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The literature of formula allocation has several central themes which the matrix 
formula described here addresses. Most important, formulas have almost uni­
versally failed to provide a mechanism to distribute funds for serials as well as 
books. The matrix formula allocates funds for monographs and serials based on 
disciplinary needs and publishing patterns. It also provides a method for 
determining the variables which best represent institutional goals, normalizing 
them and explicitly determining the percent of funds allocated by the individual 
variable. These features are great advantages in dealing fairly with the difficult 
problems of allocating scarce resources. Finally, the article discusses the appro­
priate limits formulas may have as allocation tools. 

bout ten years ago a colleague 
responded to one of my en­
thusiastic discussions of what I 
will call the matrix formula 

with a comment that "all formulas are to 
a certain extent derivative." It is fair to 
ask why anyone should revisit the topic 
of formula allocation of acquisition funds, 
given the extensive discussion of it in the 
literature. Keeping my colleague's re­
sponse in mind, I believe that gains are 
to be made in the allocation of scarce 
resources if librarians build on earlier 
work and find new ways to reuse what 
has been accomplished. This paper does 
not review the literature of formula allo­
cation, but rather points to examples of 
earlier work that inform the matrix 
formula or to problems that the matrix 
formula arguably resolves. For readers 
who wish to explore past research, the 
review essay by Mary Sellen, published in 
Collection Management, is a fair place to 
start for discussion of what has been 
done. Both Donna Packer's and Fabian A. 

Ehikhamenor' s articles also provide a 
window on the literature of the subject.1 

John Budd and Kay Adams's recent 
study, which involved a survey of .834 
academic libraries (43% return rate), in­
dicates that libraries' use of allocation 
formulas has declined. In the 1940s about 
73% of college libraries indicated a use 
of formulas whereas today only 41% "re­
port using some sort of formulation for 
the allocation of materials resources."2 

Nonetheless, formula allocations are 
clearly going to remain a part of the li­
brary scene, and I believe they are a pref­
erable alternative to leaving things to 
chance, incremental budgeting, or his­
torical precedent, so long as librarians 
understand the specific limitations that 
characterize this budgeting mechanism. 
This is not to say that historical prece­
dent or incremental budgeting fail on all 
counts as funding mechanisms, but that 
they may particularly discriminate against 
disciplines with rapidly changing litera­
tures or newly established curricula and 
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research emphases. For instance, re­
cently there has been a call among psy­
chologists to move toward collection 
use, publication cost, and similar empiri­
cal data as part of the criteria for dis­
tributing acquisition funding, exactly as 
formulas have often done. Some psy­
chologists assert that research libraries 
defend their fund allocations to various 
disciplines by comparing one discipline 
to another. This process effectively bars 
change and places psychology at a dis­
advantage.3 

In collection development libraries 
have numerous objectives that may not 
be adequately addressed by a formula 
approach like the one described here. In 
spite of varied objectives, a formula can 
be useful for allocating part of the 
budget. For instance, at the University of 
Texas at Arlington (UTA) the funds allo­
cated to reference collections, special col­
lections, media, foreign languages, 
documents, and "enrichment" (largely 
retrospective purchases by bibliog­
raphers) all lie outside the formula. Sim­
ilarly, a large research library collecting 
comprehensively in specified subject 
areas may allocate to these areas outside 
of the context of a formula. Yet a small or 
medium-sized academic library may al­
locate effectively a large part of its 
budget through the formula process. At 
UTA in fiscal year 1990-91, 74% of the 
$1,750,000 acquisitions budget was dis­
tributed through the matrix formula. 

On the one hand, the adoption of a 
new formula is often a by-product of 
some budgetary crisis that compels a 
change in materials funding. On the 
other hand, the numerous obstacles to 
the introduction of a formula or to 
changing an existing one are well 
known. Institutional interest group 
politics, the open decision-making 
process practiced in the academy, and 
simple inertia are all forces that have a 
significant role influencing the develop­
ment of formulas. Jasper Schad in the 
late seventies and Donna Packer more 
recently both addressed at length how 
these forces may interact.4 Those who 
benefit from the status quo will not want 
to investigate alternative budgeting 
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mechanisms. However, those who are 
disadvantaged by existing policies may 
assume that nothing will change and 
may not make any effort to abet the 
adoption of a new method. A key prob­
lem, both inside and outside the library, 
is the confusion that inevitably occurs in 
distinguishing between means and 
ends. Everyone wants to begin at the 
end-that is, to know what the formula 
will give them in real dollar terms. The 
natural focus of a particularist's interest 
is selfish. The general good, that is, the 
general ends of equitable distribution of 
limited resources, the balanced growth 
of the collection, and the meeting of bona 
fide instructional or research goals of the 
institution can be lost in this process. 

