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MUSE - Model for University Strategic Evaluation

Abstract

A model for simulating college and university operations, finances, program
investments, and market response in terms of applicants, acceptances, and
retention has been developed and implemented using the system dynamics
approach. System dynamics is a simulation modeling methodology designed for
representing complex, dynamic structures that involve interconnected
sequences of causes and effects. The university simulator discussed in this
paper is relevant to any higher educational institution. The authors explain the
model’s structure, mechanics, and data requirements, and demonstrate its
application.



MUSE - Model for University Strategic Evaluation

Overview

MUSE is a simulation model that incorporates college and university
operations, finances, program investments, and market responses in terms of
applicants, acceptances, and retention. It is a simulation of the total operations
of a university, but its current formulation is oriented to investigating policy
and planning questions around the undergraduate educational program,
including the marketing impact of program enhancements and changes in
tuition, student aid, student-faculty ratio, etc. It has been developed and
implemented using the system dynamics methodology. The structure of the
simulator is relevant to any higher educational institution.

As the name indicates, MUSE was created for strategic analyses. In this regard,
it is important to emphasize that strategic planning is not forecasting or

-predicting. Rather, its purpose is to provide the bases for decisions that must

be made today to achieve the long-term goals and objectives of the institution.
To have optimal impact, the model must simulate as far into the future as
today’s decisions will have influence (“planning horizon”). Strategic analysis is
difficult because many factors must be considered simultaneously. These
factors are often interrelated. They frequently form feedback loops that amplify
or resist change, while their values change over time. MUSE is designed to take
into account these complex factors and to provide a “non-invasive” means of
evaluating the potential impact on the institution as a result of implementing a
variety of policy and strategic changes and interventions.

Methodology

The MUSE simulation utilizes the systems dynamics approach. System
Dynamics (Goodman, 1989; Morecroft and Sterman, 1994; Randers, 1980;
Wolstenholme, 1990) is a simulation methodology that is based on systems
analysis and utilizes fluid dynamics concepts to represent real-world
structures. It has been used successfully to simulate entities ranging from
biologic organisms, to large industrial complexes, to epidemiological
phenomena, as well as a broad range of socio-economic enterprises. It is
capable of readily incorporating feedback control loops, time-dependent
variables, and parameters for which only intuitive representations are available.

For institutional simulations, a special-purpose software package known as
ithink is available. ithink was developed by the firm of High Performance
Systems for the express purpose of writing and implementing system dynamics
simulation models of socio-economic systems ({think Technical
Documentation, 1997). It can be purchased for various platforms from High
Performance Systems. The approach uses a standard series of functional
elements as the basic building blocks of the simulator. '
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Exhibit 1 shows a very basic model structure incorporating the fundamental
components with which a simulation model is constructed. It is a very simple
college enrollment model. Referring to Exhibit 1, a stock is an accumulator in
which tangible items with physical meaning such as the number of students, or
dollars are collected, or more conceptual measures such as perceived
attractiveness of the institution to potential applicants are accumulated. In this
simple example, the stock represents number of students. A flow is the pipeline
that feeds material into or out of a stock, such as “adding endowment ‘
principle,” or “consuming endowment principle.” In Exhibit 1, the inflow is
“enrollees” and the outflow is “graduates.” Converters, represented by circles
in the diagram, perform mathematical manipulations or serve as data entry
portals to change key parameters when investigating various policy or strategic
alternates.

The model in Exhibit 1 shows three converters: “desired enrollment,” “response
rate,” and “graduation rate.” The “response rate” refers to the number of
students admitted each year. It is a graphical relationship in this model (note
the small graphical indicator within the circular converter icon). It is controlled
by comparing the desired enrollment to the actual enrollment. The wires that
connect converters, flows, or stocks represent transfers of signals or
information. For example, in Exhibit 1 the wires from the student stock
transmit the level of current enrollment information to the flow of graduates
and to the response rate which controls the rate at which new students enroll.

To run the model shown in Exhibit 1, the following must be specified: time
period (years were selected for this model), the simulation run length (20 years
was chosen) and the “DT,” which is the frequency at which the model
recalculates all variable positions (0.25 year was chosen). The frequency at
which the model recalculates affects the “smoothing” that occurs within the
output of curvilinear relationships. Exhibit 2 is a graphical display from a
simulation run showing the number of students over the twenty-year time
frame. For this simulation the stock of students was started at 500, and the
desired enrollment was set at 1,000. As can be seen in the graphical output, it
took the simulated system about 16 years to reach a final steady state
enrollment level of 1,000 students.

ithink is a graphically oriented language. The model is created by literally
drawing its structure on a computer screen using the functional elements
provided by the language and the structural rules inherent to the software. The
software then creates, behind the scenes, the time dependent difference
equations necessary to execute the simulations. The system dynamics
approach and ithink software utilize techniques which are particularly useful
for incorporating functional relationships, where experts in the field know the
general nature of the response curve, but for which precise mathematical
representations are not available.

