofessional review of book retiremment lists. On
the whole, the %$1.40 is conservative, as are the other costs that pre-
cade it.

Potentiai Impact of Fiche. Many of a library's costs and proce-
dures for selecting, ordering, and receiving books would not be
affected by a change in medium. And ye! some differences seem pre-
dictable. For example, where an approval system is partof a
library’s machinery for seiection, fiche can be expected to reduce
certain of the costs that attend tke shipping handling, and returning of
books sent out on approval by a dealer. Inspection procedures for
books purchased on fiche may become more burdensome than for con-
ventional books, at least until publication in microform achieves a
better reputation for quality centrol than now exists. Allen Veaner has

1f.)ui’tman, Gerald L., The Cost of ProvidingﬁLibﬁrary Services
to Groups in the Purdue University Community--190l, Purdue Univer-
sity, Lafayette, Indiana, June 1952, 31-32. Tnis study estimates
that books use 5% of the annual budget for binding. The 5% equals
1. 4% of the budget shown for new bocks. Thus for the sample above:

.014 x $7.206 = $0.10.

ZAssumi‘ng that the annual loss rate in volumes equals 7% of the
number of volumes added. In the example above, the cost of adding a
volume is $14.20; thus: $14.20x .07 = $0.99. The .07 is a com-
promise. Wiih the help of volumes-added data from the ALA's Library
Statistics {op cit.), ratios of lesses to additions have been derivec
irom three articles: Roberts, Matt, "Guards, Turnstiles, Electronic
Ilevices, and the Illusion of Security,”” College & Research Libraries,
July 1968, 259-Z75 (ratio at one university: . 185); "'Climbing Book
Losses Sink Honor System, ' Library Journal, November 1, 1968,
4086 {ratic at one college: .9843); 9,000 Volumes Stolen from Stacks
of Five Washington, D.C., University Libraries,' Library Journal,
October 1, 1966, 4609 (ratio for the five: .073).

3F ussler and Simon, op. cit., 244. This estimate was putlished

in 1961 and assumes an houriy wage rate i $1.50.
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pubiished qu‘aiii:ly gaidelines that should@ be useful tc both publishers
and librarians. © Owver the long ter-n, one should also expect an in-
creased rate of publication in microform to improve the librarian's
chances for success when he seeks to buy an out-of-prirt title. At
pr=sent, this process imposes a cost for maintaining records and
encumbering funds, followed by = perceniage nf failu—e that requires
records to be cleared and funds ireed. Gains in thi;s regard are a
contribution of microforms in gezeral, not mersly of fiche.

Cataloging and Filing. Need cataloging change? it appears that
book conventions will sexve for Ziche. A public catalog arranged by
classification wiil be needed to serve browsers. (Very likely this will
not bz the shelflist for ficke, for fiche do not encourage shelving cr
filing by classification.) Provision will have to be made on the fiche
for marking and adding accession numbers, or, where fiche are pre-
cataloged, for introducing modifications to suit local practices. The
use off paper jackets would facilitate marking (while rendering useless
the machine-readable coding area that was provided in the fiche for-
mat ascumed for this study).

Since fiche themselves will not permit browsing, they need not
be filed by classification. It seems likely that the accession number
will serve as the :Lelf or file code. Thus a new fiche will not be
inserted somewhere in the middle of the existing file, but will always
be added at the end. Many p2rsons have worried about maintaining
file integrity with fiche. Misfiling is one part of this concern. It
should be noted that a file drawer of fiche, given that none will be
added in the middle, can have a patterr mar*ed across the top of the
fiche (perhaps a diagonal lin=, from the left front coraer of the
drawer to the right rear) that will show at a glance whether any are
out of plac=. It does not appear that the costs of file main‘enance will
exceed the cost of stack raintenance, though doubtless fiche will be
misfiled, just as books are misshelved. Itis assumed here that access
to the files will be limited to library personnel and that file custody
will be combined with circulation control. While this arrangement
implies an increased need for persons to staff the control desk, it
also represents a reduction in the need for shelvers or pages, espe-
cially in those libraries that maintain closed stacks.

Circulation. A number of persons interviewed in the course of
this study expressed interest in the concept of dissemination fiche-=
that is, of duplicate fiche made at the library from masters and either
given tc the patron or sold to him at a price approximating the cost of
the duplicate. At conventional reductions of 29-24X, this cost would
be in the neighborhood of $0.15. It is assumed that contact printing

—— e ———

1"The Crisis in Micropublication, ' Choice, June 1968, 448-453;
July 1968, 739-744,
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would be employed and that thz duplicate wouid e made on iow-cost
diazo film. But at higher reductions, prcblems develop. The library
master will require lamination to protect the images, and this wiil
prohibit contact printing. The duplicate, too, at 80X and higher will
require lamination. Moreover, the operation itself. at higher reduc-
tions, reguires skill and clean, well-controlied working conditicns.
These circumstances are reflected in the prices quoted earlier in
this report for fiche at higher reductions--prices of $0. 80 and $1.002
per ficke, with some possibility that 8¢X fiche might te priced lower.
Peter R. Scoti has voiced the idea that high-reduction storage might
be miade to yield low-reduction dissemination copies through the use
of optical printers. 1 This wouid combine the advantages of compacticn
offered by high reductions with the ecoromical edge, in costs of pro-
cessing and readers, that belongs to low reductions.

But on the whole, the technical questions that arise from the
contemplation of a dissemination system are not as difficult as the
copyright questions. On-the-spot duplication cf whole text wiil re-
quire payment of royalties to authors and publishers. With Congress
and the Copyright Office at work on major revisions of copyright law,
the time is inopportune for conjectures about fees for dissemination
systems or about the procedures for collecting fees. For this model
it is assumed that fiche circulate under the same controls that now
apply to books, and while some procedural differences are evident
(for instance, the fiche is taken from file by the control clerk, not
the patron) the same costs are assumed.

One other aspect of circuiation invites conjecture; it hinges on

- the future role of the iibrary in the learning-teaching process. An
increasing emphasis on independent study is becoming evident in
higher education, even in the first years. This trend promises a new
importance for thc library and its materials. But whether tke librzry
becomes the physical setting for learning is another matter. The
impulse to break the confines of the traditional classroom or lecture
hall may shatter the campus walls as well. In sucha circumstance the
physical form of the library might then become that of a central repos-
itory with many outposts (stoxefronts?) containing catalogs, indexes,
and other reference aids; instractional aids and devices directed to
the use of the library; and an order service promising half-day re-
sponse from the repository. The inaterials-handling costs in such an
arrangement would be reduced by the use of fiche.

Pas)
ey |
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1Irz an interview, October 196%. The same cosncept has been

- advanced by Jack Ver Hulst, "An Approach to the Development of A
‘ Large Volume Microform Dissemination Library System, ** NMA

Journal, Spring 1969, 111-il2.
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Space and Miscellaneous Costs. While the cost faciors discuss-
ed to this poiat are suificiectly un~ertain to discourage estimates, two
other factors appear ctherwise: one is the decrease in cost resuiting
from the lessened space ra2quirements of fiche and from reductions in
such miscellaneous expanditures as those for binding, loss, vandalism,
anc retirernent programsz; the o‘ther is a new coct arising from the
need for readers.

File space for storing {iche up to the equivalent of 20, 000 volumes
shall be treated here as a negligible cost. Thea space demands for
storage are such that they can be incorporated in areas presently
devoted to other functicas, such as the circulation desk. Tuble V pro-
vides estimates oi the space needs for 20, 000 volumes, assuming the
fiche are stored in 18-in. trays (occupied to 15 in.) that are placed
side by side cn a counter or desk top for easy access. It would no
doubt be preferabie to halve or quarter some of the larger dimensions
by making the trays into drawers, stacked two- or four-highina
cabinet. Two spacc estimates are giver. one for unjacketed fiche,
the other for ficke in paper envelopes. For all but 150X, fewer
envelopes than fiche are required because some titles (of 40X, most
titles) occupy more than one fiche.