Several years ago Jasper Schad addressed 
what he termed "justice principles" for 
fairness in allocation of book funds. By 
inference these principles may also be 
applied to serials. "The principle of need 
specifies that funds be distributed ac­
cording to the particular requirements of 
each discipline ... ; the principle of con­
tributions stipulates that funds be ap­
portioned on the basis of the degree to 
which each department serves the insti­
tutional mission ... ; [and] the principle 
of equality affords each recipient an 
equal share, regardless of differences in 
need or output."5 The matrix formula 
can be used to reconcile these competing 
principles. 

Deciding on a formula may itself be a 
daunting undertaking. Rare is the fa­
culty member, or for that matter the 
librarian, who is willing to digest the 
mountain of published literature neces­
sary to developing a comprehensive 
plan that satisfies the general institu­
tional interests. Often the formulas dis­
cussed in the literature are akin to Rube 
Goldberg contraptions, fascinating to 
watch, but overly elaborate means to ends. 
The rule should be to avoid spurious 
sophistication in the development of 
formulas. William E. McGrath, in his 
often quoted article, stated that "formu­
las must make sense. They must be based 
on sound theory backed up by empirical 
data. The difficulty is that no such theory 
has yet been presented."6 I generally find 



more in McGrath's article to agree with 
than not, but to call for a theory of allo­
cation formulas seems to me to miss the 
point. Gary M. Shirk was even more ex­
plicit in his qlll for "A defensible 
theoretical framework that relates objec­
tive variables to the collection's per­
formance in a meaningful way."7 Few 
such attempts at theory building have 
been made. A notable exception is James 
A. Yunker and Carol G. Covey, who at­
tempted to ''build on prior work by 
means of operationalizing the economic 
approach. This requires the specification 
of an explicit hypothesis concerning the 
affect [sic] of library operations on social 
welfare which utilizes measurable di­
mensions of these operations."8 Yunker 
and Covey use a theory of social utility 
as a basis for building a library formula. 

However, I believe that the theory 
called for will never emerge, because al­
location formulas are a mathematical 
means for distributing fiscal resources. 
The belief that there is a theory waiting 
to be found is at best an a priori assump­
tion or at worst a misuse of the generally 
accepted notion of social science theory, 
which is usually an explanatory theoreti­
cal hypothesis such as the "theory of the 
leisure class" or the "quantity theory of 
money." In this sense, theory is no more 
than a generalized explanation of ob­
servable social phenomena. Quantita­
tive empirical verifiability may not even 
be an objective in many cases of social 
science theory. 
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In the strictest sense, allocation formu­
las are-to use T. S. Kuhn's concept­
paradigms that explain the empirical 
basis for distributing library material 
funds. As such, they become tools for 
budget decision making, not hypotheses 
for theory building. Kuhn, a physicist 
and historian of science, used the con­
cept of paradigm to challenge the pre­
dominant conception of the philosophy 
of science, the hypothetico-deductive 
view of Karl Popper, and to forward the 
notion of a "normal science" as it is really 
practiced by scientists. But the concept 
of paradigm was quickly embraced in 
the social sciences and is used here in an 
applied sense. Philosophically speaking, 
a formula qua paradigm is an "artifact 
which can be used as a puzzle-solving 
device; not a metaphysical world view." 
"The paradigm is something which can 
function when the theory is not there."9 

Formulas generally take care of basic 
current needs, not retrospective collec­
tion development. They are difficult to 
apply to some disciplines, such as for­
eign languages, and to interdisciplinary 
departments; they are frequently diffi­
cult to understand without considerable 
study. Two examples from Budd's recent 
article are illustrative of the problem 
(figure 1 and figure 2).10 These formulas 
may be quite adequate. But they require 
considerable study if anyone is to com­
prehend the interrelationships of the 
variables and their net effect on alloca­
tions. This inaccessibility is an obstacle 

FORMULA= [.157446 + .0024(B) + .061(C) + .1979(0) + .0135(E) + .000005(F) 
+ .0003(G) + .0445(H)]/ 1.7 =department percentage 

B = number of undergraduate majors 
C = number of graduate majors 
D = number of FfE faculty in the department . 
E = number of 5-hour courses taught by the department 
F =number of volumes in the library in the specific subject area 
G = number of volumes circulated in the group identified in F 

H =average price as reported in Publislters Weekly 

FIGURE 1 
Figures 1 and 2 are illustrative of the diversity of formulas currently in use and the 
obstacle their complexity presents to ready understanding. 
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Unit Cost 

u=B [sch1(_1Q_} + sch2 (.21L) + sch3
( .21L) + c/.30) + co/.10) + f/.10)] 

SCH1 SCH2 SCH3 \ C \co \ F 

Final calculation 
I 

D = A X u + $1,000 
u 

A= Total nonserial allocation 

B = Bowker average price per volume 

• c = Circulation 

• co = Course offerings 

D = Departmental allocation 

'"f =Faculty 

'"sch =Student credit hours 
1lower division 
2upper division 
3graduate 

·u =Unit cost. 