W
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EXHIBIT 1

Simple Enroliment Model Showing
Basic Modeling Components

6 BESTCOPYAVABLABLE



1: Stock Students

1200
1 1
/ 11/

800

1'
400

1.00 8.00 11.00 16.00 21.00
Years 2114 PM Thu, May 09, 2002]
a Demo Output
EXHIBIT 2 -

Output of Simple Enroliment Model

BESTCOPYA\/AILABLE




Description of MUSE

A causal loop diagram of MUSE is shown in Exhibit 3. For simplicity, this
diagram shows only the major variables and relationships in the model. For
example, in the full model there are stocks for freshman, sophomores, juniors,
seniors, and fifth year undergraduates. To make it easier to depict in the
causal loop diagram, undergraduate enrollment is shown aggregated into a
single variable. The arrows in Exhibit 3 show the major ways each variable is
impacted by other variables. There are a number of feedback loops in the
model which amplify change (positive feedback loop) or resist change (negative
feedback loop).

For example, the variable “Reserves,” the variable “Interest Earnings,” and the
variable “Net Income” form a positive feedback loop. As reserves increase, more
interest earnings are generated and therefore more net income is created. The
reverse is true if reserves are negative. In this case, the model assumes
borrowing is necessary and the interest expense reduces net income, thereby
further reducing reserves. Positive feedback loops such as this represent a
“spiraling” or continuously compounding phenomenon which would simply
compound itself indefinitely in a single direction unless controlled by goal-
seeking negative feedback loops elsewhere in the simulator, such as is the case
in MUSE. A negative feedback loop is formed by the variables “Number of
Applicants,” “Number of Students,” “Class Size” and “Perceived Attractiveness.”
As applicants increase, enrollment increases. As enrollment increases, class
size increases. As class size increases, attractiveness decreases and
subsequently the number of applicants declines. This loop seeks a steady state
level instead of increasing without bounds. MUSE contains a number of both
negative and positive feedback loops and as such is a stable, goal seeking entity
in aggregate.

The full diagrammatic representation of the MUSE simulator is shown in
Exhibit 4. It has 20 variables that are represented as stocks. A linked chain of
stocks (an outflow from one is the inflow to the next) is the number of ‘
applicants, the number admitted, and the numbers of first, second, third,
fourth, and fifth year students, and graduates. Other important stocks are the
number of faculty who teach undergraduates, the square feet of space required
for classrooms, the space required for faculty offices and laboratories, the
endowment principal, and the perceived level of attractiveness of the institution
to potential applicants. Every stock has at least one inflow and outflow. For
example, in the case of the stock representing space required for classrooms,
the inflow is “building facilities” and the outflow is “demolishing facilities.” In
MUSE, “hiring faculty” is a flow into the stock of existing faculty. “Faculty
leaving” is a flow that reduces the current stock of faculty. The student stocks
generally have two outflows. For example, at the end of the freshman year,
students can either move on to the sophomore year or leave the institution.

The “perceived level of attractiveness” stock is an arbitrarily scaled stock
(relative to current conditions) that changes depending on a series of factors
such as student-faculty ratio, tuition level, student aid level, and quality of
undergraduate programs.



Euumu_ﬂ GOOJ jesned 3ISNAN
: € LigiHX3 jusumopuy

asuadxy 10
sSutureq 3Sa133U]

\

awooU] 19N <+

swoouj

asuadxyg
— PV

SOATISIY juaprus

?zIS
sse[)

/

SSOUANORINY
P3A19219d

JUSUWIISIAU] sanIoey

readep

YoIeasay

<

papung <

A33rensg
Suruonisod jusuwaidur]

.

uonuaRy —___ sjuapmys sjyueonddy .