One advantage of the single-title concept is that it assumes a
slow build-up of the fiche collection. This allows the library to
acquire readers one at a time, in response to known demands. Pre-
sumatly the demard for library readers would be tempered by in-
creasing levels of personal ownership of readers on the part of faculty

and students.

A mid-range price for a high-reductior reader in the current
market can be estimated ai 3460, or $92 yearly, over a five-year
period. This includes the cost of a maintenance contract. For a
40X reader, let a price of $120 be assumed, or $24 annually, again,
with an allowznce for mainterance. The core ccollection modei to be
described in the next section allocates 40 sq.ft. for carresl space
incorporating a reader. Fussler and Simon, in 1961, 1 suggested
$2. 025 per square foot as a representative annual cost for stack space;
constant-dollar_indices projected to 1969-70 revise this amount up-
ward te $2.70.2 Thus space for the carrel costs $108 yearly. It
should be roted that a square foot of such space would be occupied by
15 books, the number used by Fussler and Simon, at a cost of $0.18

per book.

]Patterns in the Use of Books in LLarge Research Libraries,
op. cit., 260.

2Simon, Kenneth, g.ggjections of Educational Statistics to 1977 -
78, op. cit., 133.
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5
Inches 1 Trays Space

46K 38,881 fiche 389 26 36" x 85"
20, 090 jackets £00
Jacketied fiche 789 53 36" x 156"
80X 12,736 fiche 127 9 18" x 59"
12,101 jackets 242
Jacketed fiche 369 25 356" x 85
115X 6, 085 fiche (31 4 18" x 26"
5,951 jackets 119
Jacketed fiche 180 12 36" x 39"
i56X 3,375 fiche 34 3 18 x 20
3,375 jackets 08
Jacketed fiche 102 8 18" x 52"

1Assmning laminated fiche .0l in. thick. Laminated fiche,
depending on the film used and the kind of lamination, may range in
thickness from . 006 in. to . 015 in. Jackets are assumed to be .02 in.
thick zllowing for folds and overlaps.

2Trays are assumed to measure 18 x 6.5 in. overall, occupied
to 15 in.

TABLE V. SPACE REQUIREMENT FOR STORING FICHE
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When a fiche is purchased instead of a book, this $0. 18 is saved.
Also saved is the array of book-related miscellaneous costs, earlier
estimated at $1. 40 for 50 vears, or $0.328 yearly. Thke total: $0.208.
With these values in mind, one can estimate the number of tities in
fiche that would offset (at $0. 298 per fiche) the costs of a reader and
its associated space:

High reduction (100-150X)

Snace $108
Reader % 92

$200

$2.208 = 962 titles in fiche

Low rednction {49 X)

Space $i08
Reader $ 24

$132

£0.208 = 635 iitles in fiche

It should be pcinted out that the space costs used here are
relative costs. Whatever the truz costs for a given library, the c<osi-
per -book and the cost-per-carrel would be in the same ratio, given
that they are calculated for the same part of the building axd that 15
books per square foot of stack area adeauately represents the library’s
shelf loading.

The core-collection model to be described in the next section
provides evidence that a ratio of 13 readers (including two reader-
printers) to 20, 000 tities in fiche will prove suitable for some number
of instituticns. This is about 1, 540 titles per reader. If a singie
reader can in fact "support” that many titles, then fiche would appear
to represent an economy for the library. The cost difference can be
expressed in terms of 1, 540 titles as follows:

Books: System cost: $30. 60~ x 1,540 = $47,124
Fiche: Purchase: $ 7. ZOf
' Process: $ 7.007
Circulate: $ 6.007
$20.20 x 1,540 = $31,108

High-reduction reader and its

associated space: $200 x 50 yr. = $10, 000 $41,108
Low-reduction reader and its
associated space: $123 x 50 yr. = $ 6,600 $37.708

“From the opening paragraphs of this section on the library
subsystem.
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THE CORYE COLLECTION MODEL

This ci-apter examines the major effects on library patrozns,
library personnel and procedures, and iibrary supplizrs of making
available a core collection published in rsicroficke. Note that the dii-
ference between paper and fiche is not the only issuz; a more signiii-
cant difference is in the contrast of item-by-item acquisition with the
one-time acquisition of a large package.

We have defined a ¥core collecticn® as a collection of 20,000
monographs covering all fields of kmowledge and capable of supporting
a college teaching program that depends heavily upon the library. It
will include some scholarly works for the use of factlty and excepdonal
students. The model is concerned only with t';e initial devclopmant of
the collection; it does not provide for the confiuing acquisition of new

titles.

The modei provides for four reduction ratios--40, 80, 115, and
150--and examines system effects and costs at each ratio. In addi-
tion, costs are amortized over a number of users ranging from 25 to
3,000. No attempt at an actual market forecast has beer made.

The Collection Concept

What are the virtues cf zcquiring 20,000 titles xt 2 time? Tirst,
there is the reduction in the number of individual transactions and pro-
cedures in the library, beginning with the ordering of titles, through
acquisition, mechanical processing, cataloging, and shelving. On the
publishing and book trade side, there is a reduction in marketing and
distribution operations, both within the system and in irteractions
with library customers.

Central organization of the collection rnakes this decrease in.
operations possible. Arrangements already exist whereby libraries
may acquire a number of titles at one time or under one contract from
middlemen/suppliers who function as a liaison between publishers and
libraries. This reduces the costs of selection and purchasing. In ad-
dition, a few academic libraries have formed into groups to provide
for centralized selection, purchasing, and technical processing. ¥Xach
library must stili file its own catalog cards and shelve its own books.

As an extension of the concept of joint selection, acquisition,
and processing, an integrated, packaged collection of 20,000 titles
appears potentially useful to many libraries. The heart of the collez-
tion assumed for this model is a set of laminated fiche. The fiche spe-
cifications and guantities required at each reduction ratio were dis-
cussed earlier in the section entitled "The Fiche: Format and Prices.”
The collection will be accompanied by a catalog in both book and ficke
forms. (A card catalog is also envisiored as an optional item at addi-
tional cost. The price of a set of cards and the costs of interfiling in
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the public catalcg are likely to be prohibitive for many institutions;
kence, the book ard ficke catalogs are designed o accommodate all )
user needs.) «f

in current practice, two methods of book catalog production are
used. They differ primarily in the page cemposition process. In the
first method, the bibliographical information is placed on magnetic
tape. The tape is then used to operate computerized typeseitug equip-
ment. A platercaking negative is the end product. In the second
method. standazé catalog cards are arranged on a page in three col-
umns, seven to a column. The page is photographed 2nd a film nega-
tive is produced. From this point, the two methods become one. The
negalive 1s usd to make offset plates and the pages are run off and
tound iato -~olumes.

Since typesetting requires re-keyboarding of copy that, in this
case, already exists, libraries have tended toward the low-cost photo-
graphic methed. It is possible that, in coming years, with Library of
Congress cards on tape, computerized typesetting will become more
economical. Hoviever, this study employs the photographic metkod for
cost estimating purposes.

The catalug wiii permit entry by author, title, subject, and clas-
sificaticz.. We have esfimated that a collection of 20,000 tifles will
need approximately 129, 000 cards to satisfy catalog requirements.
With 21 cards per page (three columns, seven to a column), the cata-
log will be about 5, 700 pages iong. This assumes no overlapping, or
shingling, of cards. Ancther assumption is that the catalog will be
bound in six volumes. This may prove to be disadvantageous from a
user standpoint. The volumes in this hypothetical catalog will mea-
sure 10 x 14 in,, the trim size which is common to book catalogs pro-
duced by the photographic method. The estimiated prices ailow for
printing on heavy-duty, chemically treated paper designed especially
for library use and for a sturdy, library-type binding. Three sets of
the book catalog will bc provided with each set of ficke, plus one fiche
catalog.