FIGURE2 

to determining precisely how the formu­
las relate to the collection development 
goals of the library. 

INSTITUTIONAL POLITICS 
AND RESOURCE ALLOCATION 

Whether faculty are deeply involved 
in selection (as they are at UTA) or selec­
tion is totally in the hands of librarian 
bibliographers, decisions must be made 
about the allocation of funds to disciplines. 
This process may be the result of the 
piecemeal accretion of numerous deci­
sions about individual titles or the prior 
allocation of a specific amount of acqui­
sition funds for each discipline. Formu­
las for allocating library materials 
budgets have developed for two pri­
mary reasons. The first, the need to allo­
cate limited resources on a basis of 
equity and need, is commonly under­
stood and broadly discussed in the lit­
erature. The second reason for applying 
a formula is little discussed in the library 
literature. Formulas are extremely use­
ful in solving the political dilemmas of 

unequal resource allocation. No library 
has the unlimited resources needed to 
purchase all the available relevant mate­
rials. It follows that the politics of allo­
cating materials funds is critical to the 
process of dividing resources, whether 
funds are allocated to individual depart­
ments or to subject bibliographers for the 
purpose of collection development. In 
either case, the dynamics of local politics 
play an important, if not dominant, role 
in how funds are allocated. 

Over time, patterns of influence, per­
sonal connection, organization, and his­
torical anomalies combine to influence 
allocation of resources in ways which 
may or may not meet the institutional 
mission of the library. In combating the 
vagaries of these influences, libraries 
have traditionally turned to formulas 
that emphasize the use of "rational" or 
"empirical" variables as a basis for re­
source allocation. Variables include fac­
tors of institutional program size and 
productivity, such as number of faculty 
and students or credit hour production 



and extra-institutional measures like re­
cent price experience in the book and 
journal publishing universe. Compelling 
arguments can be made for the legitimacy 
of such variables as part of an allocation 
formula, but emphasis on them has 
tended to reverse the order in which we 
think about formulas. Discussions in the 
literature rarely proceed from the 
development of a methodological model 
or explanatory paradigm-that is, the 
formula-to the process of deciding what 
variables should be used and where we 
should get data to support them. Often 
this inversion is because we have not 
explicitly and overtly accepted the fact 
that allocation is inherently political in 
nature with a result that variables and 
supporting data which have the highest 
likelihood of acceptance by the institu­
tional units or individuals with a stake in 
the process are accepted. This process means 
that the methodology of the formula itself 
and the relationship of variables to institu­
tional goals are ignored or given insuffi­
cient attention. 

The alternative course suggested here 
is to accept the political component of 
the budgetary allocation process and, ac­
cordingly, to identify a model that is ac­
ceptable to those factions involved in the 
budgetary process. The faculty advisory 
committee, the library's collection 
development group, or whoever else is 
involved in the allocation of funds will 
be better served by a process requiring 
an explicit articulation of the factors that 
will be used in determining distribution 
of fiscal resources. The matrix formula is 
a context for considering the philosophi­
cal case to be made for any variable and 
at the same time knowing with precision 
who gains or loses by its inclusion. 

STRUCfURE OF THE 
MATRIX FORMULA 

The matrix formula is largely the product 
of cooperative efforts between the libraries 
and faculty library committees of four in­
stitutions-University of North Carolina, 
Charlotte; Elon College in North 
Carolina; University of South Alabama; 
and the University of Texas at Arlington. 
These efforts began over fifteen years 
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ago. The formula has been largely evolu­
tionary in its development, and its fea­
tures have been positively influenced by 
the continued scrutiny and discussion of 
librarians and faculty who had a large 
stake in making it work effectively. The 
basic framework of this paradigmatic 
formula is transportable to many institu­
tions, but within the formula each insti­
tution devises variables that fit local 
needs. 

The term matrix was chosen because it 
describes the grid showing each of the 
variables and their distribution among 
the various departments. An early ver­
sion that allocated only book funds to 
departments at Elon College is shown in 
table 1. The variables are fairly obvious 
as is the weighted percent share of each 
variable by the departments. One of the 
consistent mathematical problems with 
formulas is that diverse variables are 
thrown together willy-nilly without 
giving consideration to the fact that they 
are apples and oranges.11 The simple 
mathematical approach to normaliza­
tion is to reduce each variable to a per­
centage of the total for the raw data. For 
instance, the faculty full time equivalent 
(FTE) index and the freshman sophomore 
credit hours (table 2) for thirty-two differ­
ent departments at UTA (1987-88 aca­
demic year) are converted to straight 
percentages and thus become com­
parable. This mathematical operational­
lows any variable to be compared 
arithmetically to any other variable. 

