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ABSTRACT 

The main objective of this research is to construct an interactive simulation model, 

on which a range of problems concerning the academic aspects of a university management 

system can be analyzed and certain policies for overcoming these problems can be tested. 

More specifically, the model focuses on long-term, strategic university problems that are 

dynamic and persistent in nature. The model generates numerous performance measures 

about the three fundamental activities of a university, namely, teaching, research and 

professional projects. To construct such a game, a system dynamics model of the academic 

aspects of a university system is built. The model is validated and verified by standard tests. 

After these tests, some illustrative scenario experiments are done to demonstrate the analysis 

capabilities of the model. Next, the necessary changes are made on the model to construct 

the interactive gaming version and the gaming interface is programmed. After the game is 

validated, it is played by a group of faculty, members, teaching assistants and students. 

Finally, the game results of these players are analyzed and compared. Differences in 

performances reveal that players with different orientations focus on different performance 

measures in making decisions 
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DZET 

Bu ar~tlfInanm ana amaCl, tipik bir' ilniversite yonetim sisteminin akademik 

cephesiyle iIgili sorunlann analiz edilebilecegi ve bu sorunlan <;:ozmeye yonelik politikalann 

smanabilecegi bir etkile~imli benzetim oyununun kurulmasldlr. Model, ozeIlikIe dinamik ve 

silrekIiIik gosteren, uzun vadeli, stratejik ilniversite problemleri ilzerinde odaklannl1~tIr. 

Model, bir ilniversitenin ily ana fonksiyonu olan ogretim, ar~tIrma ve proje1er hakkmda bir 

dizi perfomans,olyiltil hesaplamaktadlr. Boyle bir etkile~imli benzetim modelinin kurulmasl 

i<;:in oncelikIe ilniversite sisteminin akademik cephesinin bir sistem dinamigi modeli 

kurulmu~tur. Daha soma, bu model ilzerinde bir dizi standart geyerlilik smama testi 

yapllml~tIr. Gegerlilik testlerinden soma, modelin sagladlgt analiz imkanIanm smamak ilzere 

bir dizi senaryo deneyi yapllml~tIr. Modelin etkil~imli versiyonunu hazlrlamak i9in 

gef(;ekIe~tirilen degi~ikIikIerden soma oyun arayi.izi.i programlanml~tIr. Daha sonra, oyun 

ge<;:erlilik a91smdan smanffil~ ve ogretim ilyeleri, ar~tIrma gorevIileri ve ogrencilerden 

olu~an bir grup oyuncu tarafindan oynanml~r. Son olarak, bu oyunculann oyun sonu9lan 

incelenmi~ ve kar~tl~tInhm~tIr. Oyuncularm' perfonnanslan arasmdaki farklar degi~ik 

akademik onceliklere sahip oyunculann karar altrken farkIl performans olyiltlerini 

gozonilnde buiundurduklanm gosterm~r. 
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1. INTRODUCTION 

The information age we are living in is a time when humanity witnesses the truth 

that lies behind the proverb "Knowledge is power.", as clear as never before. Today, all the 

nations of the world try to cover the path that leads· to the 'information society', as soon as 

possible. The most important driving force towards that destination is a well educated 

human potential. During the recent decades, it has become quite clear that the most critical 

agents for generating a qualified human potential are the universities. The universities 

further deserve the merit of being the leading actors behind the formation of the information 

society, because of their role in accumulating and shaping scientific knowledge. 

With the increasing emphasis on the importance of universities, the intensity of the 

debates concerning the universities seemed to increase, as well. This fact can be explained 

by the need of a radical and extensive reform in the structure and the functions of the 

universities, in order to cope with the rapid changes in the demands and expectations of the 

society from universities. 

While the need for reviewing and reshaping the objectives, strategies and policies 

become inevitable, the more urgent problems concerning the financial and the academic 

aspects of the universities still wait to be solved. Especially in developing countries, where 

the university problems have a systemic and chronic nature, the actions for solving these 

problems deserve to be among the main priorities towards constructing a better future for 

the society. 

Most of the problems concerning the universities are unlikely to be solved without 

macro level policies, which must be employed by governments and international 

organizations. However, there are many lower level problems, which can be handled and 

solved to a certain extent within a single, individual university. Developing and 

implementing such solutions deserve considerable effort, because university administrations 

can not set all hopes upon the actions from government and wait for the day when some 

help will reach from outside the university. 



This study is done with the goal of constructing a model, a quantitative platform to 

analyze the problems concerning the academic aspects -of a university system and to test the 

effects of possible solutions. 



2. PROBLEM BACKGROUND 

Administrators of contemporary universities face the challenge of maintaining the 

quality of the fundamental functions of a university, namely teaching, research, academic 

and professional service, while tying to serve an increasing number of students, under the 

pressure of limited resources in terms offaculty, facilities and income. 

5] 

The most often discussed problems of the contemporary universities are [1, 2, 3, 4, 

(a) an unbalanced growth in student population; 

(b) increasing student / faculty member ratios because of an insufficient 

increase in faculty body; 

( c) an infrastructure that can not keep up with the student growth; 

(d) faculty members unable to carry out sufficient research; 

(e )insufficient funding for research infrastructure; 

(g) concerns about quality of class instruction. 

Though these problems are encountered in academic environments of almost all 

countries, the size and complexity of the problems seem to be greater in developing 

countries like Turkey. [1,4] 

An important fact about these problems is that most of them are persistent ones. For 

example the sheer growth of student popUlation is addressed as the most important problem 

of Turkish higher education system and it is not likely to diminish in the visible future. The 

ratio of high school graduates who seek higher education to those who can acquire it is 

greater than three and this ratio seems to increase though there are considerable efforts to 

channel the pressure to 'open universities' (In Turkey, the percentage of students who 

attend to 'open universities' among all university students is 42 per cent.) [1]. All these 

figures, together with the low likelihood of a dramatic increase in funds dedicated to higher 

education, which would generate new university capacity, indicate that the problem of sheer 

growth in student population is a persistent one. The fact that emerges directly from 
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recogmzmg the above mentioned problems as persistent ones IS that university 

administrations have to continuously seek solutions that alleviate the severity of these 

problems. 

Most of the innumerable studies written on univ,ersity problems include the authors' 

different suggestions for solutions. Almost all the authors emphasize the necessity of 

increasing the budgets of the universities [1, 3, 5, 6]. One of the possible ways to realize this 

increase is pointed out as giving the universities administrative and financial autonomy, so 

that the administrations can expand their means of finance and choose the policies that will 

optimize the use of their limited resources [1, '3, 6]. Another suggestion is to increase the 

share of the students' tuition in covering the teaching expenses along with implementing 

proper scholarship policies [1, 2]. 

. A suggestion to decelerate the student population growth is to expand the associate 

degree education. The current percentage of associate degree students among all higher 

education students is 10 per cent, in Turkey [1]. 

Another important concern about universities is the quality and quantity of research 

activities. Current figures about the research activities in Turkey are far from being 

satisfactory. The number of research papers published in international journals per faculty 

member per year is around 0.17 [1]. The solutions suggested to increase the quality and 

quantity of research are centralized around increasing the ratio of graduate education 

against und,ergraduate education. But the problem of insufficient funds appear as an 

obstacle. One way to overcome this obstacle is proposed as increasing the funds received 

through research and development projects [2, 1]. 

An important facet of the university problems in Turkey is insufficient faculty body. 

The current student/faculty ratio in Turkey is around 24, while the recommended ratio is at 

most 15 [1]. The quality of the faculty members is an important concern, as well. There are 

noteworthy suggestions to increase the quantity and quality of the faculty members. One of . 

these is to establish 'elite universities', which would have low students/faculty ratios, high 

graduate/undergraduate student ratios, high teaching and research budgets [1]. Another 
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suggestion is forming extensive and lasting exchange programs with reputable higher 

education institutions. These programs,. which would involve both students and faculty 

members, are expected to increase instruction quality [2]. 

All the solutions suggested above are large scale ones and require plans and initial 

actions from government. But until these plans are made and actions are taken, university 

administrations should develop and implement. their own methods and policies in order to 

tackle their own problems at an 'individual' level. 

A radical solution is to implement professional administration in universities. The 

argument is that most rectors, not having a professional administration background, lack 

some important experiences which are possessed by professional managers and 

administrators [1, 2]. Some authors propose a synergy among the rector, who should be an 

academic personality, and professional administrators [2], while some others suggest that 

academic background should not be a must for a rector [1]. 

Along with professional administration, implementing strategic planning and total 

quality management in universities are suggested, as well [2]. There are considerable efforts 

on TQM implementations in universities of various countries. In 1989, Oregon State 

University became one of the first American higher education institutions to implement the 

TQM methodology. At the beginning of 1990s not less than 78 institutions were either 

exploring or attempting to implement TQM [7]. The attempts towards TQM in the U.S. 

were followed by efforts in other countries [8, 9, 10]. 

Yet another methodology. used to improve university administrations in order to 

cope with the existing problems is System Dynamics. Though not numerous, there have 

been notable work on the use of System Dynamics methodology on university systems and 

problems. 

An important study, which was done by Zhang, Zhang and Mong in 1990, presents 

a system dynamics model of the management system of a Chinese college. The model was 

constructed in order to analyze the dynamics behind the development of a college. The 
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authors try to point out the problems and include some results of policy experiments. The 

paper includes some major conclusions and suggestions for improving the behavior of the 

system [11]. 

Another notable study was done by Mahmoud and Genta in 1993. The paper 

introduces a system dynamics model of Athabasca University, an open university in western 

Canada. Authors focus on issues such as service quality, course development and market 

potentia1. The necessity of a dynamic model for analyzing the long term implications of 

different policies is emphasized and some general conclusions reached through scenario 

analyses are presented [12]. 

In 1993, Saeed presented his study on the dynamics of higher education 

organizations in the developing countries. The author introduces a conceptual" system 

dynamics model of a collegial system. The importance of the balance between 

administrative and academic, or professional activities as the authors puts it, within a 

collegial institution is emphasized throughout the paper. Finally, the author discusses the 

main dynamics, namely the feedback loops, that maintain and develop the productivity and 

the economic health of the collegial organizations [13]. 

Frances et al. have done a study on the use of System Dynamics methodology to 

improve planning and budgeting for higher education. The paper summarizes the System 

Dynamics projects realized in Arizona and Texas in order to improve higher education 

planning. The final part of the paper includes a section on advantages of using System 

Dynamics methodology for planning purposes [14]. 

Two other studies, which do not make use of System Dynamics methodology, 

deserve to be mentioned for"they are based on system simulation methodology, which is 

closely related to System Dynamics. First of these is the study ofVemuri, published in 1982. 