<.

jooN Jo 'oN
HDMHQ'H. \'

jusUI[oIuy WNWIXBN




JSNM JO uo|IBULSEIdey d3BWWeIBeIQ] |Ing

=00 043
tsean ded
¥ LIgIHX3 ¢ Suprinq
areq 58 pese o Y
=) o d 4p w
RIS pambar Pannbar o oppess O
i il 1500 PAASVOO 4§ Aonawn BERO
6 w bou 33 pe3v o ws Bupiing
0 0%)
sovdg peay 19410 q¥1 ¥ Jo 38} BN |
NUIAI voI @ 49 woolssep
n
on Fo: 6 w z Bunisiowep B o obos
€ Buusiowep € Buiping gBupna - dn s P D
1oa0rd [ pannbos j58 pese dnums 3w 30 Saeoy 2n Bdgp
pre oonim do 3 mos
ruIMmY s
unujjon ssuadxe pazmbas 4O woostsw) M3
" .
o Buywonysod rwaursidun ssuades do 1aunima - osund Fsuodye Suigren Fowopsod
asuad: . 1500 wrerd frmaual uy " +
o osuades oprs 1 pm womm S ades Aarag on »yin ) By 70 ' 1o
fipnwy e »dw Aynae) euonppY
Towonisod esuadxe [\o} 28} s0d &1
Surwonisod roauraqdury Arees 0w O Baw } 5d suogoes
01 asuadxa ) 100 wausidus; 01 dxa (o & a1 popuny
s 0 1ms 0 Kiges o8y H poars suonaor
1d $mwoprsod Bumomsod 24¥3] o8 oy dn Qnov)seyio Jougio Bag - )80 r
Euﬂ:ﬁg&u. S.ua.u.,_ ” tosardhy * ddns 01 dxo g0 nu ARI[ )
t dnums
ogu 1211 dvo o P N [TV suopoes s a7 smvja o
) 80 30) z6uwoe N, Z Buuny Buinee) o4, pansp
asuadxa uoddns bﬂwﬂm b Awnoeg
%5 12d Supwonisod osuadxe 40 on @ paanbes
suousduty 07 aedyd dxo oddns AU 19410 2. B
A g ) (o nd v Hurp onu o
8) 8 1d dxa ) onrs %) %) pros
Suisre puy woddns sjgeue saz popuny E..: amq ofw o8} pms A
fagnoey aytn 2P B Ve azps e
PIpony 01 2 papon) 3¢) o omu /=
on a Bum N - Squwmp Izps ssRpd T8 £3T]2 34 SUORIN
e o,
[ rpepamarie P 1Rz 3P RITE ) pras ofuwy> vop9s iy q
1D prEum) %) 304 Jo vomiod &3 Bujaosd
s 1T oM
soneseY y 0218 8691 658q ons ssUP VW
g0 $BAIOSO) UO MEID ans 0BU eUTOLO
Bujuosion fomy— 9%uwg> somm
[ nmul g apt 180AY) ded QL) 19U
posru 0o Ipq poajelog
a3 Jo tusorad vo pmon Ao uaujjon Supme
Lok el RuApLe weased of stuvgs
1eduy) Sujuensod mo)
popeau) ojdiund opdioupd DI Yswords Pi® voniiny Suponisod
mopua Jo wrowe Mopu3 Jo 35N LR 13 QORI 19U 35¥q Tuepma sod uopny 1eu wwadun waunsaipe
o o] Popun) 10} TUUI05UD SEDXD
onUOAB) LIORIN
dxa 20 o) 1S3z} on@mol 10 woRm
mopud fusn 0pus Sujppe QIBIUONINI DN $n uy ofTegag
a1 tnoked A2 m yod @ pesd ooy [Mmoy
61u 1020w
mopus duy | vonuerey '
ajdiuud mopug a8 posn
MOPUI MmN
posn 01 mopu2 ‘dury 7 vonaas ‘
€ 8181 oRUaLes Z 6181 uopUOTe) | 818l uoguela) 1B QUIPED
uy mopua W) Jo o i QoL AR 180 . i
e (T G—===™ a0 @ >0 e
a¥uey> oeaw vo X D X penoaag
wedy Survonrsod Yy uonmal uo Pedur Suivomsod
#2u3ANIRAI GO ‘ .:S_.wﬂ ¥ BuenpeiB I ]
4 woeduy Buronisod varagdusy )% € Aun Bupneey mvw Z mun Bujage| AW_ 1 Aun Bungoy MO ouipop petsolo)
Sujuopod 1o, bos n__-‘ ( . __ n A d
» Sunenpes 10 uoNUAMAI [UIAA0 Tuspms 23d pannbas Kinony . _»._."u_--_ ) pos! 5 Buy g v B € Bupnuy | 2 Il Bukidde
w0 vdus Rugoopnsod B i wnu. = _numwﬂ o wl. I w" T@“ o“n@ﬂ
h 2
Bugenpesd 1g3wjjomd Yea
s S— fuwnfy Ayps 1 yunogy e 1K pucoeg shieng sywpy Sweonddy
JTN[OSUD $WIIXD . ol 01 feniw ‘
ORI JURLF[OILY b h
Sunerowsw

— uonenfeAg 213a1eng ANSIIAN 10 [SPOIA - mmDE\_




MUSE incorporates about 130 converters. These range from a simple converter
to input the current tuition rate, or average research revenue generated per
faculty member, to graphical relationships which serve to relate two or more
other converters. For example, the number of undergraduate class sections is
related to the desired maximum class size using a graphical relationship in a
converter. Another graphical function in a converter relates the expected
change in institutional attractiveness to tuition level. A similar graph relates
average level of student aid to institutional attractiveness.