The representation of a variable as a 
normalized percentage is similar to the 
use of the raw-data variable in one very 
important respect. They are both mathe­
matically linear in their effect. The brief 
discussions in our literature do not do 
justice to the topic of tempering variables 
through the use of logarithms.12 The basic 
reason for moving from a linear to a 
logarithmic approach relates to the 
aphorism that "whatcountseasiestshould 
not count most."13 The examples of table 2 
are illustrative of the problem. Several 
departments have extraordinarily high 
productivity levels in freshmen and 
sophomore credit hours. For instance, 
the Departments of English, History, and 
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Mathematics range from 21,000 to more 
than 35,000 credit hours for the year in 
question. A strong case can be made that 
as the number of credit hours generated 
increases, particularly in large classes of 
service courses with many sections, 
there is a diminishing need to provide 
book funds to support credit-hour pro­
duction. Put another way, in the alloca­
tion of acquisition funds, the credit 
hours produced by the first student to 
enroll in a large lecture class should 
count far more than that for the 251st 
student. Figure 3 shows a simple linear 
and logarithmic plot of the same increas­
ing values of 1-10. The logarithmic plot 
dramatically dampens the effect of the 
increase in the size of the number. Figure 
4 illustrates what happens when logs are 
applied to the raw variable of credit­
hour production. Similarly, table 3 
shows the conversion of raw credit-hour 
production to logged data and finally to a 
logged percent. The diminishing effects 
of this conversion on the larger CHP 
numbers are evident when comparing 
the logged to the linear percent.14 

Weighting is the other mathematical 
transformation of variables that should 
be discussed more broadly in the litera­
ture. "In much of the literature there is 
an implicit acceptance of an equal 
weight for each of the variables in the 
formula." 15 Nevertheless, weighting is 
an acceptable technique for modifying 
the base value of variables so that they 
are unequal. Decisions about weights 
determine the extent to which Schad's 
principle of equality will be applied. The 
matrix formula under discussion here 
provides an explicit mechanism for 
weighting each variable, and the weight­
ing is a distinctly understandable measure 
of the percentage of the funds allocated by 
that variable. Table 4 illustrates the 
weighting and the log value given to the 
variables presently in use at the Univer­
sity of Texas at Arlington Libraries. 
These weights and logs emphasize the 
point made earlier, that a formula should 
reflect the collection development goals 
of the institution. The explicit understand­
ing of the effects of any one variable is 
made clear in a matrix formula. For in-
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TABLE2 
ILLUSTRATION OF LINEAR DATA NORMALIZATION 

Faculty FfE Freshman-Sophomore Freshman-Sopro~rore 
Faculty FfE Index Index Linear Credit Hours Credit Hours Linear 

Raw Data Percentage Data Raw Data Percentage Data 

Architecture 43.24 4 5,767 2 

Art 23.34 2 2,553 

Accounting 38.19 4 9,855 4 

Economics 28.80 3 9,948 4 

Finance 29.76 3 207 o · 
Management 29.96 3 6,075 2 

Marketing 19.08 2 0 0 

Systems analysis 38.42 4 5,493 2 

Aerospace 
engineering 22.24 2 3,461 1 

Civil engineering 28.87 3 3,484 

Computer 
science 40.15 4 6,104 2 

Electrical 
engineering 48.78 5 3,830 2 

Industrial 
engineering 14.69 2 0 0 

Mechanical 
engineering 28.08 3 729 0 

Education 16.55 2 650 0 

Communications 30.10 3 11,165 5 

English 48.91 5 26,883 11 

History 33.23 3 20,265 8 

Music 28.54 3 5,820 2 

Philosophy 8.23 3,351 

Physical 
education 21.46 2 11,684 5 

Political science 28.54 3 18,840 8 

Sociology 27.02 3 3,729 2 

Nursing 52.89 5 0 0 

Biology 36.27 4 15,350 6 

Chemistry 35.04 4 10,196 4 

Geology 17.56 2 2,344 1 

Mathematics 55.00 6 34,435 14 

Physics 32.43 3 15,045 6 

Psychology 27.43 3 6,014 2 

Social work 33.46 3 1,038 0 

Urban affairs 9.81 0 0 

Totals 976.07 100% 244 315 100% 
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TABLE3 
ILLUSTRATION OF LOGARITHMIC DATA NORMALIZATION 

Freshman-Sophomore Freshman-Sophomore Freshman-Sophomore Freshman-Sophomore 
Credit Hours Credit Hours Credit Hours Credit Hours Linear 