This paper presents a methodology for modeling a university research support service 

system (RSSS). After the framework and main structural and functional components of an 

RSSS are introduced, the simulation model is explained. The rest of the paper includes the 

model validation and some scenario analyses [15]. 
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The other study using system simulation methodology is a paper by Sinuany-Stem, 

published in 1984. The paper introduces a financial planning model for a multi­

campus college. After the explanation of the model, some scenario analyses are presented 

[16]. 
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3. PROBLEM STATEMENT 

The problems that contemporary university administrations face and possible 

solutions have been studied both on macro and micro levels by many researchers, as 

presented in the preceding section. Most of the studies presented herein were based on 

certain quantitative research; yet, a great portion of literature on university problems and 

their solutions in Turkey do not have quantitative foundations, mostly because such systems 

involve qualitative (human) elements that are difficult to quantify and model. The link 

between the qualitative and the quantitative aspects of the problem is important and 

therefore deserves more research. A possible approach, in order to model and explore this 

link, is System Dynamics; a methodology which employs a set of techniques that allows 

quantitative and realistic representation of variables that are typically perceived to be 

qualitative. This study intends to construct a quantitative platfonn, on which a range of 

problems concerning a university administration system can be analyzed and certain policies 

for overcoming these problems can be tested and compared. 

In particular, the model will focus on those university problems that are dynamic and 

persistent in nature and as such must be addressed by high level, strategic policy-making 

mechanisms within the university. These strategic policy making mechanisms are typically 

the rector; the deans, and the major policy-making councils at the university and divisional 

levels. The final goal of the research is constructing an interactive gaming version of the 

model that can be played by such policy IIlakers. 



9 

4. RESEARCH METHODOLOGY 

In this study, an· interactive dynamic simulation model, which is intended to 

represent the academic aspects of a university system is built. The tool used to analyze the 

system and build the model, is System Dynamics methodology. 

System Dynamics methodology was introduced in 1960's by a group of scientist at 

Sloan School of Management at MIT. At the beginning, it was applied to industrial systems. 

During 1970' and 1980's it has become extremely popular and has been applied to a wide 

range of systems, including ecological, economic, sociological and even psychological 

systems. 

System Dynamics methodology performs satisfactorily in analyzing and modeling 

complex, large scale, non-linear, partially qualitative social systems. The main assumption of 

System Dynamics approach is that the world, with all its physical, ecological, sociological, 

economic aspects, is a whole and is composed of innumerable sub-systems. Other important 

assumptions of System Dynamics are: 

(a) direct causal relationships between variables, 

(b) interdependence of causal factors through feedback loops. 

Whenever there is a two way causal relationship among variables, there exists 

feedback. For example, assume that a cha~ge in variable X changes variable Y and after a 

time delay a change in variable Y changes X; here exists a feedback loop between X and Y. 

A change in X changes Y, and this change in Y changes X and so on. Feedback loops 

typically involve more than two variables. There are two types of feedback loops: positive 

and negative. In case of a positive feedback loop, an initial increase in X returns back to X 

through the feedback loop as an increasing effect; and an initial decrease in X returns to X 

as a decreasing effect. Thus, positive feedback loops reinforces the initial change over time. 

On the other hand, an increase in X returns to X as a decreasing effect through a negative 

feedback loop,. whereas a decrease returns as an increasing effect. 
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Almost every system includes a number of both negative and positive feedback 

loops, which interact and operate simultaneously. Large scale models include large numbers 

of feedback loops. It is not unlikely to encounter variables which are related to several 

thousand feedback loops within a model with several hundred variables. The length of 

feedback loops may vary from two variables to several hundred variables within a large 

scale model with around one thousand variables; but generally, as the length of the feedback 

loop increases, its impact decreases . 

. An important distinction of System Dynamics methodology is that it is used to 

analyze dynamic systems ,in which the fundamental variables tend to change through time. 

This means difference equations are the main mathematical structures. 

The variables are grouped into three according to their mathematical characteristics. 

First group are the 'stock (or level) variables', which represent values that accumulate or 

decay through time. The value of a stock variable, at a given time, depends on its previous· 

values, and the sum of inflows and outflows in the previous time interval. 

The second group are 'flow (or rate) variables'. These variables represent the 

changes in stock variables through time. So, they are connected directly to stocks that they 

change. Stock-flow relationships correspond to differential equations whereby the flows 

represent the derivatives of stock variables. 

The third group are 'converters'. These variables represent quantities which are 

determined at every time increment only by the variables that effect them and not by their 

previous values. Thus, they simply represent how a certain variable depends on other 

variables at a point in time. 

The models may be represented by causal loop diagrams, which show the caus~ 

relationships between variables without making any distinctions between stocks, flows and 

converters. Structure diagrams, on the other hand, which show both the causal relationships 

and the mathematical characteristics of the variables. Naturally, a set of mathematical 

equations, which demonstrate the algebraic relationships among the variables; accompany 

these diagrams. When expressing it mathematically, i.e. with equations, the model can be 
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reduced to equations that represent only the stock variables. 

The normal procedure of constructing a System Dynamics model begins with 

describing the problem. After that the scope of the model is determined in order to set the 

boundary and define the variables of the model; this step is called 'model 

conceptualization'. The next step is 'model construcijon' which is self explanatory. After 

the initial construction step, various verification and validation test are executed on the 

model. These test can be grouped in two groups as 'structural' and ' behavior' tests. 

Structural tests include the verification stage during which the simulation program is 

examined in order to determine whether it is doing what it is expected to do. according to 

the current structure and equations. Then comes the extreme condition tests, which are 

executed in order to determine whether the model exhibits expected behaviors under 

extreme conditions. After that the sensitivity tests are· executed in order to determine 

whether the sensitivity of the model to changes of different parameters is at an acceptable 

level. After structure tests behavior tests are executed in order to determine- whether the 

model behavior is statistically close enough to the behavior exhibited by the real system. 

During all these tests, necessary modifications on the model are made. 

The model that is presented in this study is used to drive an Interactive Dynamic 

Simulation Environment. In recent years, Interactive Dynamic Simulation Environments 

have been one of the main areas of interest in the field of System Dynamics. Such 

simulation environments are developed to provide a realistic micro model of-a given system, 

which lets the users test their decisions interactively without interfering the real system. 

Interactive Dynamic Simulation Environments provide considerable benefits, both as 

a teachingllearning tool and as a research tool. Their main benefit is that they encourage 

active learning which relies mostly on the participation of the user, letting him to learn about 

the system that was modeled, as ifhe were interacting with the real system. Another benefit 

is that this method enhances communication between the individual learners who form a 

group within an organization, since it requires discussions in small project teams. The main 

benefit provided by Interactive Dynamic Simulation Environments as a research tool is that 

using these tools it is possible to test the validity and robustness of a model, by having a 

. wide variety of participants play the game making all kinds of different decisions. Interactive 
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Dynamic Simulation Environments also have the poten"tial of a research tool for analyzing 

the various aspects of dynamic decision making theory [L7]. 

The mIcro models can be presented as computerized simulation games usmg 

interactive dynamic simulation game designing environments, like MicroWorlds Creator 

[18], dynamic system simulation packages like Stella, Dynamo, Vensim, etc., programming 

languages like Pascal, C, C++, etc. or even spreadsheets like Excel, Quattro Pro, etc. The 

software package used to build the model presented in this study is Vensim (Ventana 

Simulation Environment). The gaming interface was written in and is ran through Vensim's 

built-in Venapp (Ventana Application) facility. 



13 

5. MODEL DESCRIPTION 

5.1. Overview 

The model presented in this study focuses on the academic aspects of university 

. administration system. The main concerns while modeling the system were faculty 

members' time allocation among main activity groups, the factors that determine this 

allocation, allocation of certain facilities and the performance indicators realized as a result 

of these allocations. The basic time step used in the simulation is a semester. 

The model is constructed on sector basis. The mam sectors are determined 

according to the main academic activity groups of the faculty members. Before determining 

their activities, faculty members are grouped into two. First group are 'Graduate Faculty 

Members', who are primarily involved in graduate instruction and research. These faculty 

members are also involved in under-graduate instruction. The second group. are 'Under­

graduate Faculty Members', who are involved only in under-graduate instruction and have 

little interest in research. Still, they are involved in research to a certain extend. 

After this grouping, main activity areas of the faculty members are determined. 

Graduate and under-graduate instructions are the first two. These instruction activities are 

further divided into two within each one as (a) in-class instruction and (b) instruction 
, 

overhead, which includes all out-of-class activities related to instruction, such as preparation 

of lectures and tests, revision of tests and homeworks, office hours and 'advising. Another 

mam group are research activities. Research activities are divided into two as (a) 

unsponsored research activities, which are not sponsored financially except for the 

university's own resources and (b) sponsored research activities, which are supported by 

governmental or private organizations. 

The last activity group are project activities, which are divided into two as (a) 

income generating projects, which are activities like seminars, courses or consulting realized 
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through university channels and generate income to the university and (b) unofficial 

projects, which are activities like seminars, courses or counseling realized through non­

university channels and do not generate any income to the university. 

Based on the grouping above, the activities of a graduate faculty member are 

determined as: 

( a) graduate instruction, 

(b) under-graduate instruction, 

(c) graduate instruction overhead, 

(d) under-graduate instruction overhead, 

( e) unsponsored research, 

(f) sponsored research, 

(g) income generating projects, 

(h) unofficial projects. 

Similarly, the activities of an under-graduate faculty member are determined as: 

(a) under-graduate instruction, 

(b) under-graduate instruction overhead, 

(c) unsponsored research, 

(d) sponsored research, 

(e) income generating projects, 

(f) unofficial projects. 

After these analyses, the sectors of the model ar.e determined. The first sector is 

'Graduate Instruction Sector'. In this sector, the potential graduate faculty workforce that 

can be assigned to instruction and the need for graduate instruction is .calculated and the 

potential faculty workforce is assigned to graduate instruction. (Figure 5.1). If the potential 

workforce is not enough to compensate· all the need, the discrepancy is tried to be 

eliminated with some other strategies that are explained in detailed sector description. On 

the other hand, if the potential graduate faculty workforce for instruction is more than the 

need for graduate instruction, the surplus is transferred to 'Under-graduate Instruction 

Sector' . 
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In 'Under-graduate Instruction Sector' the need for under-graduate instruction is 

determined and compensated with the potential under-graduate faculty workforce that can 

be assigned to instruction and the surplus graduate faculty workforce for instruction, that is 

transferred, if any, from 'Graduate Instruction Sector'. Again, if the need is more than the 

available workforce, some other strategies are used to eliminate the discrepancy. (Figure 

5.2). 

