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As a large part of most state budgets, public universitiestempting targets of budget cuts.
Using the theory of diffusion of innovation, we build a mathegical framework that allows us

to simulate the continuum effects of such budget cuts. Bubnique of mathematical model-
ing can provide insights into the mechanisms that affecb#reeficial impact of the university.

Such insights are difficult to obtain from standard econamijgact studies.

University economic impact studies generally examine thas illustrated in one definition of economic impact: “We de-
effect of the presence versus the complete absence of an ifine economic impact as the difference between existing eco-
stitution. As a result of many of these studies, policymaker nomic activity in a region given the presence of the insiiut
tend to agree that the presence of a university is beneficiand the level that would have been present if the institution
to the regional economy; see, for example, (Mercer, 1996)did not exist” (Beck et al., 1995:2).

Less attention, however, has been paid to the effects of bud-
get cuts or increases on the functioning and economic impadtimitations of Current Economic Impact Studies
of an existing university.

In this paper, we develop a mathematical framework for ~Although the abundance of economic impact studies has
studying the continuum effects of persistent budget fluctumade substantial contributions toward understandingehe r
ations on the university and its region. After briefly dis- gional benefits of the presence of universities, this form of
cussing the limitations of standard economic impact stydie Study does suffer from some limitations.
we present a very condensed review of the literature, which Lack of empirical data. In previous economic impact
will provide the foundation for the assumptions builtinbet ~ studies, the contribution of universities to human cagite
mathematical framework. economic development is acknowledged but not quantified

The application of this framework to the university dy- (Beck et al., 1995). Because of the persistent lack of empir-
namic and the numerical simulation results to which theical data for higher education, researchers have made con-
framework gives rise support the understanding that draintributions to this area by instead appropriately adapteig r
ing resources from state-funded colleges and universifles  evant findings from research in other professions, such as
eventually diminish the positive regional effects of these ~Medicine. For example, Bess (1998) examined the motiva-
stitutions. By employing simultaneous differential equa-tional effects of tenure within the university by adaptimgfi
tions, we demonstrate possible mechanisms by which budg#tgs from the medical profession (Lieberman, 1983; Sitkin &

cuts may lead to attenuation of benefit over time. ?;254)1994 Stewart & Cantor, 1982; Van Maanen & Barley,
UNIVERSITY ECONOMIC Short time horizon. The effects of the university on a re-
IMPACT STUDIES gion are both long-term and short-term (Felsenstein, 1996)

Long-term effects, unfortunately, are difficult to measure

Today, economic impact studies are commonly used asince the complete rate of return to education can be assesse
public relations tools for colleges and universities (DQean ©Nly at the end of an individual's lifetime (Quiggen, 1999).
1991). The usual way to perform an economic impact study |nability to model continuous phenomena. Most im-
is to manufacture a scenario in which an existing universityPortant, these economic impact studies tend to be binary in
ceases to exist, and then to examine the differences betwe&§sence, allowing one to compare the impact of an existing

pletely removed. As Beck et al. (1995:13) note, “An eco-

nomic impact study, by its very nature, must always be a
comparative analysis.” The long-term continuum effects of
L. G. de Pillis was supported in part by the U.S. Department ofslowly starving a university of funding and support are not,
Energy under Contract W-31-109-ENG-38, and by a Harvey Muddand cannot be, accounted for in such studies. In the next
College Faculty Research Grant sections, we discuss what some of those effects might be.
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BENEFITS OF TERTIARY by accounting for teaching evaluation scores, number of pa-
EDUCATION pers published, number of talks given, or number of external

grants received in a given year. Productivity, or success, i

X . X a student might be quantified by grade point average, stan-

yelopgeggégarl:rlo, 199115'39%h8|‘_tte”':]19_98’ Fel_ddeg(%&klﬁl- dardized test scores, or successful fulfillment of all reeui

ligaard, , Florax, » Lau, Jamison, Liu, VKIN, ments for graduation. In the mathematical model developed