The Copyright Issue

Obtaining rights to reproduce titles is a critical factor in the
publication of a packaged core collection. Estimating this task is
difficult because of the current controversy over Constitutionzl and
statutory copyright law as it now exists. The controversy has stemmed
from advances in reprography technology over the iast 20 years which
have resulted in a proliferztion of conveniert and inexpensive copying
devices. On one side stand the creators and publishers, who view the
casual, low-cost copying made possible by these machines as a viola-
tion of their rights ard a misinterpretation of the concept of 'fair use"'
(a concept which, furdaumentally, provides for limited reproducticr of
copyrighted materials for educational and research purposes). On ike

A-34




other side stand the equipment manufactur#rs and other concerned in-
dividuals who 2re interesi=d in advancing the cause of research and .
the state of the art of information storage and retrieval (and, in the
case of the manufacturers, celling their products).

Out of these differences has come the effort, still underway, to
reexamine varicus aspects of copyright and 45 amend the statutes as
necessary. For all mediz the issue is onc of property and a fair re-
turn thcrefrons. How does one define "“fzur return® when the market
is unknown, as is the case with fiche a2 the reductions considersd in
this study? Reprint royaltics in the publishing industry are at levels
dictated, at least in part, by the nacure of the subsidiary market.

Two cases are evideri. In one, tne original publisher feels that he
has exhausted the mzrket o which his business is directed and he
grants repriat rights to anoth:r publisher who wishes to undertake the
risks of exploring the demané for a new edition. In this case, the sub-
sidizzy market is seen as small or uncertzin, a price of £10.00 or
riore may be proposed for the reprint, and the original publisher ac-
cepts a royalty of 16-15% in the face of the conservative market es-
timate but relatively higa price. In the second case, he extends re-
print rights to a mass-market publisher and accepts rcyzlties as low
as 4% on a low selling price against the prospect of volume sales.

The cere-coilection bock in fiche fits neither circumsiance.
Because the books in the collection will t~nd tc be of recent date, raany
of them will still be active in the original publisher’s market. Nor
can it ke assumed that the academic libraries of tie nation constitute
a high-volume market. Will 4% serve where the price is low and the
volume small? The publisher who sees in each saie of a fiche a book
left unsold on his shelves may se2k a return that will offset this lost
sale. A publishing executive (while pointing out that actual royalties
would have to be determined by negotiation) offered his persona: view
tkst the minimum acceptable royalty would be 25% of the original
publisher’s list price, running up to 33. 3%. 1 But this would be a
burden unacceptable to the microform publisher. Perhaps a more
tenable solution would be the development within the industry of for-
mulas that consider the current volumes of sale, the date of the
original copyright, and the projected number of sales in the new for-
mat. In absolute terms, it would appear that a reprint in fiche could
not support a royalty greater than $1.00 and remain viable ia the mar-

ketplace.

lLacy, Dan M., in correspondence with the authors. Mr. Lacy
is a senior vice-president of McGraw-Hill Book Company and former
managing director of the American Book Publishers Council. The
views expressed in his letter are his own and not necessarily those of

McGraw-Hill.
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it would be useful to estimate the highest amournt a fiche pub-
lisher could expect to pay for rights. If, as wac stated earlier, the
fiche core colleciicn will be similar in content and scope to the collec-
tion sisted in Books for Coliege Libraries,l one can infer that iz per-
centage of titles with active copyrights will be about the same for both.
A random sample of titiez in the ALA list showea that roughly 80%
were published recently enough foxr their copyright to be active (no at-
tempt was made to ectimate the renewal of older copyrights). A
figure of 80% translates to about 15,000 titles (in the fiche colléection},
which would require royalty payments--thus using the upper ($1.00)
estimate of acceptable royalties, $16,000 for every collectior sold.

We hkave not built this cost into our projeciions of incremental
costs because of the uncertainties we have expressed about copyright
legislation and about acceptable ievels of payment. We have, how-
ever, listed nossible copyright costs in a separate section of our pro-
jections to provide some insight inte the magnitude of copyright pay-
ments, as related to other project costs.

Functions and Tasxs

In the development of a core collection in fiche, five caiegories
of tasks must be onsidered. They include editorial tasks, copyright
investigation, bitliographic developmnent, production, and distribution.
The estimated time for development of the collection, from initial plan-~
ning and hiring of staff to delivery of the first collection, it assumed
to be approximately two years.

Each of the five task categories is discussed briefiy belcw:

Editorial Tasks. The principal tasks (in order, over time) in-
clude the appointment of an advisory board, and hiring an editor-in-
chief and an editorial staff to conduct the projeci. Policies, goals,
procedures will be established. Subject-area specialists will be selec-~
ted to assist in the title nomination and selection process. Title nom-
inativzs will be obtained from the editors, advisory board, subject-
area speciaiists and source lists, and wili ke placed on magnetic tape.
A computer program will allocate titles to each specialist for review
and evaluation. Preferred editioiz and translations will be identifica
in the process. The list of seiected titles wiil be prurcd ic an addi-
tional review and evaluaticn by the subjeci-area specialists. Final
selection of the title list will be approved by iiic editors and adviscry
board. After seiection, sources for copies of the tities will be located

“oigt, Melvin J. and Treyz..Josepk H..{ed.), Books for
College Libraries, Chicago: American Library Asscciation, 1967,
1,056 pp.
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and arrangements wiil be mace to procure the copies for filming. For
books in print, an economically advantageous fiiming crrangement
" would rosult if publishers were to provide copies that could be cut
i apart. This would doubtless be a provision of aay royalty agrcements.
Jt 3s assumed that a Iarge portion of ths titles noi obfained in this
fachion can be filmed, Zatact. at the Library oi Congress; the remain-
ing tifles will require arrangemes?s with other Iibraries. A computer
program will he developed to determine the optimu=n arrangement of
titles on the fiche, seeking to mizimize fae usc of Ilm while preserv-
jng established bibliographic groupings. This pregram will be in-
tegrated later with 2 computer program prepared by the producticn
staff to determine camera settings 2z4 the sequence of photography.

Copyright Investigation. A committee will be appointed o in-
vestigate the copyright issue, and a copyright director will be hired.
With a supporting staff, the director will determdine the copyright
status of titles and negotiate permissions for reproduction. Earlier,
it was pointed out that at least 80% (16,000 titles) of th2 collection is
likely to be in active copyright. This gives some idea of the magni-
tude of the copyright director’s task. Even if the percentage of active
copyrights wexc as low as 50%, the number of titles affected would

E still be 10,000.

g Ribliographic Development. A chiei hibliographer and a staff

! of assistant bibliographers and catalogers will be hired. Goals, poli-

: cies, and procedures which wiil govern the creaticn of bibiiographic
tools will be established. Wherever possible, LC cards wili be sb-

: tained. Modifications and additicns will be made to the LG cards, and
?’ new cards will be made for titles without L.C idexniification. Computer
’ files will be kept for all bibliographic =tz 2nd 5 program will be dev-
eloped to make and correct entries and to print out catalog cards. In-
ternal fiche indexes will be prepared as camerz-ready copy, according
to production specificaticns. These indexes wiil be delivered to tne

: micrsiiimers and the catalog cards will be delivered to the book catalog
B publishers for processing and production.

bemor dambife b

o S

Production. It i3 esscntial that the production process be well
planned and coordinated. A production coordinator will be hired and
will work with the fiche and equipment manufacturers and the book cat-
1t alog publisher to design =2nd implement a system permitting an orderly

? fiow of documents thiroughout the production process. This may be
o done with the aid of existing computer programs adapted to the unique
requirements of this project. A programmer will establish a m=ster
| control list once the tities have been selected. Under the supexvision
of the production coordinator, the fiche manufacturer will exzmine
and calibrate each volume according o size, number of pagzs, con-
trast, type fonts, and kinds of illustrations. Document spzcifications
will be submitted to a programmer, who will prepare a srogram to de-
termine {:e camera setting suitable for each docurnent. This program
will be integrated with that prepared by the editorial staff for arrange-
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ment of dccumests on fiche. A final proeram wiil yield a printout of
camerz schedules governing the sequeace oi document photography and
the camera setitings, as well as the final arrangeateat of e documents
on the fiche.