In 'Graduate Instruction Quality Sector' (Figure 5.3) and 'Under-graduate 

Instruction Quality Sector' (Figure 5.4), graduate and under-graduate instruction quality 

. indicators are calculated. 

In 'Graduate Faculty Instruction Overhead Sector' the instruction overhead load for 

graduate faculty members ar~ determined and assigned to graduate faculty members and 

assistants. (Figure 5.5). The surplus graduate faculty workforce that remains after the in­

class instruction and instruction overhead tasks is calculated and divided among' research 

and project activities. This division procedure is explained in detailed sector description. 

Similar calculations are made in 'Under-graduate Faculty Instruction Overhead 

Sector' about the instruction overhead loads for under-graduate faculty members. (Figure 

5.6). The remaining under-graduate faculty workforce is divided among research and 

project activities. 

In 'Graduate Faculty Research S,ector' the total graduate faculty workforce for 

research is divided among unsponsored and sponsored research activities, according to 

unsponsored and sponsored research motivations. (Figure 5.7). These motivations are 

explained in detailed sector description. The outcomes of research activities, (research 

papers, funds an~ grants), are determined and some performance indicators are calculated. 

Similar procedures take place in 'Under-graduat~ Faculty Research Sector' and 

similar workforce divisions, motivations, research outcomes and Berformance indicators are 

calculated for under-graduate faculty. (Figure 5.8). Except that research activity levels are 

much lower in this case. 
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In 'Graduate Faculty Projects Sector' the total graduate faculty workforce for 

projects is divided among income generating projects ~ and unofficial projects according to 

the related motivations, which are explained in detailed sector description. (Figure 5.9). The 

funds obtained from income generating projects and the share of the faculty is calculated. 

In 'Under-graduate Faculty Projects Sector' similar workforce divisions, motivations 

and outcomes are calculated for under-graduate faculty. (Figure 5.10) . 

. In 'Lab Facilities Sector' the division· of the laboratory facilities among instruction, 

research and project activities is made and the changes in laboratory facilities are calculated. 

(Figure 5.11). 

In 'Assistants Sector' the assistant workforce is calculated and the maximum 

available assistant hours for instruction overhead assignment is determined. These figures 

are used in 'Graduate Faculty Instruction Overhead Sector' and 'Under-graduate Faculty 

Instruction Overhead Sector'. (Figure 5.12). 

5.2. Sector Descriptions 

5.2.1. Graduate Instruction Sector 

The main variables in this sector are 'Number of Graduate Faculty' and 'Number of 

Graduate Students'. (Figure 5.1). 'Number of Graduate Faculty' decreases through 'GF that 

Leave' and increases through 'New Grad Faculty'. 'New Grad Faculty' is determined by 

'GF Hiring Decision', under the constraints of 'Vacant Faculty Positions and 'Indicated GF 

Supply'. 'GF Hiring Decision ' is a user decision variable in the game version, but in the 

original model, it is computed so as to eliminate the discrepancy between the need for 

graduate faculty and the existing graduate faculty workforce. 'GF Supply' depends on 
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'Instruction Load per GF' and 'Historical Average GF Salary'. These variables effect 'GF 

that Leaves', as well. 

The variable that represents the graduate faculty workforce that can be assigned to 

instruction is 'Operating Total FTE (Full Time Equivalent) Grad Faculty for Instruction'. 

'Full time equivalent (FTE)' is a keyword that is used throughout this study and means the 

equivalent number of faculty members involved full-time in a certain activity. It can be 

explained better by an example: Suppose there are 20 faculty members who spend 114 of 

their time on research activities on the average; so we have 20 * (114) = 5 FTE faculty 

members involved in research. 'Operating Total FTE Grad Faculty for Instruction' is the 

product of 'Number of Grad Faculty' and 'Operating Maximum Instruction Hours per Grad 

Faculty'. This latter indicates the maximum weekly instruction hours that can be assigned 

to a graduate faculty member under normal conditions and is calculated by subtracting 

'Release Time for Grad Faculty' from 'Operating Maximum Instruction Hours per Under­

graduate Faculty' minus three; which is the normal operating maximum instruction hours 

per graduate faculty. 'Release Time for Grad Faculty' is the amount of decrease made in the 

weekly instruction load per graduate faculty member on the average, in order to leave them 

more time for research. It is a user decision variable in the game version. 

Graduate students are divided into two as 'Graduate Students 1', those who take 

courses and 'Grad Students 2', those whohave completed their credits and prepare their 

theses. The need for graduate instruction is represented by 'Total Grad Student Hours', 

which is the product of 'Number of Graduate Students l' and ' Average Hours per Grad 

Student'. 'Total Graduate Instr Hours Needed' is equal to the maximum of {'Total Grad 

Student Hours' divided by 'Desired Average Grad Class Size' and 'Number of Grad 

Programs' times 'Minimum Instr Hours per Grad Program'. 'Total FTE Needed for Grad 

Instr' is determined by dividing 'Total Graduate Instr Hours Needed' by 'Weekly Hours per 

Faculty' . 

After 'Total FTE Needed for Grad Instr' and 'Operating Total FTE Grad Faculty 

for Instr' are calculated, these variables are compared to see whether a discrepancy exists 

between them. This discrepancy is represented by 'Extra FTE Need for Grad Instr'. This 

variable takes a positive value if the need is more than available FTE or takes the value zero, 
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otherwise. 'Extra FTE Need for Grad Instr' is compensated by 'Part Time FTE for Grad 

Instr'. 'Part Time FTE for Grad Instr' can not be more than a certain percentage of the FTE 

graduate faculty assigned to graduate instruction. So, it is equal to the minimum of {'Extra 

FTE Need for Grad Instr' and 'Operating Total FTE Grad Faculty for Instr' times 'Max 

Part Time Percentage for Grad Instr'}. Note that, in this case, the FTE graduate faculty 

assigned to Graduate instruction is equal to 'Operating Total FTE Grad Faculty for Instr', 

because it is all used up .. 

If 'Extra FTE Need for Grad Instr' is greater than 'Part Time FTE for Grad Instr', it 

can not be compensated totally and a discrepancy, 'Grad Instr Discrepancy', occurs. This 

discrepancy is tried to be eliminated by increasing the average class size. 'Maximum Grad 

Class Size Allowed sets an upper limit for the 'Actual Average Grad Class Size' and if 

increasing the class size, even up to that limit can not eliminate the discrepancy, the variable' 

'Unsatisfied Need for Grad Instr' takes a positive value. This unsatisfied need is tried to be 

eliminated by assigning extra instruction hours to graduate faculty. Weekly instruction hours 

that can be assigned to a graduate faculty member, in cases of abnormally high instruction 

need ,is limited by 'Absolute Maximum Instr Hours per GF'. Assigning extra class hours to 

full-time faculty members increases the full-time FTE for instruction and therefor makes 

possible increasing the part-time FTE, because part-time FTE usage is limited by a certain 

percentage of full-time FTE for instruction. If the extra workforce which is given by the 

difference between 'Absolute Maximum Instr Hours per GF' and 'Operating Maximum 

Instr Hours per GF' and the additional part-time FTE is not enough to eliminate the 

unsatisfied need for graduate instruction, the courses that can not be assigned are canceled, 

so the variable' Canceled Grad Lecture Hours' takes a positive value. 

As an output of this sector and an input to 'Undergraduate Instruction Sector', 

'Implied FTE Grad Faculty for UG Instr' is calculated as the positive difference between 

'Operating Total FTE Grad Faculty for Instruction' and 'Total FTE Needed for Grad Instr'. 

Note that if this difference is positive, all graduate instruction need is compensated' by 

graduate faculty within the limit of operating maximum instruction hours; and the surplus 

FTE graduate faculty for instruction is transferred to 'Undergraduate Instruction Sector' to 

be used for under-graduate instruction. 
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5.2.2. Under-graduate Instruction Sector 

This sector resembles to ,'Graduate Instruction' Sector' in many aspects. (Figure 5.2). 

The dynamics governing 'Number of Under-graduate Faculty' are similar to the dynamics 

governing 'Number of Graduate Faculty'. The total fac;ulty workforce for under-graduate 

instruction is represented by 'Implied Total FTE for UG Instr' and is equal to the total of 

'Implied FTE Grad Faculty for UG Instr' and 'Operating Total FIE UG Faculty for Instr'. 

If the available faculty workforce for under-graduate instruction is more than the 

need, which is represented by 'Total FIE Needed for UG Instr', 'Extra FTE Needed for 

UG Instr' takes a negative value. This workforce surplus is divided among 'Surplus FTE 

Grad FaCUlty' and 'Surplus FIE UG Faculty', in order to equalize the instruction loads of 
I 

graduate faculty and under-graduate faculty members. On the other hand, if the need is 

more than the available faculty workforce for under-graduate instruction, then the 

discrepancy is tried to be eliminated by part-time faculty. Here, again, the amount of part­

time FIE is limited by a certain percentage of 'Implied Total FIE for UG Instr'. 

If part-time FTE fails to compensate the extra need, average class size is increased. 

The class size is limited by 'Maximum UG Class Size Allowed'. If increasing the class size 

even up to this limit fails to eliminate the discrepancy, the instruction loads on graduate and 

under-graduate faculty are increased. If increasing these loads up to absolute maximum 

instruction hour limits and using additional part-time faculty workforce can not compensate 

the need, some under-graduate courses are canceled. 

As all the instruction assignments are completed, average instruction loads per 

graduate and under-:graduate faculty member are calculated in this sector. 

There are similar sub-systems in 'Graduate Instruction Sector' and 'Under-graduate 

Instruction Sector' to arr~ge the number of programs. Number of programs are 

determined by the historical average number of students in both instruction sectors. As 

historical average number of students increases new programs may be opened and as this 

average goes under certain threshold levels, some programs are closed. 
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5.2.3. Graduate Instruction Quality Sector 

This is the sector where the graduate instruction quality indicators are calculated. 

(Figure 5.3). The main instruction quality indicators are 'Graduate Stupents/Grad Faculty 

Ratio', 'Actual Graduate Instruction Overhead per Grad Student', 'Actual Average 

Graduate Class Size' and 'Lab Facilities for Graduate Instruction per Graduate Student'. 