1993; Lau, Jamison, & Louat, 1990; Lin, 1997; Lipton, paore we allow a member of a : :
' . | ; : X , population to be placed in one
1977; Maddison, 1982; Mankiw, Romer, & Weil, 1992; Mar- of two categories: productive (successful) or nonprodecti

shall, 1890/1930; O'Rourke & Williamson, 1995; Preston, nonsuccessful). Multiple levels of productivity and seiss

1997; Psacharopoulos, 1973, 1981; Schultz, 1960, 1961 ; : P ;

) e PO e ST re possible, but since these would significantly increlase t
Smith, 1776/1981), bgt tertiary eo_lucat|on In part_lculas ha complexity of the model, we choose at this point to include
been found to be an important driver of economic growth.omy the two categories épecified.

Public investment in university-level education and redea We emphasize that merely having a university in an area

has been shown consistently to pay divi_dends in eCOnOmi‘c‘ioes not guarantee a fixed amount of benefit to the commu-
growth and enhanced productivity (Denison, 1968; I:e”er’nity. Certain factors affect the magnitude of benefit that th

1990; Felsenstein, 1996). University-level education ha%miversity confers, including an existing local economy in

or secondary education (Chatterji, 1998). The exception t%ezglssoenna'lslzleemhelglé%)and a good reputation outside the region

this is in underdeveloped countries that lack primary ard se . . .
: ) . A healthy regional economy and a successful university
ondary education and would not benefit from an expansion of

d . : . are mutually reinforcing. To get this beneficial cycle in mo-
the university system until the lower levels of educationeha tion. the university requires faculty that will enhance tiné-
been brought up to adequate standards (Kelly, 1997). ! yreq y

versity’s reputation through effectively fulfilling the sgion
How a University Fosters Economic Activity of_the institution, whether it be r_egearch, teaching, oreom
thing else. Through faculty activity supported by effeetiv
To date, no comprehensive structural model has linkeddministration, the university’s reputation is enhancédle
social institutions and economic growth (Fedderke & Klit- coordinated, cooperative actions of faculty and of adminis
gaard, 1998). Individual studies, however, indicate that t trative and support staff are crucial. An enhanced repriati
presence of an active, effective university benefits the-combuilt upon effective fulfillment of the institution’s miss

Not only is education in general beneficial to regional de-

munity in several ways. will attract students from outside the region.
The university enlarges the supply of human capital.