Raw Data Logged Data Logged Percentage Percentage Data 

Architecture 5,767 0.53 3 2 

Art 2,553 0.31 2 1 

Accounting 9,855 0.70 4 4 

Economics 9,948 0.71 5 4 

Finance 207 0.04 0 0 

Management 6,075 0.54 3 2 

Marketing 0 0.00 f) 0 

Systems analysis 5,493 0.11 3 2 

Aerospace 
engineering 3,461 0.38 2 1 

Civil engineering 3,484 0.38 2 1 

Computer science 6,104 0.54 3 2 

Electrical 
engineering 3,830 0.41 3 2 

Industrial 
engineering 0 0.00 0 0 

Mechanical 
engineering 729 0.11 0 

Education 650 0.10 1 0 

Communications 11,165 0.75 5 5 

English 26,883 1.08 7 11 

History 20,265 0.97 6 8 

Music 5,820 0.53 3 2 

Philosophy 3,351 0.38 2 1 

Physical education 11,684 0.76 5 5 

Political science 18,840 0.94 6 8 

Sociology 3,729 0.40 3 2 

Nursing 0 0.00 0 0 

Biology 15,350 0.86 6 6 

Chemistry 10,196 0.71 5 4 

Geology 2,344 0.29 2 1 

Mathematics 34,435 1.18 8 14 

Physics 15,045 0.85 5 6 

Psychology 6,014 0.54 3 2 

Social work 1,038 0.15 1 0 

Urban affairs 0 0.00 0 0 

Totals 244 315 15.57 100% 100% 
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TABLE4 
UTA LIBRARIES ALLOCATION 

FORMULA VARIABLES 
Logged or 

1988-89 Linear 
Variable Name Weight% Variable 

Faculty FfE Index 10 Linear 

Freshman-
sophomore 
credit hours 1 Logged 

Junior-senior 
credit hours Logged 

Master's credit 
hours 3 Linear 

Doctoral credit 
hours 12 Linear 

Library Use Index 5 Logged 

Graduate degrees 
index 5 Linear 

Undergraduate 
degrees index 3 Logged 

Book cost index 21 Linear 

Serials cost index 21 Linear 

Publications 
index 15 Linear 

External grants 
index 3 Linear 

Total 100 

stance, the emphasis on doctoral and 
postdoctoral work, research, and the ac­
quisition of grants at UTA sums for a 
total of 30% of the formula, that is, 30% 
of the dollars are allocated by these vari­
ables. Moreover, all of these variables are 
linear in the present formula so that they 
have a direct effect on the dollar outcome 
proportional to the individual departmen­
tal share of the variable. 

Another unique feature of the matrix 
formula is the Book/Serial Dependency 
Index. Within the formula it has several 
important functions that help tailor the 
outcomes of the formula to the idiosyn­
cracies of different disciplines, thus ad­
hering to Schad's "principle of need." 
The size and cost of the book and serial 
literature of each discipline frequently 
dominate the discussion of variables that 
should be used in a formula. The use of 
book and serial pricing as a variable will 
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be discussed later, but here it serves a 
distinctive function within the formula. 
Most formulas distribute only mono­
graph allocations to departments. A few 
actually allocate monograph and serial 
funds, but none give direct guidance in 
the individual department allocation 
proportions which should be expended 
on monographs and serials.16 

Recently, Robin B. Devin and Martha 
Kellogg have made the case that the cita­
tion patterns in the literature of each dis­
cipline should be used to establish the 
ratio of monograph/ serial expenditures. 
Devin and Kellogg fall into the logical 
fallacy pro hoc, propter hoc-putting the 
effect before the cause.17 Distributing 
material funds based on citation studies 
will not produce those same citation pat­
terns. It may well disturb the collection 
patterns that led to the citation propor­
tions. Distributing departmental funds in 
proportion to the total monetary value of 
book and serial publications in each dis­
cipline-as does the matrix formula­
seems more empirically sound, as well 
as logically consistent. 

The effects of the Book/Serial De­
pendency Index are demonstrated in 
table 5 (see pages 132 and 133). The first 
two columns represent the annual cost 
for both formats by discipline during 
one year. This is directly computed as the 
percentage dependency index (columns 3 
and 4), which then is used to compute 
the distribution of the departmental al­
location between books and serials. The 
use of this proportionality is based on 
the rationale that the cost of the universe 
of scholarly publications more or less 
represents the appropriate distribution 
of expenditures of local funds. 
Moreover, it is arguable that the actual 
publication of monographs and serials in 
a discipline reflects the structure of the 
discipline's communication process and 
results in the characteristic citation pattern 
that the discipline evinces. 

Vital to this approach is the accurate, 
dependable, and consistent colle~tion of 
the data supporting it. This very impor­
tant data-collection process will be dis­
cussed in the next section. Surprisingly, 
the proportions established by the de-



pendency index have gained easy accep­
tance by faculty and the library advisory 
committees at both institutions-the 
University of South Alabama and the 
University of Texas at Arlington-where 
I have applied them over the last ten 
years. The total UTA dependency index 
is heavily weighted toward serial expen­
ditures. This weighting does not neces­
sarily result in an equivalent distribution 
of funds due to the use of other weighted 
variables. Not surprisingly, science dis­
ciplines have tended to expend their full 
serial allocations under the formula. Al­
though scientists have accepted the 
limits the formula dictates, they have 
still expressed a strong desire to add 
more titles to the subscription list when 
other disciplines have not. At present, 
departments with serial obligations that 
exhaust their allocation cannot add new 
serial titles without canceling title sub­
scriptions of equal value. Incidentally, 
this practice requires that the UTA Li­
brary assign every title in the serial col­
lection to either a department, a college, 
or the library's own general serial fund. 