'Actual Graduate Instruction Overhead per Grad Student', 'Actual Average Graduate Class 

Size' and 'Lab Facilities for Graduate Instruction per Graduate Student', together with 

'Historical Average Research Papers per Grad Faculty', determine the 'Graduate Faculty 

Teaching Commitment' through 'Graduate Instruction Quality Index'. Effects of these 

quality indicators determine the 'Period Grad Instruction Quality Index'. The historical 

average of this index is 'Perceived Grad Instruction Quality Index'. The ratio of the 

'Assumed Graduate Instruction Quality Index', (which can be explained as the average 

graduate instruction quality goal of the faculty members), to the 'Perceived Grad Instruction 

Quality Index' indicates a teaching commitment. As the ratio increases in favor of the 

assumed index, 'Indicated GF Teaching Commitment' increases and as the ratio decreases, 

indicated commitment decreases. Another variable that effects 'Indicated GF Teaching 

Commitment' is 'AssumedlPerceived Under-graduate Instruction Quality Index' ratio, 

because graduate faculty is involved in under-graduate instruction,· as well. 

'AssumedlPerceived Under-graduate Instruction Quality Index' is a ratio that is determined 

in 'Under-graduate Instruction Quality Sector'. 'Graduate Teaching Culture, which is an 
, 

indicator of the long-term attitude of the graduate faculty members about instruction 

quality, effects 'Indicated GF Teaching Commitment', as well. The historical average of 

'Indicated GF Teaching Commitment' is 'GF Teaching Commitment' and it is used as an 

input to 'Graduate Faculty Overhead Sector'. 
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5.2.4. Under-graduate Instruction Quality Sector 

The quality indicators about under-graduate instruction are calculated in this sector. 

(Figure 5.4). This sector resembles to 'Graduate Instruction. Quality Sector'. 'Actual Under­

graduate Instruction Overhead per Under-graduate Student', 'Actual Average Under­

graduate Class Size', 'Lab Facilities for Under-graduate Instruction per Under-graduate 

Student' and 'Historical Average Research Papers per Faculty' effect the 'Period Under­

graduate Instruction Quality Index'. The ratio among the historical average of this index, 

'Perceived Under-graduate Instruction Quality Index' and 'Assumed Under-graduate 

Instruction Quality Index' determine 'Indicated UGF Teaching Commitment' together with 

'UGF Teaching Commitment'. The historical average of 'Indicated UGF Teaching 

Commitment' is 'UGF Teaching Commitment' and is used as an input to 'Under-graduate 

Faculty Overhead Sector'. 
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5.2.5. Graduate Faculty Overhead Sector 

In this sector the instruction overhead loads of graduate faculty members are 

calculated and the remaining graduate faculty workforce, after assigning in-class instruction 

and instruction overhead loads, is divided among research and project activities. (Figure 

5.5). 

Two different instruction overhead loads are calculated for graduate faculty 

members: graduate instruction overhead and under-graduate 'instruction overhead. The main 

, variable that determines the graduate instruction overhead is 'ActUal FTE Graduate Faculty 

for Graduate Instruction'. By assuming that a certain amount of in-class instruction implies 

a certain amount of instruction overhead, 'Normal FTE GF for Grad Instr Overhead' is 

calculated as the product of 'Actual FTE GF for Grad Instr' and 'Normal Overhead Ratio 

for Grad Instr'. 'Normal Overhead Ratio for Grad Instr'represents the instruction overhead 

load implied by unit in-class instruction load and is determined within certain limits by 

'Actual Average Grad Class Size'; as average class size increases, instruction overhead 

implied by unit in-class instruction load increases. A certain portion of 'Normal FTE GF for 

Grad Instr Overhead' is assigned to teaching assistants through the procedures explained in 

the detailed description of' Assistants Sector'. The rest of the implied instruction overhead 

load is represented by 'Indicated FTE GF for Grad Instruction Overhead'. 

The same approach is used for calculating 'Normal FTE GF for Under-graduate 

Instr Overhead' and assigning a certain portion of this load to teaching assistants, 'Indicated 

FTE GF for Under-graduate Instruction Overhead' is determined. 

By subtracting 'Total In-Class FTE GF', 'Indicated FTE GF for Graduate Instr 

Overhead', 'Indicated FTE GF for Under-graduate Instr Overhead' and 'FTE GF for Other 

Routine Tasks' from 'Total FTE Graduate Faculty', 'Total Indicated NonInstr FTE 

Graduate Faculty', is calculated. This is the maximum amount of FTE graduate faculty that 

can be involved in research and project activities by working the normal 'Weekly Hours per 

Faculty'. 
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On the other hand, 'Desired FTE GF for Research and Projects' is calculated as a 

function of the difference between 'Total FTE GF' and 'Total In-Class FTE GF', which can 

be stated as the total out-of-classroom FTE GF. The other variable that effects 'Desired 

FTE GF for Research and Projects' is 'Graduate Faculty Research and Projects 

Commitment', which is the arithmetic average of 'Graduate Faculty Research Commitment' 

and 'Graduate Faculty Financial Pressure'. 'Graduate faculty Research Commitment' is 

explained in the detailed description of 'Graduate Faculty Research Sector' and 'Graduate 

Faculty Financial Pressure' is explained in the detailed description of 'Graduate Faculty 

Projects Sector'. 

'Desired FIE GF for Research and Projects' does not have to be equal to 'Total 

Indicated Non Instr FIE GF'. It can be more or less than this value, as well as being equal 

to it. If it is less a certain amount of 'Inactive FIE GF' occurs. This gives the total idle 

graduate faculty hours. If 'Desired FIE GF for Research and Projects' is more than 'Total 

Indicated Non Instr FIE GF', 'Indicated GF Extra Work Load takes a positive value. This 

variable represents the average extra weekly hours per graduate facuIty that must be worked 

in order to sustain the desired amount of time for research and project activities. If this extra 

load is more than a certain amount, a reduction need in overhead activities ocCurs; this is 

represented by 'GF Overhead Reduction Need' and implies 'GF Overhead Reduction 

Coefficient', which takes values between zero and one. This coefficient depends on 'GF 

Teaching Commitment', as well. As the teaching commitment increases the reduction 

coefficient decreases. Indicated overhead loads are multiplied by one minus 'GF Overhead 

Reduction Coefficient' and the actual overhead loads, 'Actual FIE GF for Overhead Grad 

Instr' and 'Actual FTE GF for Overhead UG Instr' are determined 

By subtracting 'Total In-Class FIE GF', 'Actual FTE GF for Overhead Grad Instr' 

'Actual FTE GF for Overhead UG Instr' and 'FIE GF for Other Routine Tasks' from 

'Total FTE GF', the variable' Actual Non Instr FIE GF' is calculated. 'ReducedGF Extra 

Work Load', which is the difference between 'Desired FIE GF for Research and Projects' 

and 'Actual Non Instr FTE GF', represents the average extra weekly hours per graduate 

faculty member after reducing the instruction overhead. If this extra load is more than 'GF 

Bearable Extra Work Load', which is the averag~ maximum weekly extra hours that can be 

accepted by a graduate faculty member, this means that 'Desired FIE GF for Research and 
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Projects' can not be realized entirely. 'Available FTE GF for Research and Projects' is 

calculated as the total of 'Total Non Instr FTE GF', (which is remaining normal weekly 

graduate faculty workforce), and the minimum of desired and bearable extra work loads, 

represented by 'Reduced GF Extra Work Load' and ' GF Bearable Extra Work Load', 

respectively. 

. . 
'Actual FTE GF for Research and Projects' is equal to the minimum of desired or 

available FTE GF for research and projects. 'Actual FTE GF for Research and Projects' is 

divided among 'Actual FTE GF for Projects' and 'Actual FTE GF for Research' according 

to the relative weighs of 'GF Financial Pressure' and 'GF Research Commitment'. 

5.2.6. Under-graduate Faculty Overhead Sector 

This is the sector where the instruction overhead loads of under-graduate faculty 

members are calculated and the under-graduate workforces for research activities and for 

project activities are determined. (Figure 5.6). This sector resembles to 'Graduate Faculty 

Overhead Sector'. The dynamics in both sectors are similar. The main difference is that only 

under-graduate but no graduate instruction overhead is assigned to under-graduate faculty, 

because they are not involved in graduate instruction. 

'Normal FTE UGF for UG Instr Overhead' is determined by 'Actual FTE UGF for 

UG Instr' and 'Normal Overhead Ratio for UG Instr', and then divided among under­

graduate faculty members and teaching assistants. The share of under-graduate faculty is 

represented by 'Indicated FTE UGF for ua Instr Overhead'. After this value, 'Total In­

Class FTE UGF' and 'FTE UGF for Other Routine Tasks' are subtracted from 'Total FTE 

UGF' and 'Total Indicated Non Instr FTE UGF' is determined. By comparing this value 

with 'Desired FTE UGF for research and Projects', 'Indicated UGF Extra Work Load' is 

calculated. If there is extra work load and it indicates an overhead reduction, the overhead 

reduced and 'Actual Non Instr FTE UGF' is determined. After Actual FTE UGF for 

. Research and Projects is calculated, it is divided among' Actual FTE UGF for Projects' and 
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'Actual FTE UGF for Research' according to the relative weighs of 'UGF Financial 

Pressure' and 'UGF Research Commitment'. 
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5.2.7. Graduate Faculty Research Sector 

In this sector the graduate faculty workforce dedicated to sponsored and 

unsponsored research activities are determined together with the motivations behind them 

and the outcomes of these activities. (Figure 5.7). 

'Actual FTE GF for Research' is divided among' Actual FIE GF for Unsponsored 

Research' and 'Actual FTE GF for Sponsored Research' according to the relative weights 

of 'GF Unsponsored Research Commitment' and 'GF Sponsored Research Commitment'. 

These two indicators of commitment are the historical averages of GF Indicated 

Unsponsored Research Commitment' and 'GF Indicated Sponsored Research Commitment' 

and take values between zero and one. The variables that determine the values of the 

indicated commitments are 'GF DesiredlRealized Research Papers Published', 'GF 

Research Culture' and the corresponding research recognitions. 'GF DesiredlRealized 

Research Papers Published' is the ratio between the current historical average of research 

papers published each semester and the target average papers published. 'GF Research 

Culture' is the long term attitude of graduate faculty members towards research. It takes 

values between zero and one. Higher research culture causes higher research commitment. 

Research recognition represents the long term attitude of the administration towards the 

related research activities and takes values between zero and one. Administration expresses 

its recognition by rewards and this increases the research commitment. 'Indicated 

Unsponsored Research Recognition' depends on the unsponsored research papers 

productivity of the faculty members, namely· 'Period Unsponsored Research Papers 

Published' over 'Total FIE for Unsponsored Research'. 'Indicated Sponsored. Research 

Recognition depends on the financial productivity, as well as research papers productivity. 