Material wiil be filmed aud inspected for guality; disqualified
pages v:ill be rephotographed. We have assumed a two-step process.
Test prints will be run off from the master; prints will be inspected
for quality and disqualified masters will be reshot. Dissemination
prints will be produced to meet the distribution requirements.

Distribution. The package concept will require a sizeabls pub-
lic relations effort: first, because it involves change; secsad, because
of the iibrarian’s past experience with microferis, which bas been
burdened with psor materials and machines and with a diversity of in-
compatible systems; and finally, because it imposes upon fne librari-
an's prercgazives of selecting and cataioging titles for his library.

This last is a formidabie objection to overcome--yet, the answer
to it may lie withiu the core collection concept itself. William Kurth
of Washingion Uriversiiy has proposed such an answer: A list of H-
tles cnosen by a panel of experts provides not only more evenly ba-
larced but more economical selection. Very few institutions can
bring expertise to bear in all subject areas. The chances are extreme-
1y high that a panel of experts. .. can do this better. Economically,
the college stands to gain becaixse it can deploy its 'selection forces!
to more purposeful tasks....”

Thus, distribution efforts will consist of publicity, customer
seminars, trainirg programs for library personnel and patrons, and
programs to help coiicges develop funding sources to meet the cost of
the collection.

Scheduling and Staffing

The length of time required to develop the packaged core collec-
tion is assumed to be two years. Distribution activities and produc-
tion coordination {at a decreased level of effort) will continue for at
least another year, and beyond that fc: 2s long as demand warzsts.
Table VI shiows staffing requirements over a three-year period and
Table VII shows staff salar:es.

Mechznical Reader and Space Requirements

The implementation of a collection in fiche requires the instalila-
tion of mechanical readers. There has been little research to date in
the area of user reading patterns inside the library, particularly as

1.
Private correspondence.
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Job Classification Salarz

Director ----cccececccccccccnnccccans $30, 000
Execuiive Editor . .- .. cccceenn... >... 20,000
Assistant Editor ......... .. . ...... 10,900
Idbrarian .....cc0ceeeeneereecanan. - 9, 000
Copyright Director ................... 20, 000
Editorial Research Assistant.......... 7,000
Production Coordinator............... 17,000
Chief Bibliographer .................. 17,000
Bibliographer......... >ececccccceanas 9, 009
Cataloger .....ccccceiinnnnannnnn... : 8,000
Computer Pfogzrammer.......c....... 14, 009
Keyboard ......... . seee. 5,000
Controller........c...e oo, ,-- 15,000
Office Manager .......cccceceeeneen.. 9, 000
Library Placement Director .......... 17,000
Publicity Assistant ...........c...... 8,000
Secretary coveeeennnnnneeennnnnnsann. 6, 00G
Clerk-Typist ........... tessesasenarn 5, 000
Customer Trainer ...........c.c...... 12, 000

TABLE VII,. STAFF SALARIES




they relate to microfczm usage. How shall an estimate be made of the
number of machines required for a core collection in a medium untried
in the academic library?

A hypothetical college library possessing 2G, 000 books has beern
assumed as a model. The purchase cf a core collection of 20,000 ti-
fies in fiche would double the library's holdings. It is also assumed
that the model library serves as a student body of 609.

One apprcach to estimating reader requirements for a core col-
lection is to examine student reading habits. If these habiis can be
characterized in terms of books, then conclusions about them may be
applied to a fiche system. This approach builds upon the findings of
the Denver Research Institute, where students demonstrated that
reading speed and comprehension were the same for both books and
fiche. This was true for all reduction ratios tested.

An investigaticn of student study habits, conducted 5y John Con-
don, 1 provides a clue to reader requirements. In hiis survey of five
junior colleges, Condon found that the full-time trznsfer student ("'a
student enrolled for twelve or more units of work in an academic pro-
gram with transfer credits to 2 four year institution') spent approxi-
mately 21 hours a week studying. CTondon also determined that two of
these hours were spent rzading material from the library collection.
Since our rnodel assumes, first, that the library contains equzl amounts
of books and fiche znd, second, that these media are used equally, it
can be assumed that each student will spend one hour per week reading
library fiche. Again, referring to the model, if there are 600 students
using the library, fiche will be used 600 hours a week. How many
mechanical readers are needed to satisfy this demand?

Let it be assumed that the campus library is open 14 hours a day,
six days a week. If students using the reading equipment come to the
library on a random basis, seven fiche readers will satisfy the demand?

600 hours/week of fiche reader demand

84 hours/week of library access

7 fiche readers needed when library is cpen.

However, students dc not go tc the library on a random basis.

There are peak periods and slow periods of student use. In addition,
the above proiection does not take into account faculty and other non-

IStudx Habits and Perceptions of Desirable Study Space by
California Community College Studernits. a doctoral dissertation,
Stanford University, School of Education, 1966, 280 pp.
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student r2ading demands. To accommodate these additional demxrands,
it is assumed here that 50% more fiche readers will be needed--thus,
a total of 11 readers.

Hard-copy r<grint ueeds will require reader-printer facilities.
Many academic libraries are able to handle their present hard-copy
demands with one reader-printer. However, an hourly average of
seven patrons reading ficii€ 35 Ligh rclative fo meost current library
situations and will create a steady demand for copying facilities. Two
reader-printers would be more reasonatle under these conditions.
Quening dvring peak periods will be alleviated and should one reader

malfenction, the cther will be svailable.

The assumpticns 2nd the equ.*.at:ion1 used in this argument can be
erapioyed to plot minimun reader requirements for a sample of libra-
ries, as shown in Figure 5.2 The testimony of Figure 5 and the con-
clusions in the preceding paragraphs must be adiusicd in cases where
student patterns of library use differ frcm those reported by Condon,
where the library hours differ from the 14-hour schedule described
above, where experience demonstrates that peak loads call for less
than or more than 50% more readers, and where the collection of ma-
terials on fiche incurs usage not characteristic of the library's col-
Ilection as a whole. One can intuit that a core collecticn, by defini-
tion, will enjoy neavier usage thar a collection in a given subject 2rea,
especially an esoteric one. INo attem:pt to predict such effects has
been made.

Space requirements for mechanical readers and reader-printers
must also be estimated. Recent literature recommends 40 sq.ft. per

1 . .- .
The equation for minimum reader need, a2ssuming level demand
throughout the day:

fiche vols.

1
total vols. x enrollment x2 + 84

need =

where 2 is the time in hours that a student spends with library ma-
terials each week, and 84 is the nummber of nours that the library is
open weekly. Since the holdings shown in Figure 5 are actuals, nct
adjusted upward by 20, 000 volumes in fiche, the reader-need curves
derived from this equation have been adjusted downward by 20, 000
volumes.

2’1’ he library data in Figure 5 represent a 5% sample of the
1, 891 institutions listed in the American Library Association, Librzry
Statistics of Colleges and Universities, 1965-66 Institutional Dats,
op. cit., 10-84.
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reading station. ! Using this figure, the total floor space required for
13 reading stations will be 520 sq.ft. Tie annual cost of such space
would be $1, 404 in accord with the estimates developed earlier at the
end of the section on the single-title model. The cost of a high-reduc-
tion reader (100-150X) is estimated to average about $4606; the cost

of a low-reduction reader (40X) is estimated to average about $120.
These figures include the cost of service and maintenance for five
years. Reader-printers vary widely in cost, d:pending on specifica-
tions and reduction ratio. The top appears to be about $1,50C, the
low about $300.