Human capital is a major factor that enhances economic MOTIVATORS OF

growth. Universities not only produce knowledge but also UNIVERSITY

add an “attractiveness value” to the region and confer both PRODUCTIVITY

short-term and long-term benefits to the region (Bluestone,
1993; Chatterji, 1998; Felsenstein, 1996; Quiggen, 1999; The literature on workplace motivation is vast, so we re-
Stern, 1991). strict our discussion here to aspects of motivation that are
The university fosters specific skills, technical knowl-  directly relevant to our model.
edge, or commercially viable research.The activity that
takes place at a university can encourage investment in a rxdequate | nstitutional Support
gion, which then drives economic growth (Andersson, An-
derstig, & Harsman, 1990; Chatterji, 1998; Florax, 1992; Herzberg's classic motivation-hygiene theory suggests
Knack & Keefer, 1997; Lucas, 1988; Mueller, 1989; Romer,that employees are most motivated by intangible factors
1990; Stenberg, 1990). such as achievement, enjoyment of the work itself, recogni-
The university brings in economic activity as would  tion, and responsibility (Herzberg, Mausner, & Snyderman,
any large organization. Simply because of their size and 1959). If these needs are not fulfilled, then motivation will
presence, universities are bound to have some positivet effedecline, regardless of pay level or tenure (Bess, 1998grAlt
on economic development (Felsenstein, 1996). The presencrtively, employees can be demotivated effectively by per-
of local and out-of-state students further enhances the unteptions of insufficient pay, inequitable work assignmgents
versity’s economic impact (Beck et al., 1995). inefficient organizational procedures, and inadequatesphy
In the mathematical model we develop, we incorporate thécal facilities (Herzberg et al., 1959; Herzberg, 1987; Rob
beneficial economic effects of a university by allowing apop bins, 2000). Herzberg’s dissatisfiers, or “hygiene fagtors
ulation of “productive” professors and “successful” stotde  include diminished physical building maintenance, insuffi
to stimulate regional industrial activity. cient pay raises, and lack of adequate administrative suppo
The definition of “productivity” or “success” varies with Regular maintenance, pay raises, and administrative suppo
the particular requirements and standards of a given instit are high on the list of items that are discarded when budgets
tion. We define productivity and success in relative termsare cut. As budgets decline, politics loom large as increas-
as actions that fulfill the mission of the institution. For ex ingly desperate factions compete for ever-scarcer ressurc
ample, productivity in a faculty member could be quantifiedAn increased emphasis on frugality often leads to elaborate
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tracking and documentation of every penny spent, and coras opposed to binary, phenomena. Additionally, simulation
sequently to Herzberg'’s leading workplace dissatisfiegf-in  can be carried out over long time horizons.
ficient and frustrating organizational rules (Herzberg3 79 Unfortunately, as with previous studies, the problem of
If budget cuts are sufficiently large or persistent, it seemdack of empirical data persists. However, when possible,
reasonable to predict that widespread demotivation i@tb  relevant observations in the literature have been trastslat
by a decrease in effective fulfilment of the institution'ssm  into core model elements. The model should be viewed as a
sion, will follow. Our mathematical model reflects this by framework for analysis. Into this framework can be placed
allowing decreases in funding levels to lead to decreased pr coefficients and parameter values tailored to reflect the spe
ductivity among professors. cific situation under study.

Availability of Resources The University Model - Overview

Apart from the question of demotivation, the lack of nec-  In the model we develop, we simulate the peer group ef-
essary resources will negatively affect the ability of wmiv  fect of success breeding success within a population by em-
sity employees to perform their jobs in order to further theploying mechanisms that are similar to those used to describ
university’s mission. The lack of adequate resources willthe diffusion of technology and innovation. Mansfield (1961
constrain performance regardless of motivation or inter#ti  introduced a mathematical model of diffusion of innovation
(Blumberg & Pringle, 1982). For example, a professor whoin the context of studying how rapidly the use of a number
no longer has a student helper will need to give up clas®finnovations spread from enterprise to enterprise inrs¢ve
preparation or research time in order to perform the gradingeparate industries. For a simple description of the mathe-
or lab work that the student helper used to cover. matical model of diffusion of innovation, see, for example,

In our mathematical model, we consider a pool of successtBraun, 1978: 37-43) .
ful students to be a resource for professors, while prodeicti  Diffusion of innovation models can be appropriately used
professors are a resource for students. Therefore, we allow describe any situation in which the development, imple-
for these two populations to simultaneously affect eackmth mentation, and dissemination of new ideas, behaviors,meth
specifying that an increase in these resources will stitaula ods, or products in a business, an organization, or society
productivity while a decrease will dampen productive behav as a whole are of interest. For example, Strang and Soule

ior. (1998) discuss the application of diffusion of innovation t
individuals and the factors motivate individuals to adagt ¢
Actions of Colleagues tain behaviors.

In our mathematical model, “productivity” and “success”

In academia, as in many professions, the opinion of peerare behaviors that can be diffused by individual adoption
and norms of the professional group are more important thathroughout the university organization. The model we eeat
formal sanctions and rewards in directing behavior. Peels then built on a mathematical description of the diffusion
group standards and the enforcement of those standards by productivity or success and on factors that can either ac-
subtle peer pressure constitute the primary means of ensugelerate or dampen the rates at which such diffusion takes
ing compliance to expectations, whether those expecttiorplace.
are for high or low productivity (Bess, 1998). If demotiva-  The simultaneous dependencies in the model we propose
tion leads to changes in effort expended by some individualsyre represented graphically in Figure 1. Note, in particula
group norms may shift and discourage the output of extrahat we incorporate the influence of funding levels on the
effort by faculty (Comer, 1995). population of professors, with a feedback effect of the pop-