Thus, 'Funds-Grants Gotten by Sponsored Research', 'Total FIE for Sponsored Research' 

and 'Financial Concern', (which is an index of the administration's will to get funds and 

grants through sponsored research), effect 'Indicated Sponsored Research Recognition'. 

The other variables that effect 'Indicated Sponsored Research Recognition' are 'Period 

Sponsored Research Papers Published' and. 'Total FTE for Sponsored Research'. 
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After 'Actual FIE GF for Unsponsored Research' and 'Actual FTE GF for 

Sponsored Research' are determined, the outcomes of research activities are calculated. 

These outcomes depend on the related faculty workforces and productivity indices. 

5.2.8. Under-graduate Faculty Research Sector 

Ihis sector is similar to 'Graduate Faculty Research Sector'. In this sector, the 

portion of under-graduate faculty workforce dedicated to sponsored and unsponsored 

research activities, the motivations behind them and the outcomes of these activities are 

detennined. (Figure 5.8). 
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5.2.9. Graduate Faculty Projects Sector 

This is the sector where the portion ~f the graduate faculty workforce dedicated to 

income generating projects and unofficial projects, the motivations behind them and the 

outcomes of the income generating projects activities are determined. (Figure 5.9). 

'Actual FTE GF for Projects' is divided among 'Actual FTE GF for Income 

Generating Projects' and 'Actual FTE GF for Unofficial Projects' according to the relative 

weighs of 'GF IGP Motivation' and 'GF UP Motivation'. 'GF IGP Motivation' and 'GF 

UP Motivation' are the historical averages of 'Indicated GF IGP Motivation' and 'Indicated 

GF UP Motivation'. 'Indicated GF IGP Motivation' depends on the ratio of incomes 

realized through income generating projects and unofficial projects and IGP-UP mentality, 

which is an index of the long term attitude of the faculty members towards doing projects 

through non-university channels, in order to obtain income. IGP-UP mentalities, both for 

graduate and under-graduate faculty members take values between zero and one and higher 

mentality indicates lower tendency for doing unofficial projects. Another variable that 

effects 'Indicated GF IGP Motivation is 'IGP Attractiveness for Administration'. This is an 

index of the administration's attitude towards income generating projects. 'Indicated GF UP 

Motivation' is determined by 'IGP-UP Income Ratio' and 'IGP-UP Mentality GF'. 

After' Actual FTE GF for IGP' is determined 'Gross Income Generated by IGP' is 

calculated as a function of graduate and under-graduate faculty workforce and the related 

. IGP productivity levels. 'Net Funds-Grants Gotten by IGP' is calculated by subtracting 

'Income Share for GF on IGP' and 'Income Share for UGF on IGP' from 'Gross Income 

Generated by IGP'. IGP share per FTE per semester is calculated by multiplying 'IGP 

Income Level' (which represents the amount of money paid per man-hour of faculty 

workforce for IGP) by weekly hours per faculty and multiplying this amount by weeks per 

semester. Number of active weeks per faculty member per semester is 23. Total IGP share 

for faculty members for the current semester is calculated by multiplying IGP share per FTE 

per semester by total FTE for IGP for the current semester. 
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An important sub-system of this sector consists of 'GF Financial Pressure' and the 

variables that effect it. 'GF Financial Pressure' is the historical average of 'GF Indicated 

Financial Pressure', which is an index of the financial concern of the graduate faculty 

members. It depends on the ratio between the historical average of the actual salary and the 

average salary desired by faculty members. 
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5.2.10. Under-graduate Faculty Projects Sector 

This sector is similar to 'Graduate Faculty Projects Sector'. In this sector, the 

portion of under-graduate faculty workforce dedicated to income generating projects and 

unofficial projects, the motivations behind them and the funds gotten by income generating 

projects are determined. (Figure 5.10). 

5.2.11 Laboratory Facilities Sector 

In this sector the laboratory facilities are updated and then assigned to instruction, 

research and project activities. The criteria for assigning the facilities are the relative 

amounts of faculty workforce allocated to each activity. (Figure 5.11). 

5.2.12 Assistants Sector 

This sector is where the number of assistants, available assistant hours per week and 

the instruction overhead assigned to these assistants are calculated. (Figure 5.12). 'Number 

of Assistants' is a function of 'Number of Graduate StUdents' and 'Assistants/Graduate 

Students Ratio'. This value is limited by 'Assistant Positions', which is a function of the 

total number offaculty positions and 'Faculty/Assistant Positions Ratio'. 

'FTE Assistants for Instr Overhead' is first converted to fa~ulty FIE by dividing the 

total assistant hours by weekly hours per faculty. After the FIE assistants for instruction 

overhead is computed this way, the total available assistant workforce is distributed among 

'FIE Assistants for Graduate Instruction Overhead' and 'FIE Assistants for Under-
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graduate Instruction Overhead'. According to these valu"es, indicated instruction overhead 

loads for graduate and under-graduate faculty members are calculated. These values are 

used as input in 'Graduate Faculty Overhead Sector' and 'Under-graduate Faculty 

Overhead Sector'. 
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5.3. Division (Faculty) Version of the Model 

Another version of the presented model was constructed in order to make division­

level analyses. This version represents the academic aspects of a faculty system. There are 

no differences between the causal structures of the university and the faculty versions; the 

differences are in the mathematical expressions of some constants like 'New Faculty 

Positions' and the initial values of some stock variables such as the numbers of students and 

faculty members. 

A series of runs were performed with the faculty version in order to verify and 

validate it. Finally, after the original version of the model was transformed into an 

interactive model, the faculty version was also made interactive and attached to the 

simulation game interface that is explained in the 'Game Design' section. 
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6. MODEL VERIFICATION AND VALIDATION 

6.1. Overview 

The model presented in the preceding section was verified and validated by a series 

of standard tests. The first group of tests are verification tests. These tests are intended to 

determine whether the model works as it is expected to work. After verification of the 

model, validation tests are done. Validation tests are grouped into two: (a) structure 

validation. tests, which are done in order to determine whether the model has an adequate 

structure, by testing the behavior of the model under certain conditions; (b) behavior 

validation tests, which are done in order to determine whether the behavior that the model 

exhibits resembles to the behavior exhibited by the real system that was modeled. To test the 

structural validation of the presented model, extreme condition and sensitivity tests were 

done. Behavior validation was tested by comparing the behavior of the model with the data 

on Bogazi<;i University. 

6.2. Verification of the Model 

The aim of the verification tests is to determine whether the assumed relationships 

among the variables are embedded correctly in the computer model and whether the 

equations and other statements were written as they were intended to be. 

To verify the model, the twelve sectors that form the model were simulated one by 

one isolated from the other sectors. The behaviors exhibited during these isolated , 
simulation runs ·are easier to interpret, because the number of variables and feedback loops 

decrease considerably. A wide range of conditions, both extreme and normal, and different 
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simulation horizons were used during the isolated simulation runs. the behaviors of the 

variables within the isolated sector were examined and irrelevant behaviors were traced 

back in order to correct the wrong causal or mathematical relationships. A built-in analysis 

feature of Vensim environment, which checks the equivalence of units on both sides of the 

equations that define the variables, was also used in order· to eliminate the mistakes that 

might be done in the equatIons. After all the sectors were verified, the causal relationships 

that link the sectors to each other were verified by running the whole model under different 

conditions with different simulation horizons. The units equivalence check was repeated for 

the model as a whole and the verification tests about the model were completed. 

6.3. Extreme Condition Tests 

The first set of tests that were done in order to validate the model were extreme 

condition tests. Extreme condition tests are based on the idea that the behaviors of a given 

model are far more predictable under extreme conditions than they are under normal 

conditions. Extreme condition tests are done by setting a certain variable to an extremely 

high or extremely low value and examining the behavior of key variables after simulating 

the model. The extreme value of the chosen variable implies extreme behaviors by other 

variables. If the behaviors of one or more key variables are not as they are expected to be, 

the hypothesis that the model is valid is rejected and the model is revised in order to correct 

the errors. Otherwise, i.e. if the behaviors of all the key variables are as they were expected 

to be, the hypothesis can not be rejected. This· can be explained better by giving an example: 

Assume that we set the number of the students to zero in the presented model. We expect 

the instruction loads of the faculty members, instruction overhead loads and student/faculty 

ratios to become zero, when we simulate the model. If one or more of these variables are 

not equal to zero, we reject the hypothesis that the model is valid. If all these variables and 

the other variables we examine have the values or exhibit the behaviors we expected, we 

conclude that the hypothesis can not be rejected at that step and go on to other extreme 

condition tests. 
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Numerous extreme condition simulation runs were done on the model presented in 

this study. The results of a selection of these simulation runs are presented in the follO\\'ing 

sections. 

6.3.l. No Under-graduate Students 

The model is simulated for 20 periods (semesters) after setting the number of under­

graduate students to zero. (Figure B. 1.1. I-B. l.1.5). The under-graduate instruction and 

under-graduate instruction overhead loads for both graduate and under-graduate faculty 

members becomes zero. Some other variables such as 'Under-graduate StudentslFaculty 

Ratio', 'Under-graduate Graduation' and 'Average Under-graduate Class Size Needed' are 

also equal to zero, as expected. 

6.3.2. No Under-graduate Admission 

Another extreme condition was having a certain under-graduate student body, but 

having the admission equal to zero. (Figure B.1.2.I-B.1.2.5). Under this condition, 

'Number of UG Students' and 'UG Graduation' converge to zero. So do the under- . 

graduate instruction and instructions overhead loads of graduate and under-graduate faculty 

members and under-graduate students/faculty ratio. All these were expected behavior 

patterns. 

6.3.3. Extremely High Under-graduate Admission 

The model is simulated under the condition that under-graduate admission is equal 

to 10000 students per year. (Figure B. 1.3.1-B. 1.3.5). As expected, under this extreme 
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condition, the instruction loads of the faculty members reach to absolute maximum levels 

and the average under-graduate class size reaches the maximum value that is allowed, and 

still there is a big number of canceled under-graduate inst~ction hours. 

6.3.4. No Under-graduate Faculty 

The model is simulated under the condition that the number of under-graduate 

faculty is zero. (Figure B.1.4.1-B.1.4.3). Under this condition all under-graduate instruction 

is assigned to graduate faculty. The instruction load on graduate faculty members rises 

gradually because of the increasing number of under-graduate students and finally at period 

ten it reaches the absolute maximum leveL At this point 'Canceled Under-graduate Lecture 

Hours' takes a positive value and increased through the rest of the simulation. Under­

graduate workforce assigned for research and project activities is equal to zero and this 

causes all the outputs of these activities, like research papers published, under-graduate 

faculty members' contribution to income generating projects to be equal to zero, as 

expected. 