Cautions about the estimates offered in tkis section on readers
cannot be too strongly expressed. Cne reviewer of these paragraphs
voiced the feeling that the Condon report of student time spent wita
library materials (two hours weekly) was far too ioW ioci four-yeiusr
colleges or universiiies, especially the more demanding ones. A ma-
jor change in this dimension woula greatly affect the system-life costs
estimated at the end of this chapter. On the other hand, some offset-
ting factors can be noted. For one, the reader replacement schedules
used in the cost estimates to follow call for all readers to Le replaced
every five years. It is doubtful if that rate would be observed in fact.
Another point concerns the private ownership (or lease) of readsrs by
faculty and students. If fiche are to become a major form of publica-
tion, the possession of readers cannot be limited to the library. The
low-cost, personal reader must become commonplace or: the campus
and be put to a variety of instructional uses. This will lower the re-
quirement on the library to provide readers and will spread reader
costs over a greater number of learning/teaching programs, not just
those that require or encourage the use of library fiche. Finally,
one's judgment of all these matters must be tempered by the accelera-
ting rate of change in reader design and by the probability that a
greaily increased market for readers would introduce new economies
of scale irto their manufacture.

Economic Analysis

The costs of producing a core collection in fiche may be divided
into fixed and incremental costs. The fixed costs are a function of tke
decision to publish a coliection of a given size, containing given ma-
terials; except for fiche masters, the fixed costs are independent of
the reduction ratio used. The incremental costs are 2 function of the
number of sets published. As the number of sets goes up, incremen-
tal costs become a kigher and higher proportion of total project costs.

1Weber, D, C., "Design for a Microtext Reading-Room, '
UNESCO Bulletin, Vol. 29, July 1968, 303-309. Also, see Metcalf,
K. D., Planning Academic and Research Library Buildings, New
York: McGraw-Hill, 1965, 112.
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Incremental Costs. There are two types of incremental! costs.
The first is the cost of laminzted ficke copies for each package. The
number of fiche required for a package and their cost varies with re-
duction ratio. This information is shown in Table IV, above. Incre-
mental costs of fiche for each hypothetical market are shown in Tabie
VI

The “econd type of iacremental expense comprises the costs of
paper, binding, and press running time for the book catalog. The
price of paper was estimated o be $2.00 per volume ($12,00 per set);
binding costs were estimated at $4.50 per volume {$27.00 per set).
This totals $39.00 per set for paper and binding alone. Since it is
assumed that the boek catalog will be subcontracted, the $39.00 figure
was increased to $43.00 to permit a 109: profit. Press speed for a
35 x 45 offset, one-color, perfecting press {a press that prints on both
sides of a sheet at one time) was estimated at 9,000 pages per hour
(16 pages at a time), at an hourly rate of $60.00. For a book catalog
of 5,700 pages, press running time would cost $338.00. Total incre-
mental cost for ene book catalog i» $81.00. The sum of these incre-
mental costs for book catalog production (assuming three copies per
package) are shown in Table VIII. Total incremental costs are alsc
given ir Table VIIL.

: Fixed Costs. Table IX shows fixed costs in three categories:
development 2xpenses, administration and overhead, and distribution
expenses. All salaries were determined from the staffing schedales
and salary schedule shown in Tables VI and VII. Employee benefits
aad taxes (Items A. 10, B.2, and C. 3) were estimated at 25% of direct
salaries. Overhead (Item B. 3) was estimated at 30% of the sum of all
direct salaries anad excludes capital investment.

Item A. i, book-catalog presswork, includes composition, page
preparation and platemaking, press setup, and plate changes during
the press run. Composition was estimated at $4. 00 per page; page
setup and platemaking were estimated at $1.40 per page. Press setup
and plate changes were estimated at $60 per hour. If it is assumed
that there are 16 pages per press run, that initial press setup takes
one hour, and that each of the succeeding plate changes {356 in num-
ber) takes 3C minutes, a .otal of 179 hours of press time will be re-
quired. This yields a cost of $10, 740 for presswork, $22,840 for
composition, and $7, 994 for page preparation and platemaking--2
total of $41,574.

Itemms A.2.a, A.2.b, A.2.c, and A.2.d represent the cost cf
producing fiche masters at four reduction ratios, respectively. These
estimates were taken from the prices shown earlier in Table IV. The
high estimates were used in order to give a conservative cost picture.

Item A.3 is the estimated cost of producing prototype fiche prior
to the beginning of production. Item A. 4 is zn estimate of the cost of
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A

B‘

Thre=-Year

1971 3572 1973 Tctai
Development Expenses
i. Book Catalog Fresswork — 41,574  ——- 41,573
2a. Tiche Dcwclopment (40 X)° 833,343 - - 833,843
3. Prototype Fiche 10,000 - - 20,2900
4. Computer Terminal Time 8,000 12,000  ——- 29,009
5. Honcraria for Advisors
20 @ $2,000/yr. each 40,0086 - —_— 49,000
200 @ $300 cach &0,000 - - £9, COO
&. Editorial Salaries 162,500 133,250 - 295,750
7. Copyright Director 20,003 ie,609 - 59,500
8. Bibliography Saiaries 153,259 133.308 2 --- 286,750
9. Producticn Salaries 27,5C0 31,600 8,500 67,C00
10. Employee Banefits and Taxes___ 90,312 75,937 2,125 169, 875
11a. 40X 3ubioal 1,405,905 438,261 10,&2= 1.854,79z
2k, Fiche Development (80X) 3,901,290 —_— _— 3,903,200
115, 80 X Subtotal 4,473,262 438,261 19,625 4,922,148
*¥)¢. Fiche Development (115X} 2,390,575 — — 2,390,575
lic. 115X Subtotal 2,962,637 438,261 10,625 3,411,323
¥2d. Fiche Development (150X) 1,898,450 -— - 1, ¥98, 450
114. 150 X Subtotal 2.470,512 438,261 10,625 2,533,398
Administration and Overhead
1. Administraticn Salaries 60,000 54,0660 21,000 135,000
2. Employec Benefits and Taxes 15,000 13,500 5,250 33,750
3. Owerhead 134,475 121,425 37,920 293, 850
4. Subtotal 209,475 188,925 64,200 462, 600
Dis!ribution”Expenses
1. Distridution Salaries 25,000 43,000 27,000 165,000
2. Zmrployee Benefits and Taxes 6,250 10,750 21,250 4i,259
3. Subtotal 31,250 53,750 121,250 206,250
Totais--Fixed Costs
1. 4c¢X 1,646,630 580,936 196,075 2,523,642
2. 80X 4,713,987 630,936 196,075 5,590, 998
3. 115X 1,203,362 680,936 196,075 4, 080,373
4. 150X 2,711,237 680,936 196,075 3,583,248

TABLE 1X, BREAXKDOWN

OF FIXED COSTS FOR

A CORE CCLLECTION IN FICHE

A-47




computer terminal hours for all programming needs connectzd with
the project. Item A.5 irncludes the honoraria paid to Lotk advisory
board members and subject-area specialists.

Tabie X shows fixed cosis of a core-collection package amor-
tized over each of seven hypothetical production runs. The resulting
figures represent a per-unit cost te the publisher. Tabie XI shows
totzl project costs st the varicus production quantities. The amcunts
shown represent the sum ¢f decreasing (amortized} fixed costs aud in-
creasing incremential cests. Table XHI shows the cost, at various pro-
duction runs, of placing a packaged core collection in a college library.
Note that reprint royalties are not included in these costs. in compu-
ting the values shown in Table XII, it has been assumed that the pub-~
lisker of the core coliectior is a nonprofit agency.