Our model reflects this peer group effect by allowing pro-ulations onto themselves as well as onto levels of external
ductive or successful behavior to stimulate further préiec  grant funding. We also incorporate the assumption that the
or successful behavior within the respective populatidns ostudent and professor populations will mutually affectreac

professors and students. other and, in turn, affect regional industry.
PROPOSED MATHEMATICAL The University Model - Equations
MODEL

When building any mathematical model, we believe that it

We propose that the well-known beneficial effects of thebest to start simply and to add complexity only when called
university upon the regional economy can be severely comfor. The model we present can be considered relatively sim-
promised by ill-thought-out budget cuts. Continually dimi  ple, tracking only three interacting populations: protess
ishing financial resources to the university will, we believ students, and the regional industrial jobs. We consider how
result in reduced benefit to the community. funding levels affect the productivity of the professor ptap

Through the use of simultaneous continuous differentiation, and we make fairly straightforward assumptions about
equations, we seek to address some of the limitations ofausalities.
existing research. In particular, the use of a mathematical We first introduce the variable terms that will be needed
model of this nature will allow us to simulate continuous, for the model.
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>Overhead vanishing W€ havelg(t) :_Ipp(t)'
Overhead _ into nonproductive e O = fraction of overhead taken out of faculty grants
invested in | | Funding from endeavors and claimed by the university administration. We requied th
productive xternal Grants| 0< OT <1
activity — - " . .
¢ o = fraction of overheadQr, reinvested by the admin-
istration to support productive activities in the facultypu-
lation. We require that & a < 1.
. —> = =
Gg\(ﬁ]r;rr?;nt}_b Productive Professors Successful Students . F(t) — a}mount_ Of ex’gernal grant funding use_d to sup-
u u port productive activities in the professor population.réie
Jz Jz F(t) = (1— Ot +0aOr) Ig(t). The termlg(t) = IpP(t) rep-
Regional resents the total number of external grant dollars availabl
Economic at timet, and the coefficientl — Ot + aOr) represents the
Aty fraction of those grant dollars that are used directly tqpsup

productive endeavors.
¢ | = total income to the university from government
lfunding per year.
The change over time in the size of the population of either
productive professors or successful students, can be lthoug
) . of as happening in one of two ways. Either a single individ-
* P(t) = total number of “productive” professors attime 5| can leave the nonproductive (nonsuccessful) populatio
At this stage we assume that a professor is either p_ro_ductwgnd become part of the productive (successful) population,
or not. We have not incorporated degrees of productivity, an or 5 nonproductive (nonsuccessful) individual may leaee th
we have not specified the precise measure of productivitgystem altogether and be replaced by a new productive (suc-
As discussed above, any quantifiable measure of prodyctivitcessfyl) individual. Mathematically, both occurrences be
consistent with the mission of the institution can be used. Jescribed in the same way: when one population loses an
* Pr =total number of professors at the university. We arejndjvidual, the complementary population gains an individ
assuming that we are not trying to increase the total numbejga|. Of course, this is allowed because of the assumption

Figurel. Simultaneous dependency flow chart for mathematical
model of a university dynamic.

of professors at this point. _of constant total population size. Future model refinements
* St) = number of successful students enrolled at the uniwill allow for fluctuations in total population size, and the
versity at timef. mathematical description will become more complicated.
o Sr = fixed total student population. The change over time in the interacting populations of
e H(t) = number of industrial positions in the region at productive professors, successful students, and regional
timet. dustry positions is described by the following system of dif

e Hy = saturation point, beyond which the total number ferential equations:
of industry jobs can no longer increase. We link this satura-
tion pointHt directly to the population in the region. In this dP % ((Cl(lg— Er)+coF)

case, we choose it to be a multiple of the total of professorsdt Ep

and students together, so thét = m(Pr + Sr), wherem s p

a positive factor. with R= (—) (Pr—P)
¢ Ip = average number of grant dollars that a productive Pr

professor is able to procure in a year. One outgrowth of thedS S

kinds of endeavors that are commonly considered productivegy — do (d1P— da(Pr — P)) Sr (Sr—9 (2)