6.3.S. No Faculty 

Another extreme run is made after setting both 'Number of Under-graduate Faculty' 

and 'Number of Graduate Faculty' to zero. (Figure B.1.S.1-B.1.S.4). This makes all faculty 

workforces and all outputs like research papers and funds gotten by IGP an sponsored 

research equal to zero. All graduate and under-graduate lecture hours are canceled. 
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6.3.6. Extremely Low Salary 

Another extreme simulation run is made after the salaries· of faculty members are set 

to 50 dollars per month. (Figure B. 1.6. I-B. 1.6.3). This increases the number of leaving 

faculty members and decreases faculty supplies, (candidates for faculty positions). The 

number of faculty members decreases rapidly and at period eight it reaches 12, its minimum 

for this run. (Setting salaries equal to zero causes similar but more steep behaviors. The 

number of leaving faculty members increases and faculty supplies decreases faster. The 

number offaculty members decreases faster, as well, reaching a minimum of two.) 

6.3.7. No Faculty Supply 

Another extreme condition test is done by setting the faculty supplies (candidates) to 

zero. (Figure B.l.7.1-B.1.7.2). As faculty supplies are zero, 'New Graduate Faculty' and 

'New Under-graduate Faculty' become zero. This gradually decreases the number offaculty 

members, both graduate and under-graduate, because there are leaving faculty members. 

Finally the number of faculty members becomes zero. 

6.3.8. Extremely High Instruction Overhead Ratio 

The model is tested after increasing normal instruction overhead hours per lecture 

hour ratio 10 times. (Figure B.1.8. I-B. 1.8.3). As a result, all faculty workforce that is left 

after graduate and under-graduate lecture hours are assigned are dedicated to instruction 

overhead. Thus, faculty members can not find time for research and project activities during 

normal work hours. This leads faculty members to do research and project activities by 
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working extra hours. But as average extra hours per faculty are limited by bearable extra 

work load limits, the total time a faculty member dedicates to research and project activities 

becomes equal to bearable extra work load. 

6.4. Base Run of the Model 

The 'Base Run' of the model is the simulation run made under typical expected set 

of parameters and input values. This run is made to display the dynamic behavior of the 

model under such typical conditions. The behaviors of the variables, observed in this run are 

used as reference in interpreting the behaviors of the same variables in sensitivity runs. 

Base dynamic behaviors of some important variables are shown in Figure 6.1 - 6.6. 

Figure 6; 1 is the dynamic behavior of the variables 'Number of Under-graduate Students' 

and 'Number of Graduate Students'. The values of both variables increase through time, but 

while 'Number of Under-graduate Students' increases in a steady pace, the rate of increase 

in 'Number of Graduate Students' decreases as time passes. In Figure 6.2, it is observed that 

both 'Number of Graduate Faculty' and 'Number of Under-graduate Faculty' increase in a 

steady pace. 

Figure 6.3 is the dynamic behaviors of the instruction loads on the graduate and 

under-graduate faculty members. The total instruction loads on graduate and under­

graduate faculty members are equal to each other, because no release time is given to 

graduate faculty members and the instruction need can be satisfied within the operating 

maximum instruction hours per faculty member. 

In Figure 6.4 are the weekly hours spent on research and projects by each graduate 

faculty member. While the weekly hours spent on research activities decrease slightly, the 

hours spent on income generating projects increase and the hours spent on unofficial 

projects decrease considerably. These behaviors are caused by the increase in 'GF IGP 

Motivation' and the decrease in 'GF UP Motivation'. The dynamic behavior of 'GF IGP 
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Motivation' and 'GF UP Motivation', together with those of 'GF Unsponsored Research' 

and 'GF Sponsored Research', are shown in Figure 6.5. The decrease in 'GF UP 

Motivation' and increase in 'GF IGP Motivation' are caused by the relative values of 

income obtained from income generating projects and unofficial projects, and the mentality 

of the faculty members. 

The dynamic behaviors of 'Period Research Papers Published', 'Period 

Unsponsored Research Papers Published', 'Period Sponsored Research Papers Published' 

are shown in Figure .. 6.6. Here, all there variables increase steadily after a slight decrease in 

the first three semesters. 
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6.5. Sensitivity Analyses 

After the extreme condition tests were completed, a series of sensitivity analyses 

were made, in order to determine whether the sensitivity of the base model is within 

acceptable limits. 

A set of sensitivity runs are made by simulating the model with different values of a 

certain variable and examining the behaviors of the key variables to determine if the 

behaviors of these variables differ within acceptable ranges in each simulation run. If the 

behaviors of one or more key variables -differ more than expected, the hypothesis that the 

model is valid is rejected. If the differences are within acceptable ranges the-hypothesis can 

not be rejected and other sensitivity runs with different values of some other variables are 

made. 

Numerous sensitivity tests were done iIi order to determine the validity of the model. 

Some examples of these sensitivity tests are given below for illustration. 

6.5.1. Sensitivity Runs wjth Different Values of'GF lGP UP Mentality' 

The first set of sensitivity runs are done by giving different values to 'GF IGP UP 

Mentality', which represents the relative strength of preferring IGP to UP. (Figure B.2.1.1-

B.2.1.4). The values are changed from (0.7) to (0.2), (0.5), (0.8) and (1.0). 'GF IGP 

Motivation' had the initial value 0.7 and 'GF UP Motivation' had the initial value 0.15 in 

each run. It was observed that, compared to the base runs 'GF IGP MotIvation' converges 

to higher values as the value of the variable 'GF lGP UP Mentality' is set to higher values. 

'GF UP Motivation', on the other hand, converges to lower values as'GF lGP UP 

Mentality' increases. The allocation of graduate faculty workforce for projects between. IGP 

and UP also change according to the related motivations, in each run. 
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6.5.2. Sensitivity Runs with Different Values of 'Average Hours per Graduate Student' 

Second set of sensitivity runs are done by giving different values to ' Average Hours 

per Graduate Student', which indicates the average weekly lecture hours needed by each 

graduate student. (Figure B.2.2.1-B.2.2.3). Four runs are made and the values of 'Average 

Hours per Graduate Student' during these runs were (3), (7), (15), (25). The value of this 

variable in the base run was (15). As expected, higher values of 'Average Hours per 

Graduate Student' cause 'Total FIE Needed for Graduate Instruction' to be higher and that 

increases the graduate instruction and graduate instruction overhead loads on graduate 

faculty members. 

6.5.3. Sensitivity Runs with Different Values of'GF Research Papers Productivity' 

• 

Another set of sensitivity runs are done by giving different values to the variables 

'GF Sponsored Research Papers Productivity' and 'GF Unsponsored Research Papers 

Productivity'. (Figure B.2.3.1-B.2.3.3). The values of these variables are calculated by 

multiplying the maximu~ possible productivity value by the effects of related commitments, 

laboratory facilities allocated to research activities and the number of graduate students. The 

maximum productivity values in the sensitivity runs are (1), (2), (4) and (7). This value is 

equal to (4) in the base run. It is observed that the related variables like 'Period GF 

Sponsored Research Papers Published', 'Period GF Unsponsored Research Papers 

Published' and 'GF Historical Average Research Papers Published per Graduate Faculty' 

take higher values as the maximum productivity value of 'GF Sponsored Research Papers 

Productivity' and 'GF Unsponsored Research Papers Productivity' takes higher values. 
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6.6. Behavior Validation of the Model 

After the structural validation tests were completed the behavior of the model was 

compared with the data about Bogazi~i University. (Figure B.3.1.1-B.3.4.2). Most of the 

real data were taken from the 1994 edition of the y~rly document 'Saytlarla Bogazi~i 

Universitesi' ('Bogazi~i University in Numbers') [19]. That document includes a wide range 

of data on many aspects of Bogazi~i University like students, faculty members, publications 

and financial figures. Some other data about other aspects of the model, like income 

generating projects and available faculty and assistant positions were gathered by interviews 

and used for calibrating the model. However these data could not be used for behavior 

validation purposes, because they were mostly 'single point data'. 

An exact matching between real data and model data points is not required for 

validating the model, because a System Dynamics model is not designed to include the 

internal and external details and random factors that are needed in short term forecasting 

[20]. The purpose of a system dynamics model is to generate the broad dynamic behavior 

patterns of the system, in the long term. Thus, what is required is the matching of the major 

patterns of behavior of the model and the real system, (rather than individual data points). 

All the data about Bogazi~i University that could be used for behavior validation 

were compared with the behavior of the model and a broad resemblance between the model· 

behavior and the behavior of the real system, was obtained. (Figure B.3.1.1~B.3.4.2). Thus, 

it was concluded that the model is behaviorally acceptable. 
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7. EXPERIMENTS WITH THE MODEL 

Some demonstrative simulation experiments were made with the presented model in 

order to show its simulation capabilities. Two of these experiments and their results are 

explained below. 

7.1. Graduate Study Orientation versus Under-graduate Study Orientation 

This simulation experiment is designed to determine the effects of different ratios of 

under-graduate students / graduate students. (Figure C.1.1-C.1.8). Two simulation runs are 

made to compare the results of increasing and decreasing under-graduate students / 

graduate students ratios. The number of under-graduate students is increased slower in the 

second run than it is in the first run. On the other hand, number of graduate students is 

increased faster in the second run. The number of under-graduate students and the number 

of graduate students have the same initial values in both runs. Both simulation runs begin 

with a under-graduate stUdents / graduate students ratio that is around 5.4. In the first run, 

which represents a high under-graduate study orientation, the ratio increases gradually and 

reaches to 12.4. In the second run, which represents a high graduate study orientation, this 

ratio decreases and finally reaches to 2. 

The first effect of the change in student profile is the change in instruction load 

allocations. The instruction load per under-graduate faculty member takes lower values in 

the second run because of the slower increase in the number of under-graduate students. 

The total instruction load per graduate faculty also takes lower values in the second run. 

Though the faster increase in the number of graduate students causes the graduate 

instruction load per graduate faculty member to take higher values, the under-graduate 

instruction load per graduate faculty take substantially lower values because of the 

slower increase in the number of under-graduate students. 
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Lower instruction loads cause the faculty workforce dedicated to research and 

project activities to be higher in the second run and this~brings higher research and project 

outputs, in tenns of both research papers and funds gotten by research and project activities, 

namely project income. As observed from the results of the simulation runs, an important 

effect of higher graduate study orientation is higher research productivity per faculty 

member. 