CHOOSING VARIABLEs­
SOME COMMENTS 

The choice of variables and the collec­
tion of the data to support them are the 
dominant themes of the literature on 
formula allocations. Indeed, the implica­
tion often is that the variables are equiv­
alent to the formula. The contention here 
is that the adoption of an explicit math­
ematical model or formula paradigm is 
the first and perhaps the most important 
step in developing an allocation formula, 
and that the choice of variables which 
follows should be dictated by the insti­
tutional objectives. Variables should be 
chosen in light of local conditions and 
institutional goals. The selection of vari­
ables is important, and plenty of discus­
sion in the literature attests to this fact. 18 

One of the key issues in variable selec­
tion is the dichotomy among variables 
that may be chosen. Sweetman and 
Wiedemann refer to this as the supply side 
and demand side.19 Put simply, this is the 
difference between internal variables 
generated by programs within the insti-
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tution and external variables such as the 
price of library materials or the citation 
characteristics of the individual discip­
lines.20 A large variety of variables are in 
use in library allocation formulas, but a 
handful have dearly become dominant, 
including "number of students or num­
ber of student credit hours, cost of mate­
rials, number of faculty, circulation by 
department or subject area, number of 
courses offered by a department, and the 
number of students majoring in a de­
partment or subject area."21 Most of these 
variables involve Schad's principle of 
contribution, and the matrix formula al­
lows their dollar effect to be explicitly 
specified. 

The matrix formula gives more or less 
complete flexibility in developing 
variables to fit the local situation. 

At present, twelve variables are being 
used in the matrix formula at the Univer­
sity of Texas at Arlington (table 4). There 
is a point at which selecting new varia­
bles to "enhance" the matrix formula has 
a diminished result. As the number of 
variables increases, the weighted per­
cent share must be reduced. New varia­
bles are usually suggested to correct 
some perceived oversight, but twelve is 
probably the practical limit. Substituting 
new variables for old ones is probably 
better when that limit is reached. It bears 
repeating that the matrix formula gives 
more or less complete flexibility in 
developing variables to fit the local sit­
uation. To illustrate, I have often joked 
that there could be a variable for blue­
eyed full professors in each depart­
ment if that were perceived as an 
appropriate criterion for distribution 
of materials funds. 

Two variables merit brief discussion: 
the Library-Use Index, an internal variable, 
and the Book/Serials Cost Index, an ex­
ternal variable. The literature discusses 
Library-Use Variables a great deal and 
explores the numerous inherent problems. 
I think that we have addressed this varia­
ble at UTA in a consistent and logical 
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UTA BOOK/SERIAL DEPENDENCY INDEX (JQ 
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Book Cost Index Serials Cost Index Book Dependency Serial Dependency Current FY Book Current FY Serial ~ 
(BNA Universe) (FAXON Universe) Index(%) Index(%) Budget Allocation Budget Allocation ~ 
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Architecture $ 26,406.00 $ 17,794.42 59.74 40.26 $ 14,682.12 $ 9,893.96 fll 
~ 
~ 

Art 58,316.00 46,538.03 55.62 44.38 11,035.68 8,806.83 r1 
~ 

Accounting 6,514.00 14,113.60 31.58 68.42 7,629.88 16,531.32 1:""4 .... 
Economics 49,615.00 233,471.66 17.53 82.47 8,061.22 37,933.42 a" ,.. 

~ 

Finance 5,358.00 141,522.63 3.65 96.35 1,688.23 44,591.86 o. 
~ 

Management 58,522.00 173,433.49 25.23 74.77 12,674.59 37,561.91 
fll 

Marketing 5,021.00 41,742.09 10.74 89.26 2,662.40 22,133.85 

Systems analysis 31,776.00 44,715.50 41.54 58.46 16,749.81 23,570.50 

Aerospace 
engineering 23,845.00 18,185.63 56.73 43.27 13,084.59 9,979.09 

Civil engineering 15,262.00 145,985.03 9.46 90.54 4,192.43 40,101.70 

Computer science 9,554.00 61,508.98 13.44 86.56 5,164.77 33,250.97 

Electrical 
engineering 35,955.00 125,470.14 22.27 77.73 14,369.10 50,143.05 

Industrial 
engineering 27,573.00 24,166.88 53.29 46.71 13,673.25 11,984.18 

Mechanical 
engineering 20,716.00 .172,665.29 10.71 89.29 5,743.77 47,873.62 
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TABLE 5 (continued) 
UTA BOOK/SERIAL DEPENDENCY INDEX 