Data Sources

The University employed an external consulting firm to develop estimates of the
expected impact of possible innovative improvements in the undergraduate
academic programs, as well as changes in student-faculty ratio, tuition level
and average levels of student aid. The consultants estimated the changes that
the University could expect in terms of number of applicants and percentages of
applicants converted to enrollees. They based their estimates on statistical
studies of data gathered through interviews of potential applicants and actual
applicants as well as comparison studies of similar institutions. An internal
task force appointed by the President of the University to study undergraduate
education and life estimated potential changes in student retention rates. The
deans’ offices provided data on faculty teaching loads. Data on course section
sizes were provided by the Registrar’s office. Financial data were provided by
the University’s office of Budget and Financial Planning. Space for classrooms
and teaching laboratories, faculty offices, and research laboratories was
provided by the Institutional Planning office, as was the cost of creating
additional facilities.

Application

The value of the MUSE simulation model is that it provides the capabmty of
rapidly assessing the likely impact of simultaneously implementing a series of
possible policy or strategic changes that would be too complex to effectively
assess mentally or analytically and too slow, risky and expensive to assess by
real-world implementation. Scenarios involving a wide variety of combinations
and levels of changes in tuition rate, student aid, student-faculty ratio,
enhancements in undergraduate programs, maximum/minimum class size,
and endowment returns and utilization policies have been evaluated. The
output variables are number of applicants, enrollment, number of faculty,
space requirements, income, expense, and level of financial reserves. Analyses
with MUSE have indicated that viable scenarios exist that yield a 62% increase
.in the number of applicants, raise enrollment to a predetermined target level,
and achieve financial equilibrium. An example of such a series of analyses is
presented in the following paragraphs.

To analyze the likely impact on the institution of a series of proposed strategic
changes targeted toward dramatically increasing the number of applicants to
the university’s undergraduate programs and increasing the undergraduate
enrollment to a prescribed target level, a series of three case studies were
analyzed:
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1) Case 1 is the base scenario. It assumes no major changes are
implemented and that the university continues to operate under the
existing conditions.

2) Case 2 assumes that major programmatic changes that were
recommended by a special Presidential Commission on
Undergraduate Education and Life are put in place and broadly
marketed. Primarily, these changes involve modifying the curriculum
to incorporate a strong focus on experiential learning, special
undergraduate introductory seminars, and a substantial reduction in
the maximum class size.

3) Case 3 incorporates the Case 2 changes and, to pay for these
changes, increases undergraduate tuition and reduces financial aid to
the maximum extent the President’s Commission felt is advisable and
within the range analyzed by the external consultants. Tuition was
increased by approximately 20 percent, and student aid was
decreased by about 14 percent. Also, minimum class size is
increased from one to eight.

Results

The impact of the above changes on applicants, enrollment, number of faculty
required, square feet of facilities required, and financial reserves are shown in
Exhibits 5 through 9 respectively. The cases were analyzed by running the
MUSE simulator for 20-year periods.

As can be seen in the graphs, Case 1 shows the steady state conditions are
maintained when no changes are implemented. Case 2 shows substantial
growth in number of applicants (65 percent) and achieves the targeted growth
in enrollment of about 25 percent. However, undergraduate faculty grows by
70 percent, required square feet of facilities increases by about 60 percent, and
reserves nosedive to a deficit of $670 million. The additional changes
implemented in Case 3 are aimed at stabilizing the finances of the institution at
a neutral level. As shown in the graphs, the latter objectives of financial
neutrality and stability are achieved in Case 3. An initial investment which
reaches a maximum level of about $22 million is required, but the return on
this investment is such that it is fully paid off, including interest, in fifteen
years. A small drop in the increase in number of applicants, from 65 percent to
60 percent is experienced, but still a substantial increase in the ratio of
applicants to first year enrollees (selectivity) from 5.5:1 in the base case to 8:1
in Case 3, an almost 50 percent improvement.

Conclusions

The MUSE simulator described and illustrated in this paper is shown to be a
very powerful tool to analyze and assess the impact of a broad range of strategic
initiatives on the performance, operations, and finances of an institution of
higher education. The structure and uses of the model are applicable to a
broad range of institutions by customizing the parameter values to any college
or university.
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