7.2. Experiments with Different Under-graduate Class Sizes 

Another set of simulation experiments is done in order to determine the effects of 

different under-graduate class sizes. (Figure C.2.1-C.2.6). The base values for 'Desired 

Under-graduate Class Size' and 'Maximum Allowable Under-graduate Class Size' are 50 

and 100, respectively. The base simulation run was made with these values. In the first 

experiment the values for 'Desired Under-graduate Class Size' and 'Maximum Allowable 

Under-graduate Class Size' are 20 and 40, respectively and in the third run they are 80 and 

160. 

The direct effect of different class sizes are observed on total under-graduate lecture 

hours needed and total FIE for under-graduate instruction. This in turn effects the . 

instruction loads per graduate and under-graduate faculty member. Lower under-graduate 

class sizes bring higher under-graduate instruction loads for both graduate and under­

graduate faculty members. To alleviate high instruction loads, new faculty members are 

hired in the short tenn, which increases the number of faculty. This increasing behavior is 

very steep in the second run. But if the increase in the number of faculty is not enough to 

compensate the high instruction need, extremely high instruction loads cause more faculty 

members to leave and less new faculty members to apply, in the long tenn (14th semester, in 

the second run). This causes the number of faculty members to decrease considerably. Low 

under-graduate class sizes bring up a higher need for part-time faculty workforce. But the 

need for part-time faculty workforce is limited by a certain percentage of full-time faculty 

workforce. As full-time faculty workforce decreases because of the high instruction loads, 
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the upper limit for part-time faculty workforce usage decreases, as well. The discrepancy 

between needed and delivered under-araduate instruction is tried to be eliminated by o ~ 

increasing the average class size, but if the maximum limit for class size is low (as in the 

second simulation run), the cancellation of some under-graduate lecture hours is inevitable. 
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8. GAME DESIGN 

8.1. Overview 

The interactive dynamic system simulation game based on the' model presented in 

this study is designed to be run through Venapp, the built-in interactive simulation 

applications module of Vensim environment. Venapp programs are written in a particular 

scripting language and stored as text files. These files are called 'Vensim Custom Definition' 

files. It is also possible to store and retrieve the programs as binary files, which are called 

'Vensim Custom Format' files. The important point to state here is that both 'Vensim 

Custom Definition' and 'Vensim Custom Format' files can only be run through Vensim 

environment and can not be made stand-alone executable programs. Venapp programs do 

not contain the model they are based on, but load a model or a series of models into Vensim 

environment and use them. In order to simplifY interaction and minimize clutter, Venapp 

programs are constructed as a series of screens' which are linked between themselves. Only 

one screen can be observed at a time. 

The interactive simulation ganie, developed as a part of this study consists of 15 

screens. The main screens are described below. 

8.2. Game Screen Descriptions 

8.2.1. Title Screen 

This screen is the first that appears after the game definition file is loaded. It contains 

the name of the game and the credits, and the message "Press Any Key to Play the Game". 
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When a key on keyboard or mouse is pressed this screen is cleared and the link to 'Run 

Name Screen' is executed. 

8.2.2. Run Name Screen 

After 'Title Screen' is cleared 'Run Name Screen' is displayed. A message, which 

asks for a name for the new game output file appears. After the name for the output file is 

entered, 'Game Initiation Screen' is displayed. 

8.2.3. Game Initiation Screen 

This screen is divided into five display boxes. At top left comer is 'Game Controls' 

box. This box includes three buttons, a drop-down box menu and a displayobject. Two of 

the buttons are active and.the other button is inactive. Active buttons are the 'Start' button, 

which starts the game by executing the link to 'Main Game Screen', and the 'Exit' button, 

which executes the link to 'Ask Exit 1 Screen'. The 'End' button is inactive in this screen 

The drop-down box menu is used to determine the final time of the simulation in terms of 

semesters and the display object shows the :current time, which is zero initially. 

Under 'Game Controls' box, there is another box which contains the user decisions. 

Since the game has not started yet, the entries in 'Decisions' box are not active and only 

display the default values for the decision variables. The 'Step' button which provokes the 

simulation to proceed one period, is also inactive in this screen. 

At bottom left comer is 'Detailed Analysis' display box. The button which executes 

the link to 'Detailed Analysis Screen' is inactive in: this screen. At top right comer is 'Main 

Indicators' display box which includes the values of 30 variables of the model.. The 
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indicators show the initial values of these variables in this screen. 

This screen is cleared if one of 'Start' or 'Exit' buttons is pressed. If the 'Sta~' 

button is pressed 'Main Game Screen' is displayed. If the 'Exit' button is pressed' Ask Exit 

1 Screen' is displayed. 

8.2.4. Main Game Screen 

This screen, too, is divided into four display boxes similar to those of 'Game 

Initiation Screen'. (Figure 8.1). 'Game Control' box includes two active buttons, one 

inactive button and two display objects. Active buttons are the 'End' button, which executes 

the link to 'Ask End Screen' and the 'Exit' button, which executes the link to 'Ask Exit 2 

Screen'. 'Start' button is inactive. Two display objects show final time and current time. 

The decision entries and the 'Advance' button of the 'Decisions' box are active in 

this screen. The user enters the values he decided on 'New Graduate Students', 'Graduate 

Faculty Hiring Decision' and 'Under-graduate Faculty Hiring Decision', which represent 

the number of new graduate and under-graduate faculty members he wants to hire, for the 

current semester; 'IGP Share for Faculty', which indicates the amount of money that will be 

paid to each man-hour of faculty workforce from income generating projects and 'Release· 

Time for Graduate Faculty', which indicates the amount of reduction in maximum weekly 

instruction load of graduate faculty members. When 'Advance' button is pressed the 

simulation proceeds one period (semester) and the new values are calculated and displayed. 

When the 'Help' button is pressed the link to 'Main Game Help Screen' is activated. This 

screen displays information about the decision variables. 

The button in the 'Detailed Analysis' box is active and when pressed, it executes the 

link to 'Detailed ArialysisScreen'. 
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'Main Indicators' box displays the values of the 30 variables at the current time 

period. The buttons which have the names of the decision C!Ild indicator variables display the 

behavior patterns of the related variables, when pressed. The button 'More Indicators' 

executes the link to the 'Main Game B Screen', to access another set of30 variables. 

8.2.5. Main Game B Screen 

This screen is similar to the 'Main Game Screen'; only the variables displayed in the 

indicators box are different. With the 30 more variables displayed in this screen, a total of 60 

indicator variables are displayed in both Main Game and Main Game B screens. The 'Main 

Indicators' button executes the link back to 'Main Game Screen'. 

8.2.6. Detailed Analysis Screen 

. 
This screen includes eight buttons, six of which· provoke certain analysis tools. 

(Figure 8.2). The first button is pressed to select an 'active variable' to be analyzed. The 

eighth button executes the link to 'Main Game Screen'. The six analysis tools are: 'Causes 

Tree', which displays the tree of variables that effect the active variable, 'Uses Tree', which . 

displays a tree of variables that are effected by. the· active variable, '~ops', 'which displays 

the causal loops that include the active variable, 'Graph', which displays the time graph for 

the active variable, 'Causes Graph', which displays the graphs for the active variable and the 

variables that effect it, 'Causes Table', which displays a table that includes the values of the 

active variable and the variables that effect it. 
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8.2.7. Ask End Screen 

This screen is displayed when the 'End' button is pressed in 'Main Game Screen' . It 

includes a message: "Do. You Really Want to End the Game? (You Will Loose the Current 

. Game Data!)" and two buttons: 'Yes', which end~ the game and executes the link to 'Run 

Name Screen' and 'No', which executes the link back to 'Main Game Screen'. 

8:2.8. Ask Exit 1 Screen 

This screen is displayed when the 'Exit' button is pressed in 'Game Initiation 

Screen'. It includes a message: "Do You Really Want to Exit? (You Will Leave the 

Simulation Environment!)" and two buttons: 'Yes', which executes the link to 'Exit Screen' 

and 'No', which executes the link back to 'Game Initiation Screen'. 
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FIGURE 8,2, Main Game Screen while 'Help Option' is On 
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8.3. Verification and Validation of the Game 

A series of verification and validation tests were done on the interactive simulation 

game. The behavior of the variables in case of extreme player decisions were tested and 

several sensitivity tests were done. The necessary improyements both in the model and the 

game were made according to the results of these tests. The resulting game is believed to be 

a-robust and valid interactive simulation environment. 

8.4. Game Results 

A group of players with different academic degrees and different orientations were 

invited to play the game. Among the players were graduate students, teaching and research 

assistants, faculty members arid administrators. Some results are presented below for 

illustration. 

8.4 .1. Game Results of a Research Oriented Faculty Member 

The first player is a faculty member who has high declared research motivation and 

negative attitude towards income generating projects, even if they are realized through 

official, university channels. 

During the game, in the first six semesters he hires 20 graduate and 20 under­

graduate faculty members each semester. After the seventh semester he hires 30 graduate 

and 20 under-graduate faculty members each semester. He gives considerably release time 
to graduate faculty (3 h.!week). He decreases IGP share for faculty members gradually. 

(Figure 0.1.1) 
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As a result of his emphasis on graduate study and research, he obtains a remarkable 

increase in the number of research papers per semeste~. The average research papers per 

faculty has increased, as well (Figure D.l.2). On the other hand, decreasing the IGP share 

for fac~lty members causes IGP motivations of the faculty members to decrease and 

unofficial project motivations to increase. These, in tum, causes the weekly hours dedicated 

to IGP by the faculty members to decrease and the h9urs dedicated to UP to increase. 

(D.l.3) 

8.42. Game Results of a Balance Seeking.Faculty Member 

Another player is a faculty member who tries to strike a balance between instruction, 

research and project activities. He tries to adjust his decisions frequently according to the 

feedback he received from the main indicators of quality and quantity of the outputs of the 

main activity groups (Figure D.2.1). 

He obtains an increase in the number of the research papers per semester and 

average research papers per faculty member. His results wout research papers are close to 

those of player one (Figure D.2.2). 

The important difference between the decisions of player 1 and player 2 is that the 

latter put the necessary emphasis on IGP activities, which the first neglects. That causes a 

difference between the income the university receives from IGP (Figure D.2.3). 

8.4.3. Game Results ofa Teaching Assistant 

The third player is a teaching assistant, who is also a graduate student. Her decisions 

show that she does not place emphasis on graduate study. The graduate admission decision 
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is between 50 and 105 and under-graduate faculty hiring decision is far higher than graduate 

faculty hiring decision (Figure D.3.l) 

The comparison of the dynamic behavior of the number of graduate students in the 

game results of player 3 and player 2 portrays the difference in their attitude towards 

graduate study (Figure D.3.2) 

Finally, the behaviors of the indicators of research in player 3's game are given in 

Figure D.3.3 to make possible the comparison with the results of the other two players. It is 

seen that player 3's decisions does not have as high a positive effecton research output as 

the decisions of the other two players. 
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9. CONCLUSIONS 

The mam objective of this research was to construct an interactive dynamic 

simulation model on which a range of problems concerning a university management system 

can be analyzed and certain policies for overcoming these problems can be tested. In order 

to construct such a simulation game, a system dynamics model of the academic aspects of a 

university system was built. 