is the procurement of external grant funding. Since this is . B

readily quantifiable measure of productivity, we choose thiad—k| = gH (1_ i) ( BP—Pr + ezyS ST)

to be a feature associated with productive behavior in this Hr Pr Sr

model. We are not specifying the ability to bring in grant .-

dollars as a cut-off measure of productivity. We are simpIyW”here _<i_0eff|0|e|_ntso, €1, C2, Cf” Ca, do, dy, d2, €0, €, ande; are

making the assumption, for this model, that on average thi€ _f_)ﬁSlfwedsca |n% FIJ?rame feIrEs. i 1) and (2) is that of

class of professors will bring itp external grant dollars per € fundamental Torm of Equations ( ) and (2) is that o

a basic mathematical diffusion of innovation model. In gen-

pro.f%isir;v(zrggzrémoum of money it takes to provide basi era_il, diffusion of innovation mod_els hav_e Iogistic_sollm;o
support one full-time professor for one year “This means_that the process of innovation Qdoptlon accele_r-
. L ates to a point and then decelerates as the innovation begins
o Er = total amount of funding t_he university needs 10 15 saturate the community. Equations (1) and (2) therefore
maintain the current faculty population for one year. Irsthi reflect the dynamic that productivity will diffuse througito

caseEr = PrEp. P L
’ : the population in a logistic manner.
e I[g(t) = number of external grant dollars available at Pop g P

timet. Since we assume that each productive faculty member [N Equation (1), the temépr) (Pr —P) represents the as-
is able to produce, on averade,external grant dollars, and sumption that the number of professors who convert from

+C3S— C4(ST — S)) R (1)

3)
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being nonproductive to being productive is directly prepor saturation pointHy, beyond which the market can no longer
tional to the respective populations of productive and nongrow.
productive professors. Similarly for Equation (2), thenter The termegH says thatH grows proportionally to itself

(%) (Sr— S) represents the assumption that the successfi-€., if there are already industrial jobs in the area, il wi

tudent lati tionallv to th | attract more industrial jobs). This term is multiplied by
siudent popufation grows proportionally 1o the populasion (1— H/Hr), which says that there can be saturation in the
of successful and nonsuccessful students.

(c1(lo—Er )+ CoF) market. That is, once we start getting near to hatrgobs
Through term (T +€3S—Ca(Sr — S)) of  inthe region, the growth in the number of industrial positio
Equation (1), we incorporate the effect of funds that areenadwill slow and will level off atHy jobs. The last two terms,
available to encourage productive activity, as well as the e (BP— Pr)/Pr and (YS— Sr)/Sr, say that if theproductive

fect of the student population on the professors. This alow professor population drops below the fractigifgbf thetotal

for P to be positively affected by any amount of governmentprofessor population, and if tfsaccessful student population
funding, I, that exceeds the minimum necessary expendidrops below the fraction /ly of thetotal student population,
tures E7, as well as by the availability of external grant funds there will be a negative impact on the growth in the number
that are being put toward the development and maintenanaaf industrial positions in the region.

of productive professors. On the other handgifdrops be- The system of Equations (1), (2), and 3 is a mathematical
low Er, this will negatively impact the growth d?. The framework that now can be employed to simulate the inter-
scaling by YEp converts the units from dollar amounts to dependent continuum effects of modifying budget levels on
units of full-time professors. Additionallyp is positively  a university. Particular scenarios will differ depending o
affected by the presence of successful students and negparameter sets chosen and on initial sizes of the three popu-
tively impacted by the presence of nonsuccessful studentations being tracked.