Table XIV represents the 50-year system-life costs cf fiche
collections at the four reduction ratios for three hypottetical prcduc-
tion runs. The values used to compute these costs are shown in Table
XIII. It shouid be pointed out that a change ir the numbér of mechani-
cal readers needed will work a major change in the predicted systemn-
life costs. On page 25 of this Appendix, the 50-year system-life cost
for a single book was estimzated at $30.60. When multiplied by 20,000,
the system-life costs for a book colleciion, in terms of the tasks or
functions evalvaied in this study, total $612,000, more than three
times any of the costs shown in Table XV.

Economies of Scale

It should be pointed out that economies of scale have not been
investigated in this study. The values used here have been derived
from published costs ard prices based on a limited manufacturing
experience. As of July 1, 1969, two high-reduction systems (both at
150X) were in commercial operation. 1 Ope employs 8 masters and
the other 38, but the first is updated entirely every two months, while
the second is revised at the rate of five masters every six weeks. In
terms of annual production, the two are similar:

System A System B
Pages filmed (yr.) 129,060 90, 000
Masters produced (yr.} 435 45
Copies produced {yr.) 192,000 144, G2Q
System users £.000 3.200

j‘lBoth are manufactured by National Cash Register Company.

Both are systems for mairtaining parts catalogs, one for ar automobile
manufacturer, the other for a large, retail merchandising firm.
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Royalties $16, 000

Reader space {40 sq.ft. per
unit, 13 units, $2.70 per
sq.it. per year, 50 years): $70,200

386,200

High-reduction readers {$46C per
unit, 11 vnits, replaced 10 times
in 50 years): $50, 602

High-reduction reader-priniers
{$820 per unit, 2 units, replaced
10 times in 50 years): $:6, 000

$66, 600

i.ow-reduction readers ($120 per
unit, 11 units, replaced 10 times
in 50 years): $13,2090

Leow-reduction reader -printers
($400 per unit, 2 units, replaced
10 times in 50 years): $ 8,000

$23,200

TABLE XIII. VALUES USED FOR SYSTEM-LIFE

COSTS IN TABLE XIV
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300 750 2,000
Units Unrnits Units
40X
Fictie and catalogs %$16,430 $12,384 $ 9,281
Royalties and space 86,200 85,200 86,200
Low-reduciion readers 23,20¢ 23,200 23,2090
$125,830  $120,784  $118,681
80X {At HR estimates)
Fiche and catalogs $30,340 $15.160 $14,500
Royalties and space 86,2CC 26,200 86,200
High-reduction readers 66, 600 56, 500 66,600
$183,140 $171,960 $167,300
115X
Fiche and catalogs $19,320 $11,160 $ 7,209
Royalties and space 86, 200 86,200 86,200
High-reduction readers 66, 600 66, 600 66,600
$172,120 $163,960 $160, 005
150X
Fiche and catalogs $15,263 $ 8,065 $ 5,075
Royalties and space 86,200 86,200 86,200
High-reduction readers 66, 600 656,690 606, 660
$168,063  $160,865  $157,875

TABLE X1V, FIFTY-YEAR SYSTEM-LIFE COSTS TO A LIBEARY
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In System A, not ail users receive copies of ali masters; we
have estimated the average disseminaiion to be 4,000 copies. In
~ terms of the number of fiche copies made from a given master, these
-.systems provide experience that compares wiil: the 3, 000-unit prodiic-
tion runs used as the upper value in the study model. Thus some rele-
vance attaches to the fact that the manufacturer has published a price
of $1. 00 per duplicate fiche, "regardless of quantity."

On the other hand, the study model provides for a total produc=
tion (a.ssummg 3,000 copies of sach master) that ranges from 116.6
million fiche at 40X down to 10. 1 million at 150X. This differs con-
spicuously from the annual production cf 336,000 fiche for the two
existing systems, taken together. Even at 1 C30 copies, the pro@uc-
tion of 15CX fiche for the core coilection would differ from that oi the
existing systems by more than an order of magnitude. Production
economies and lower prices to the publisher presumably would result
from such differences, arising out of increased experience, out of
the more efficiert use of personnel and facilities, and out of volume
purchases of materials.

This same manufacturer quotes prices for fiche masters with no
adjustments for quantityy. But here again, the difference-~fewer than
100 masters {annually) in one case against 3, 375 to 38, 881, in the
other--suggests that economies of scale not established in this study
wcula be operative.

The microfiche-study staff at Denver Research Institute have
asked for a comment on the fiscal implications cf a collection of
50, 000 titles, instead of 20,000. A critical question is whether the
increased production would call for a longer schedule or a larger
capital investment. The first case wculd lower the capital costs per
unit; the second would not, and the manufacturer would be doubly con-
cerned to ask about other applications that would use his facilities,
once the project ended. Unfortunately, a packaged core collection,
with reasonably up-to-date materizls and a fully integrated book cata-
log, calls for speed in its production.

Are these offsetting aspects of a collection of 50,000 titles? If
the microfiche system requires that new materials (film stock, for
instance) be developed, multiplying purchase quantities by 2.5 might
shift the price from that of a special order to that of a standard item.
An increased demand for readers, in connection with a larger body of
filmed materials, could introduce econornies in reader manufacture.
Otherwise, unlike the initial jump to 20,000 titles, this additional step
does not readily suggest significant economies of-scale in the manufac-
turing processes (filming, making masters, producing fiche, and
printing and binding catalogs). That is to say, the costs of those pro-
cesses might well increase by a factor approaching 2.5, barring an
extension of schedules. _
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On the pudblishing side, the mechanisms set up to handle 20, 000
titles would not need to expand 2.5 times to handle 50,000. Table XV
suggests some of the upward adjustments that might be required in the
~osts estimated earlier (Table IX) for 20,000 titles. With those costs
adjusted as shown, and with other manufacturing costs uniformly in-
creased by a factor of 2.5, the per-titlc cost of items in the collection
vrould change, as shown by the examples offered in Table XVI,
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Development Expense No chkange Times 1.5 Times 2.5

Presswork $203,935
Prototype ficke $ 10,900

Computer terrninal 50,000
Honoraria $150,000

Editorial salaries 443, 625

Copyright director 45,000

Bibliography salaries 716,875
Produciion 100,590

Benefits.and taxes :

on salaries above 055 3;22 ;(8)}) $T 6;9: 213
Administration & Overhead %693, 900

Distribution Expense $ 206,250

TOTAL ..... $2,884.085

TABLE XV. FIXED PUBLICATION COSTS FOK 50,000 TITLES

Number of Copies

Collection Size 300 1! 000 3z 00¢
“ 40X
; — 20,000 titles $0. 82 $0.53 $0. 44
50, 000 titles $0. 67 $0.48 $0.43
f 150X
— 20, 000 titles $0.76 $0.34 $0.22
50, 000 titles $0. 61 $0. 30 $0.21

TABLE XVi, SOME COMPARATIVE PER-TITLE COSTS FOR

COLLECTIONS OF 20,000 AND 50,000 TITLES
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SUMMARY AND CONCLUSIONS

This study has investigated the potential economic impact upon
the 2cademic library of high-density micrefiche from the viewpoint of
two models:. The findings can De briefly summarizec:

The Single-Title Model

First, a general observation or two. Books in microfiche at
the reductrion ratios considered in this study offer a small bat clear
cconomic advantage to the library over conventional books. Bat itis
by no means clear that incentives exist for the publishinyg; industry to
employ microfiche as a medium for general, commercial publication--
that is, the publication of single tities in quantities matching those of
books in hard cover or paperback. (The publicaticn of large, inte-
grated packages represents a different case, as wiil be discussed

shortly. )

This may change, cr the statement about incentives may mis-
represent the facts. Potential markets, offering incentives, may
exist outside the library. The presence on 2 number of campuses of
large, packaged collections in high-density microfiche (now being
announced for sale) may encourage the publication of single titles in
the same medium. The economic advantages of microfiche, however
small, mav encourage some number of libraries to request titles in
that form. Wkile perhaps not suited to ail library purposes, fiche
would appear acceptable for titles aimed at a limited audience. If
the library community were tc examine its procedures, goals, and
services ir depth, additional advantages of microfiche might appear,
and this would add to the inarket potential of the mediam.