Education 30,865.00 58,285.52 34.62 65.38 7,597.26 14,346.00 

Communications 20,008.00 29,002.40 40.81 59.19 6,227.24 9,032.86 

English 115,726.00 11,892.98 90.68 9.32 34,262.07 3,521.06 

History 98,392.00 93,256.68 51.34 48.66 23,274.33 22,059.58 

Music 18,014.00 17,995.70 50.03 49.97 5,165.54 5,160.30 

Philosophy 57,722.00 34,906.65 62.32 37.68 10,804.07 6,582.00 

Physical education 16,209.00 18,143.86 47.18 52.82 6,685.52 7,483.57 

Political science 71,470.00 135,198.12 34.58 65.42 13,470.34 25,481.52 

Sociology 68,103.00 54,159.99 55.70 44.30 19,043.05 15,144.29 

Nursing 36,116.00 133,434.43 21.30 78.70 11,489.30 42,448.45 

Biology 118,186.00 510,387.60 18.80 81.20 17,458.30 75,393.85 

Chemistry 41,593.00 409,450.84 9.22 90.78 8,119.39 79,929.05 

Geology 24,123.00 132,030.96 15.45 84.55 4,781.73 26,171.57 

Mathematics 40,741.00 130,011.60 23.86 76.14 15,742.57 50,237.26 

Physics 76,631.00 283,301.98 21.29 78.71 13,775.46 50,927.37 = 0 

Psychology 35,351.00 104,420.50 25.29 74.71 9,616.99 28,406.85 
0 ,.. 

Social work 19,666.00 40,143.76 32.88 67.12 22,639.76 46,214.03 
~ = Q.. 

Urban affairs 19,187.00 30,284.11 38.78 61.22 10,261.81 16,196.89 C/) 
tl) 

Totals $1,282,536.00 $3,487,641.05 26.89 73.11 $371,906.56 $919,093.44 :::!. 
~ -:r = Q.. 
(I) 

... 
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fashion that resolves the empirical prob­
lems. Fir.st, we count all instances in 
which library materials are handled, 
whether during external circulation or 
reshelving inside the library, as a single 
unit of use representing a real demand 
or need. This practice means that a pa­
tron's browsing of a book or journal in­
side the library is equal to checking an 
item out. We make no attempt to deter­
mine who used library materials but 
rather assign the use by classification 
number to a specific department. We as­
sume that the department that selected 
the materials should get credit for all 
use, whatever the discipline of the pa­
tron using the material. To use a simple 
example, if a student in the department 
of economics checks out John Kenneth 
Galbraith's The Great Crash, then the his­
tory department gets credit because it 
ordered the book. The collection of these 
statistics has gradually become easier as 
the library collection has been retrospec­
tively converted. Once we complete the 
bar-coding project for our serials, we will 
be able to capture the internal brows­
ing statistics and the external circula­
tion through NOTIS as part of the 
reshelving effort and extract the data 
by generating reports from the circula­
tion subsystem. 

Collecting data on the cost of the 
literature is vital to the matrix 
formula in order to generate the 
Book/Serial Dependency Index. 

I cannot state too strongly that collect­
ing data on the cost of the literature is 
vital to the matrix formula in order to 
generate the Book/Serial Dependency 
Index. At UTA it is equally important as 
one of the key variables in our applica­
tion of the formula since it is weighted to 
produce 42% of the allocation of funds. 
If all department programs were equal­
i.e., the same enrollment, credit-hour 
production, and degree level-then this 
would be the only variable needed. Since 
the dependency indexes were first incor­
porated into the formula ten years ago, 
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determining a source for prices has been 
a continuing problem, with many authori­
ties consulted including Publisher's Weekly, 
the Bowker Annual, periodical tabulations 
in Library Journal, and laborious hand 
calculations from Ulrich's.22 By 1978, the 
approval plan statistics of Blackwell 
North America were being published 
regularly. These represent as close to a 
comprehensive list of the annual output 
of academic library books in the English 
language as can be expected. The subject 
section of the BNAstatistics is used as a 
basis for. dividing this pricing informa­
tion among the disciplines. Finding a 
similar statistical universe in published 
form for serial literature is next to im­
possible. At the University of South Ala­
bama we gathered statistics by assigning 
all appropriate titles listed in Ulrich's to 
the various disciplines. At UTA we ex­
tracted the data from the entire FAXON 
database by assigning all titles to appro­
priate departments and then compiling 
their dollar value. This data collection 
has been accomplished manually in the 
past, but beginning in fiscal year 1989-
90, with the help of UTA's Academic Com­
puting Center, we developed a computer 
method for this purpose using data tapes 
provided by FAXONY Computerization 
allows us, with far less effort, to as­
semble quickly the matrix formula's Se­
rial Dependency Index from year to year 
and, incidentally, to look at increases in 
pricing on a title-by-title basis. On the 
other hand, the Book/Serial Dependency 
Index is vital both as a mechanism within 
the formula and as a variable for allocat­
ing funds. On the other hand, it is 
equally important to remember that the 
data used in the index at present primarily 
include costs for English-language books 
of North American and British origin and 
English-language serials of North Ameri­
can and West European origin. 