An example of a way in which positive student effect on the

professor population might evidence itself could be in theThe University Model - Numerical Smulations

form of the availability of a qualified pool of student resgar

and teaching assistants. Poor students could negatively af In this section we present an example of numerical solu-
fect professor productivity in that poor students may slowtions of the system (1), (2), and (3). We first discuss our
the progress of a course, consume institutional resourgces tehoice of parameter values. We remind the reader that in
filing grievances over poor grades, and in sufficient numberéhe literature, there is a lack of relevant empirical datafr
require the addition of remedial courses to the university c  Which we can derive precise model parameters.

riculum. In lieu of precise measurements, therefore, we model a

In Equation (2), we allow for a mechanism by which the hypothetical university using parameters that make imeit
presence of productive faculty will positively influenceeth sense and that give rise to natural results. Experimentatio
population of successful students and nonproductive fiacul indicates that incorporation of different parameter sktsva
will negatively influence the population. For example, we the fundamental qualitative behavior of the model to remain
might assume that a successful student is attracted to the urintact, while quantitative outcomes will vary. That is, the
versity by its reputation and that the university’s repistat ~ trends implied by the computational results will continae t
is directly linked to the productivity of its faculty. We ntig  follow logistic paths in all simulations, but exact numatic
also assume that a student who is already enrolled and whguantities and how rapidly those quantities change oves tim
has the potential to become successful can be influenced wll differ.
success by active faculty, whereas disengaged faculty can As indicated earlier, some behaviors and outcomes are
even drive a successful student toward becoming unsuccesgest observed with longer time scales. Hence, we run our
ful. The influence of faculty on the student population issimulation over a fifty-year time interval, which should en-
represented by the terfd;P — da(Pr — P)). able us to observe certain long-term trends.

Equation (3) describes the change over time in the num- We choose our hypothetical university to be of moderate
ber of industrial positionsH{) available in the university re- size. We simulate the evolution of the system in time given
gion. As indicated by the dependencies graph in Figure 1two different sets of initial conditions. In the first casee w
the equations foP and S will not be directly affected by assume that our university starts out with a somewhat weak
H. This reflects the assumption that the presence of industrgrofile: one-quarter of the professors will be categorized a
in a university town does not significantly affect whether aproductive and one quarter of the students as successful. In
professor is productive or whether a successful studemt withe second case, we strengthen our university’s initidilgro
choose to attend that university. On the other hand, we asand allow half of the professors to be productive and half of
sume that the presence of successful students in the area, alkstudents to be successful.
well as the availability of productive professors, will pos We track the progression of the three interdependent popu-
tively influence the growth oH. The implicit assumption lations,P(t), S(t), andH (t), in our model using the following
here is that industry jobs are those requiring college degre parameter value$ = 1000,Sr = 15000 Ht = 3(Pr + Sr),
directly fillable by university graduates. Additionallyevas-  1p = $150 000,Ep = $10Q0 100,01 = 0.25, anda = 0.1.
sume thatH is positively affected by the number of other In the case that the university begins with a relatively
industrial positions currently in the region and that thsre weak profile, we havé®(0) = 250 andS(0) = 3750. We
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also choose the initial number of industry jobs to be s P‘ERCENT‘AGEofpr?duct\vep‘rofs‘stude‘ntsandin‘duslryjobf,Gparam‘=1.0000&‘30
proportional to the initial university population, so that R
H(0) = 3(P(0)+S(0)). In the case that the university be- G o Sudens

gins with a somewhat strengthened profile, we double ou *| : A4 IndustyJobs |7
initial productive population numbers, which then become

P(0) = 500 andS(0) = 7500. 254 :

Additionally, we let /3 = 1/2 and ¥y = 2/3. These
parameters imply that if the productive professor popatati 4zl
drops below 50% of the total professor population and if theg
successful student population drops below 66% of the totes
student population, the number of industrial jobs in the re-
gion will be negatively affected. We note that our initiabpr
ductive professor populations and successful studentlpopu
tions are each at 25% (weak case) or at 50% (strong cas:
of the total. Hence, in the weak university case, we would s
expect to see an initial declirt¢, at least until the success-
ful student and productive professor populations can &ehie
their critical thresholds. In the strong university cadee t  ° Tmemyeas 0
threshold is already met for professors, but the student pop
ulation falls just short. In our model parameters, we haveFigure 2. Initially weak university profile: Effect of maintaining
chosen the influence of good students on industry to be somé&vels of government funding from year to year.
what stronger than that of productive professors, and we wil
see th|S reﬂected |n the S|mu|at|0ns 00 PERCENTAGE of productive profs, students and industry jobs. Gparam = 1.000000