TEke basic conclusions are these:

1. Only in space-saving did the single-title model of this study.
show a clear advantage over materials in book form. On this one
dimension, the model indicated a system-cost advantage, fiche over
books, of 13-20%. While procedural differences in handling fiche, as
distinct from boocks, can be discerned in selecting, prccessing, and
circulating library materials, the cost diffcrences are subtle and not
easy to establish.

2. The model revealed no clear incentives for the commercial
publication of single titles in fiche.

3. If the pricing practices that now prevail in the publishing
industry are applied to benks in fiche, then the different manufacturin
costs represented by different reduction ratios will not be a factor in
defining a system for gemneral, volume publication in microform. The
manufacturer's price for putting a single, 326-page bock on fiche (and
no riore than one) will range from $1. 25 (high-reduction, 75C copies)
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down to $0.41 (40X, 3,000 copies). Manufacturing costs in this range
are swallowed by other pricing factors.

4. For the library, on the other hand, different reductions pro-
duce different reader costs. Tk> difference between high-reduction
readers and 40X readers (given the price assumptions used in this
model) ;ppears to represent a difference in potential system-life costs
of 8-10%.

‘The Core-Collectior Model

The acquisition of 2 core collection in ficke appears to have
potential advantages for many academic litraries. The attractions
of such a package are diminished cr enhanced by a number of factors:
the reduction ratio and format of the fiche; the organization of the
collection: the size of the market; the avaiiability of low-cost, reli-
able mechanical readers and reader-printers; the degree of willing-
ness on the part of library personnel and gatrons tc embrace a2 new
medium; and the motivation of a publisher to tackle a projectas
complex and massive as the publication of a core collection in a new
medium. As these factors vary, so does the feasibility of the

collection.

We can infer that some configurations of these parameters will
prove favorable to the acceptance and success of suck a venture. Yet
at least two crucial issues remain uncertain at this time. The first
is the copyright issue. As was noted above, one can only speculate
on the nature of future legislation. The second is the task of .orming
a coaliticn of publishers who are interested in contributing their
materials, and then negotiating an arrangement which is both agree-
abie and profitable to them.

Assuming that these issues can be resolved in such a way as to
encourage the developm.znt of a collection in microfiche, let us draw
some conclusions from the material presented.

1. As the size of the market increases, fiche costs become an
increasingly important investment consideration, particularly at the
lower reduction ratios.

2. 20X appears to be the least attractive economically of all
the reduction ratios studied, though there are indications that the state
of the art is advancing to 2 point where fiche produced at 80X and
other "mid-range" ratios are becoming less expensive.

3. Although total project costs to the publisher and unit price
to the library appear to be most attractive at the high reduction ratios,
particularly in combinatior with a iarge market, more research needs
to be done on the problems of retrieval and queuing that may arise
from placing several titles on each fiche.
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4. Fifty-year system-life costs of collections at every reduction
ratio studied are less tkan one-third the costs (for market sizes oi
300, 750, and 2, 000) associated with a book coliection of equal size.
(This assumes nonprofit operation on the part of the ficke publisher.)

o

s

yc
o ey §
i

R

Lo

o A-59




REFERENCEST

American Library Association, Library Staiizics of Calleges and
Universities. 1965-66 Institutional Data, Chicagc, lllinois, 1967,
234 pp.

Bryant E, C., et al., Livrary Cost Mocdeis: Owning Versus Borrow-
ing Serial Publications, Bethesda, McG., Westat Research, “Inc.,
April 1968, 141 pp.

#Climbing Book L.osses Sink Honor System, " Library Journal,
November i, 1968, 4086.

Condon, J. T., Study Habits and Perceptions of Desirable Study Space
by California Community College Students, a doctoral dissertation,
Stanford University, Schooi of Education, 1966 280 pp.

Coqui, {pseudorym) *Selecting the Retail Price, " Publisher’s Weekly,
April 1, 1968, 15-17.

Demuofsky, T. 3., "Why Technical Books Cost What They Do, "'
Physics Tcday, March 1966, 65-67.

Fasana, P. J. and Faii, J. E.; "Processing Costs for Service Mono-
graphs in the Columbia University Librarics, ¥ Librarv Resources
and Technical Services, Vol. 2, No. 1, Winter 1967, 97-115.

Fussler, H, H., and Simon, J. L., Patterns in the Use of Books in
Large Research Libraries, Chicago, Ill., The University of Chi-
cago Library, 1961, 283 pp.

Hawken, W. R., "Microform Standardizatior: The Problem cf Re-
search Materials and a Proposed Solution, ' NMA Journal, Vol. 2,
No. 1, Fall, 1968, 14-27.

Johnson, Pike, "The Trade Paperback, " in Grannis, Chandler B. (ed.),
What Happens in Bock Publishing, INew York, Columibia University
Press, 1967, 389 -395. c

‘The working bibliography for this appendix {203 items relating
to library costs and operations, to the publisking and printing indus-
tries and the book trade, and to microform t:chnology) can be obtained
on request from: TECHNOMICS, Inc.

1455 - 1Gth Street
Santa Monica, Calif. 90262

A-60




Kurth, William H., "Costs of Processing, " an unpublished preliminary
draft of Chapter 6 iz Turner, Edward F., (principal investigator).
A Study of the Implications of Moéern Techrology for Small College
Libraries, in preparation fcr the U.S. Office of Education (Proiect
No. 7-0910, Grant No. OECG-1-7-070910-3706).

e X4

Lacy, Dan M., “*The Economics of 1iching. " Bock Prcduction
Magazine, Aprii 1953, 58-61, May 1953, 62-64.

Lister, W. C., Least Cost Decisior Rules for the Selection of Library
Materials for Compact Storage, Lafayette, Ind., Purdue University,
1967, 2t1 pp.

Meier, R, L., Social Changes in Commeunications-Criented Institu-
tions, Report No. iC, Mental Health Research Institute, University
of Michigan, Ann Arbor, March 15631, 11-56.

Metcalf, X, D., Planning Academic and Research Library Buildings,
New York, McGraw-Hill, 1965, 431 pp.

9,050 Yolumes Stolen from Stacks of Five Washington, D.C,,
University Libraries, ' Library Journal, October 1, 1966, 4609.

Quain, E, A., "What It Costs to Make a Book: Can the Schoiarly
Book Pay Its Way?", Book Production Magazine, January 1962,
42-43,

Quatman; G. L., The Cost of Providing Services to Groups in the
Purdue University Community--1961, Lafayette, Ind., Purdue
University Libraries, June 1962, 58 pp.

Roberts, Matt, "Guards; Turnstiles, Electronic Devices, and the
Illusion of Security, ' Coiiege & Research Libraries, July 1968,
259-275.

Simcn, Kenneth, Projections of Educational Statistics to 1977-78,
Washington, D.C., U.S, Department of Health, Education, and
Welfare, 1969, 139 pg.

Steckler, Phyliis B. {ed.), Bowker Annual of Library and Book Trade
information, New York, N.Y., R. R. Bowker Go. sponsored by
Council of National Library Assecciations, 1964, 1967, 1968.

Veaner, A. B.. "The Crisis in Micropublication, * Choice, June 1568,
448-253, July 1968, 739-744,

Ver Hulst, Jack, "An Approach te the Development of a Large Volume

3] ATr s

Microform Dissemination Library System, ¥ NMA Journai, Spring,
1969, 1ii-Z.

A-61

]
]
;

Ll i g g

So et bl y




Voigt, Melvin J. and Treyz, Joseph H. {ed.}, Books for College
Libraries, Chicago, American Library Association, 1967,
1,956 pp.

Weber, ©.C., "Design for a Microtext Reading-Room, " GNESCO
Bulletin, Vol. 29, July 1968, 303-309.