A survey of the literature on variables 
shows one important lacuna, which is 
the need for allocation formulas to take 
into account somehow the collection­
development policy of the individual in­
stitution. For example, a variable based 
on the Resources and Technical Services 
Division (now ALCTS) definitions of col-



lection levels (teaching, advance re­
search, etc.) might make it possible to 
continue building in defined areas of ex­
cellence. Similarly, analysis of weak areas 
in the collection could be built into a vari­
able that would provide extra funding for 
a period of years to ensure that weak 
areas could "catch up." These are prob­
lems we are just beginning to tackle as 
the formula matures at UTA. Collection 
of variable data requires consistency 
from year to year, a public and open 
process, and accountability for data rep­
resented in the formula. New variables 
may be difficult to introduce because of 
the commitment that develops around the 
formula once established. We have used a 
strategy of assigning variables very small 
weights so that they gain acceptability, 
for instance, in the cases of the publica­
tion/research and grants variables at 
UTA.24 It was argued in the Advisory 
Committee that research and publication 
take several years to develop. Accordingly, 
the variable data capture a five-year 
moving window of faculty productivity in 
refereed publications. This information is 
extracted from UTA's annually published 
list of "Faculty Publications and Crea­
tive Activities." 

CONCLUSIONS 

We expect and encourage the use of 
the matrix formula outside UTA. On re­
quest we have distributed copies of the 
LOTUS 1-2-3 formula programming to 
over a dozen other institutions. We have 
prepared a template program to facili­
tate use of the matrix formula by other 
institutions. We ask only that other li­
braries using the matrix formula give 
proper public credit and not distribute 
the formula further. 

The structure of the matrix formula 
has a number of important features. In 
the first place, it allows total flexibility in 
the choice of variables. Any type and any 
number of variables can be used because 
they may be normalized on a linear or 
logarithmic base. In addition, each vari­
able may be assigned a percentage weight 
that makes the dollar outcomes resulting 
from its use explicit to anyone who ex­
amines the formula, thus removing one 
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of the complaints about the complexity 
of formulas. Additionally, administrators, 
faculty, and librarians can shift their ener­
gies from the often politically charged dis­
cussion of variables to the more fruitful 
questions of the institutional priorities 
involved. Variables may be changed from 
time to time in order to adapt the formula 
to changing needs in the institution. 

Moreover, the formula helps to deal 
head-on with the statistical problem of 
multicollinearity and the resulting hunt 
for the surrogate variable, the "Holy 
Grail" of variables. Multicollinearity re­
fers to the fact that some variables are 
basically measures of the different di­
mensions of the same thing. A glance 
back at table 4 is illustrative. In some 
sense, the variables FTE index, credit 
hours, the graduate degrees index, and 
the undergraduate degrees index all are 
representative of the size of specific dis­
ciplines at UTA and involve Schad's con­
tribution principle. The literature devotes 
a great deal of statistical sound and fury 
to this issue. Within the matrix formula, 
the question is rendered moot by the fact 
that, while these variables represent sim­
ilar measures of size, their specific effect 
or weight in the allocation of funds is 
clearly known. We determine the impor­
tance of each variable in our institutional 
setting by its weight and by whether the 
variable is logged or linear, allowing the 
question of collinearity to be put to the 
side. The total weight of the size of pro­
gram, or contribution, variables in this 
case is 35%, and we do not concern our­
selves about which is the best surrogate 
or proxy variable to use. 

Finally, the formula allocates to each 
department book and serial funds. What 
is more, the formula gives a specific 
quantitative guide to the appropriate 
distribution of funds between serial and 
monographic expenditures in each dis­
cipline. Thus, the matrix formula is a 
powerful tool in dealing with the inex­
orable demand that serial expenditures 
place on the library budget because it 
gives a benchmark against which a de­
partment serial budget may be limited. 
At present, only eight of our depart­
ments are expending all of their serial 
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allocation, and we have tended to be 
conservative in allowing departments to 
expand their serial expenditures so that 
others do not reach their limit. Unex­
pended serial funds may be used by the 
department for other material expendi-
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tures. However, in the end the matrix 
formula cannot overcome the central prob­
lem of budgeting-insufficient funds. Any 
formula may satisfy acquisition needs if 
sufficient funds are put into it. No formula 
will overcome inadequate funding. 
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($value/l,OOO). This formula would give, for some possible grant sizes in chemistry, 
the following values of N: 

Deeartment of Chemis~ 
Grants $ Value N 

$ 2,000 1.3 

10,000 2.0 

100,000 3.0 

1,000,000 4.0 

$1,112,000 10.3 

The total N of 10.3 would then become a raw variable entry for the Department of 
Chemistry. 
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