We assume that dollar amounts are implicitly adjusted for A S
inflation and therefore do not include explicit terms to ac- c—=o  Sudens
count for possible changes in the value of the dollar. We *°| S Indusiry Jobs
examine three cases: 5

1. Maintaining the same levels (relative to inflation) of %[ = 1
government funding over the years. s

2. Decreasing government funding by 5% per year (rela-g - 2 .
tive to inflation).

3. Increasing government funding by 5% per year (relatives | o |
to inflation).

In each case we modify only the parameter that affects th
level of government funding. All other parameters remain
the same.

15

10

!

centag
5

RESULTS o N N

I
5 10 15 20 25 30 35 40 45 50
Time in years

In each simulation, the effects of budget cuts and increases
are not immediately observable, but can be clearly seen overigure3. Initially strong university profile: Effect of maintaingn
longer time frames. levels of government funding from year to year.

Maintaining government funding. In Figures 2 and 3
we see the evolution over time in the three populations when
government funding to the university is maintained. The-sim  Decreasing government fundingThe effects of decreas-
ulations indicate that with an initially weak profile, stgad ing government funding can be seen in Figures 4 and 5.
government funding will allow the population of productive Unsurprisingly, all three populations suffer decline otrez
professors to grow, albeit quite slowly. Unfortunatelye th years. It is interesting to note, however, that with a stesng
growth in the professor population is not sufficiently rapid initial profile, the productive professor population stégil
to stem the decline both in the student population and in infor about five years before turning downward. The success-
dustry. On the other hand, with an initially strong profile ful student population also manages to maintain positive mo
and unwavering levels of government support, both the promentum, increasing for a number of years, even in the face
ductive professor and student populations will increass ov Of budget cuts. Nonetheless, the budget decreases eventu-
time. After suffering an initial decline, industry will emeu-  ally catch up with the students as well, and all populations
ally increase. Note, however, that industry will not begin t eventually diminish.
increase significantly until the necessary successfulesiud Increasing government funding. We see a more opti-
population threshold is crossed. mistic picture in Figures 6 and 7. These reflect the outcome
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PERCENTAGE of productive profs, students and industry jobs. Gparam = 0.950000 100 PERCENTAGE of productive profs, students and industry jobs. Gparam = 1.050000
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Figure 6. Initially weak university profile: Effect of increasing

Figure 4. Initially weak university profile: Effect of decreasing government funding by 5% each year.

government funding by 5% each year.

PERCENTAGE of productive profs, students and industry jobs. Gparam = 1.050000
T T T T T T
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PERCENTAGE of productive profs, students and industry jobs. Gparam = 0.950000
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Figure 7. Initially strong university profile: Effect of increasing
Figure 5. Initially strong university profile: Effect of decreasing government funding by 5% each year.
government funding by 5% each year.

a little over fifteen years, and hits 80% saturation in about
when government funding is steadily increased by 5% eaclkwenty-five years.
year. In both profiles, the professor population benefits sig
nificantly from an increasingly strong budget. Additioyall DISCUSSION
although we see an initial decline in industry, an upswing
occurs eventually in both cases. The main difference can be We have presented a mathematical framework through
seen in the time lag between the increase in the professavhich the continuous temporal dynamics of a university or-
population and that of the student population and industryganization can be simulated. We adhere to the philosophy
With an initially weak university profile, industry does not that it is best to build a mathematical model by starting sim-
begin to turn upwards until thirty-five years into the simula ply, adding only those components needed to allow for situ-
tion, and it takes fifty years to get back to its initial levels ation specific fine-tuning and to create outcomes that, if the
On the other hand, with an initially strong university prefil cannot be compared with collected data, at least make intu-
and steadily increasing government support, industryrtsegi itive sense.
to grow after only ten years, surpasses its starting leveds a The parameter sets chosen for use in this model have
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