A-62




APFPENDIX B

STUDENT READING CHARACTERISTICS: COMPARING
SKILL-LEVELS DEMONSTRATED ON HARDCOPY
AND MICROFORM PRESENTATIONS

INTRODUGCTION

The technology which permits 3000 pages of printed material tc
be reproduced on 2 4 X 6-inch film card, initially was explored with
respect to its impact upon the needs of colleges and universities, by
asking “Tc what extent are the reading skills of the student pre=2zvia
when utilizing microform presentations?” The technology suggests that
large holdings. rcguiring small storage space, might be made avail -
abie at relatively small cost to existing libraries as well as newer
educational institutions, ;f the communication of information is not
ijmy...sred by use of microimages rather than hardcopy. It was believed
that the question posed must be answered fizst, before considering
specific characteristics of ultrafiche, or any other microform, or
before consideration of 2 microform system particularly responsive
to education requirements. If the medium were useable in the communica-
tion of ideas, and informationtransfer were not impaired by interposing
the machine link into the communications chain, then by examining the
needs and capabilities of the undergraduate user, within the limitations
imposed by the area of appliczaticn and the technology itself, a sound
basis might be established for the introduction of ultrafiche into the

educationral field.

The main areas for research initially identified included: (1) de-
velopment of the economic implications of uitrafiche systems, (2) a
determination of the range of library materials (physical charzcteris-
tics) that couid be successfully presented on ultrafiche. (3) an a2nalysis
of reader (machine) characteristics in terms of user preference and
performance, and (4) the design of educational information systems
based on ultrafiche. These areas cf research would have impact, how-
ever, only if it were demonstrated thai machine presentations of
educational material could be utilized by ti:e student to an extent con-
sistent with his use of hardcopy materizls. The first step, then, was
to determine if the medium was appropriate to the intended use; this

determination was the objective of the experimentation described here.




THE PROBLEM

in addition o 2 concern as to the effectiveness or efficiency of
communication across the man-machine interfacz, the question of
reduction ratio intrudes. This added consideration stems from the
technicai implications of high reduction i-atios. Present microform
systems operate primarily in the range of 18x to 24x while the ultra-
fiche system (as defined for purposes of this study) ranges from 40x
to 150x. The image area on the fiim card, corresponding to the high
reduction interval. ramzccs £35fus 4 to 70U times smaller than that of the
conventional microforms; thus, the possibility of user performance
variations as a function of reduction ratic itseif had to be studied. In
a limiting view, the amount of information that can be retained in the
microimage is proportional to the azz2 of the image. film and optical
resolution being constant. In the absence of informarion to the contrary,
the periormance level of a student was assumed to be dependent on the
quality of the presentation; since the quaiity of the microimage essential
te that preseniation is dependeni on the amount of reduction, reduction
ratio was 2ccepted 2s one of the independent variables ir the study.

A review of the literature for significant previous studies rela-
tive to evaluating performance using microform presentations was
unrew2rding. The principal contributions to 2xperience in this area
flow from commercial applications which have little in common with an
educationai application. Specifically, the important differences can be
seen in the users themselves, the nature of the information, and the
conditions surrounding the use of the information. The nature of the
information is a point of critical difference. In the commercial
application, the transaction across the man-machine intexface is
*search" orientated, with data retrival as the usual objective. The
educational application ernphasizes the communicatien of the subtle and
the abstract through an extended transaction. This dichotomy sug-
gested that descriptive materials, in monographic form, and reflecting
two levels of difficulty, would be appropriate for the information base
of the study since performarce and presentation quality might interact
differently in response to the varying demands made on the user by a
variation in the difficulty of the reading materials. Thus, material
difficulty was accepted as the second independent variable for the study.

The third variable was, of course, the students themseives.
Freshmen and sophomore students in the College of Arts and Sciences¥*

*At the University of Denver

B-2




— —

were used in the study in exder to characterize the largest general
population of college students ard to minimize the encounters with
students having previous microform experience, speed reading train-
ing. or specialized knowledge.

CONSIDERATIONS IN THE EXPERIMENTAL DESIGN
The study was predicated on the following factors:

1. Readers, as received from the manefacturers, were suit-
able for the study.

2. Materials in an initial format that is considered highly
readable {1)*could be supplied to the manufacturers, and fiche could
be obtained having reducticns of 38x, 100x and 150x, nominally.

3. A parallel study could be executed, using the input docu-
mentation in hardcopy form. which would serve as a basis for
performance comparisons.

4. Performance could be defined in terms of reading rate and
comprehension level for monographs of approximately 600 words 2ach
(one page hardcopy; one frame on a fishe; no machine maznipulation
réguired).

5. The tesi materials would be 18 behaviorally differantiated
articles: nine articles characierized as "difficuit”* by a behavicral
response of low reading rate, low comprehession: nine articles
characterized as “easy™ by the behavioral response of high reading
rate, high comprehtension.

The controiled factors affecting the presentations were:

Fiche Readers and Environment
type size screen angle
tvpe face screen specular reflections
ieading ambient illumination
TOW spacing internal illumination
page size
(width) machine noise level 2nd position

Performance response to the two discrete groups of material
was expected to evidence one of three patterns which would gain addi-
tionai dimension when comparead with the hardcopy results.

* See references at end of Appendix.
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1. No degeneration of performance response would occur for
either the “easy™ or "difficult” materiai; this would be interpreted to
indicate that there are no critical points of discontinuity in the reduc-
tion function of ultrafiche.

2. Performance responses to both *difficuit" and “easy*
material would degenerate at some critical point within the reduction
function.

3. The performance response to the “difficult” material would
degencrate while the *easy" material would give a base rate of
response.

MATERIAL SELECTICN

The key to the stccess of the study lay in the identification of
suitable monographs. A pilot study was undertaken to obtain informa-
tion on the range of means and deviations for both reading rate and
comprehension level that cozld be expected for a student when reading
short monographic materiai in hardcopy form. In addition, it was
anticipated that the pilot study would comment significantly on the
nature of the material, and particularly on whether or not the appro-
priate number of differentiatzd articles could be identified by repetition
of the pilot procedure. These differentiated articies would then be
committed to a format suitable for experimentaiion.

The specific purposes of the pilot study were (1) to differentiate
two discrete ends of a "difficulty” continuum of the material by behav-
iczal response measures, (2) to establish whether or not reading rate and
comprehension level for the same article were positively or negatively
correlatued, and{3} to obtain profiles on each article for central tendency,
variability, and correlation coefficients for reading rate and comprehen-
sion level. The pilot study proposed to explore the above parameters and
proposed that the following relationships would be estabiished, i-e., that
certain discernible patterns of interaction would occur predictably:

1. Significant relationships would be found between articles which
appeared at the two ends of the difficulty spectrum.

2. The relationships would differentiate two major groups:
Low Reading Rate-Low Comprehension, a2nd High Reading Rate-High
Comprehension.




In addition to the above, it was necessary to determine the
central tendency and variability for subjects over the two discrete
groups of articles which evolved from the pilot, and to determine
whether or not there were cxperimental effects such as learning or
fatigue over time. These results were needed to establish the opti-
mum number of subjects and number of presentations for each ceii of
the experimental design.

The subjects were eight students from the University of Denver
wheo had indicated willingness through the University Job Placement
Center to participate in this study. The expexrimental articles (selected
from material used in a reading improvement course given by the
University) were administered to the respondents in random order.
Data were obtained on a total of 40 variables for each subject; these
consisted of 20 measures of reading rate and 20 corresponding
measures of comprehension level.

The pilot data indicated that the articles represented in this
study could be behaviorally differentiated and that some articles from
the far ends oif the distribution tended to cluster together and were
significantly correiated.

Table B-1 is a profile for articles selected from the two
discrete ends of the distribution and gives an indication that articles
which ciuster together in central <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>