The system dynamics model was built using System Dynamics methodology and 

Vensim software. Numerous verification and validation tests were done on the model. 

Among these tests were extreme coridition tests, sensitivity analyses and behavior validation 

tests. The model was calibrated using data from Bogaziyi University and the dynamic 

behavior patterns of the model were found to be consistent with the major historical time 

patterns obtained from Bogaziyi University. Observing the results of these tests, it was 

concluded that the model is structurally and behaviorally acceptable. 

After the verification and validation test, some scenario experiments were done to 

demonstrate the analysis capabilities of the model. Simulation experiments with graduate 

versus under -gi-aduate study orientation showed that graduate study orientation has 

considerable positive effect on research output. In other experiments, assuming different 

desired under-graduate class sizes revealed that keeping class sizes extremely low, under the 

condition of high student body may cause serious problems in maintaining the faculty body, 

because of decreasing faculty supply and increasing number of faculty members as a result 

of heavy instruction loads. 

The interactive simulation game, based on the system dynamics model was 

constructed using Venapp facility of Vensim software. This game version of the model was 

validated by a series of standard tests and the necessary improvements in the model and the 

gaming interface were made. 
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A group of players with different academic degrees and orientations played the game 

and their game results w~re compared to explore the capabilities of the interactive gaming 

version of the model. The comparison of the game results of the players revealed that 

players with different orientations emphasized different performance measures. 

There are several possibilities of further. research ·that can be done on the existing 

model and the gaming interface. The model can be extended to include more aspects of the 

university system, such as budget considerations, support staff and in general more detailed 

representations of variables such as facilities, infrastructure and projects. Causal relations 

can be enriched by including additional feedback mechanisms. Also, the gaming interface 

can be enhanced to include various new features. A possible enhancement of the gaming 

interface is the addition of options to let the player determine the initial conditions of the 

game or the assumed environmental inputs of the game. 

Another research extension would be to build different versions of the game, each 

emphasizing different aspects of the university management system. Finally, the interactive 

model can be used as a laboratory to facilitate not only debate but also theoretical research 

on how to best deal with strategic university management problems. 
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••. ** •••••••••••••••• , •••••••••••••••••••••••••••••••••••• 
. Graduate Instructioo Sedor 

•••••••••••••••••••••••••••••••••• * ••••••••••••••••••••• 

Absolute ~lax Inst Hours per OF =. Absolute Max Inst Hours per UOF-Release Time for Grad Facuhy - hours'(week·facuh~·) 

Absolute Max Inst Hours per UOF = 12 - hours!(week*facuhy) 

Absolute Total FIT OF for Inst = ( Absolute l\lax Inst Hours per OF-Number of Grad Fa c)· 'Weekly Hours per Facuhy - FfE 

Act Average Grad Class Size = MAX(MIN(Average Grad Class Size Needed,Max Grad Class Size Allowed), 
Desired Avernge Grad Class Size) - students 

Act FfE OF For Grad Instr = l\flN(Total FfE Needed for Grad Instr,(Opernting T~I ITE Grad Facuhy for Instr 
+Additiooal ITE OF for Grad Inst» - ITE 

Act FfE OF For Instr = Act ITE OF For Grad Instr+Act ITE OF for UO Instr - ITE 

Act FfE OF for UO Instr = Implied ITE Grad Facuhy for UO Instr-Surplus ITE Grad Fa~Additiooal ITE OF for UO Inst - ITE 

Act Grad Instr Load per OF = ( Act ITE OF For Grad InstrlNlIIIlher of Grad Fac)*Weekly Hours per Facuhy - hours'(week*facuhy) 

Act Instr Load per OF = Act Grad Instr Load per OF+ Act UO Instr Load per OF - hours/(week*facuhy) 

Act UO Instr Load per OF = (Act ITE OF for UO InstrINIIIIlher of Grad Fac)*Weekly Hours per Facuhy - hours/(week*fBcuhy) 

Additiooal ITE OF for Grad Inst = MIN(MAX«Unsatisfied Need for Grad Instr/Weekly Hours per Facuhy),O), 
(Absolute Total ITE OF for Inst..()perating Total FfE Grad Facuhy for Instr» - ITE 

Additiooal Part Time ITE for Grad Instr = MIN«MAX«(Unsatisfied Need for Grad Instr-AdditionBI ITE OF for Grad 1mt),O», 
(Additional ITE OF for Grad Inst*Max Part Time Percentage for Grad Instr» - ITE 

Average Grad Class Size Needed = MAX«Total Grad Student Hours/(Total Grad Instr Hours N'eeded-Grad Inst Disaepancy», 
Desired Avernge Grad Class Size) - students . 

Avernge HourS per Grad Student = 15 - hourslwi:ek 

Cancelled Grad Lecture Hours = ll\"TEOER(MAX«Unsatisfied Need for Grad Instr-«Additiooal ITE OF for Grad Inst 
+AdditionBI Part Time ITE for Grad Instr)*Weekly Hours per Facuhy»,O» - hourslweek 

Closed Grad Programs = n-.'TEOER(MAX(N1IIIlher of Grad Programs-Indicated Grad Programs Dec,O) /Closed Grad Programs AT) 
- programs/semester . 

Closed Grad Programs AT = 6 - semester 

Desired Avernge Grad Class Size = l\flN«(Eff ofInd on Des Grad Class Size*Indicated Des Grad Class Size),Upper Limit Des Grad Class 
Size) 

- students 

Eff ofInd on Des Grad Class Size = ind ''5 des grad class size(Indicated Des Grad Class Size)' - dimensionless 

Eff ofInstr Load on OF Supply = elf of gfinstr load on gf supply(Act Instr Load per OF) - dimensionless 

Eff ofInstr Load on Leaving OF = elf of gf instr load on leaving gf(Ati Instr Load per OF) - dimensionless 

Eff of SalaIY on OF Supply = elf of gf salary on gf supply(Hist Average OF Salary) - dimensionless 

Eff of Salary on Leaving OF = elf of gfsalary 00 leaving gf(Hist Average OF Salary) - dimensionless 

Extra FTE Need for Grad Inst = MAX{(Total FfE Needed for Grad Instr-Operating T(tal ITE Grad Facuhy for Instr),O} - ITE 

OF Hiring Decision = MAX{(Cance\led Grad Lecture Hours/Operating Max Inst Hours per Grad Fac),«(Act Instr Load per OF 
*Number of Grad Fac)!(Operating Max Inst Hours per Grad Fac»)-(NIIIIlher of Grad Fac») - facuhy 

OF Leave AT = ~ - semester 

OF that Lea~'e = INTEOER«(l\flN«(Number of Grad Facl25)+(Eff ofInstr Load on Leaving OF*Number of Grad Fac) 
+(EffofSalary on Leaving OF·Number of Grad Fac»,Number of Grad Fac»IGF Leave AT) - facuhy/semester 

Grad Admission = 300IGrad Admissioo AT - students/semester 

Grad Admission AT = 2 - semester 

Grad Graduatioo = ll\"TEOER(Number of Grad Students 2'Grad Stu 2 to Gaduation AT) - students'semester 



Grad Inst Discrepancy = ?\l-\.'i:(O,(Extra FTE!\eed for Grad Inst-<>perating Part Time ITE for Grad Instr)OWeekly Hours per Facuhy) 
- hours/week 

Grad Stu 1 to 2 = Th.'TEGERG'lumber of Grad Students I!Grad Stu 1 to 2 AT) - students:semester 

Grad Stu 1 to 2 AT = 2.8 - semester 

Grad Stu 2 to Gaduation AT = 2.8 - semester 

Grad Students GF Ratio = Number of Grad Students/~umber of Grad Fac - studentsfacuhy 

Hist Ave No of Grad Students AT =.4 - semester 

Hist. Ave Number of Grad Students = lNTEG(!\et OIa in Hist Ave No of Grad Students,450) - students 

Hist Average GF Salary = Th.'TEG(Cha in Ave GF Salary,450) - dollars 'month 

Implied FTE Grad Facuhy for UG Instr = MAX«Operating Total FTE Grad Facuhy for Instr-Total FTE Needed for Grad Instr),O) 
FTE 
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Indicated Des Grad Class Size = Total Grad Student Hoursl(Operating Total FTE Grad Facuhy for Instr"0.8°Weekly Hours per Facuhy) 
- students 

Indicated GF Hiring = MIN(GF Hiring Decision, Vacant Facuhy Positions) - faalhy 

Indicated GF Supply = INTEGER(2000 (SQRT(Eff ofInstr Load on GF SupplyoEff of Salary on GF Supply») - facuhy 

Indicated Grad Programs Dec = Hist Ave Number of Grad Students'Min Students per Grad Program - programs 

Indicated Grad Programs Inc = MIN«Hist Ave!\'umber of Grad StudentslNormaI Stwknts per Grad Program), 
Maximum Grad Programs Possible) -programs . 

Indicated UGF Hiring = MIN(UGF Hiring Decision, Vacant Facuhy Positions) - faruhy 

Max Grad Class Size Allowed =MAX(25,Desired Average Grad Class Size) - students 

Max Part Time Percentage for Grad Instr = 0.3 - dimensionless 

Maximum Grad Programs Possible = 50 - programs 

Min Instr Hours per Grad Program = 12 - hours/(week*programs) 

Min Students per Grad Program = 1 ° -students/programs 

Net OIa in Hist Ave No of Grad Students = (Number of Grad Students-Hist Ave Number of Grad Students) 
IHist Ave No of Grad Students AT - students/semester 

New Facuhy Positions = 10 - faruhy/semester 

New Grad Facuhy = I!\'TEGER«MIN(MIN(Indicated GF Hiring,(Indicated GF Hiring*Vacant Facuhy Positions 
l(Tctal Indicated Facuhy Hiring.L{).OOO 1 ))),Indicated GF Supply»/New Grad Facuhy AT) - facuhyfsemester 

New Grad Facuhy AT = 2 - semester 

New Grad Programs =Th.'TEGER(MAX(Indicated Grad Programs Inc-Number of Grad Programs,O)/New Grad Programs AT) 
- programs/semester 

New Grad Programs AT = 6 - semester 

Normal Students per Grad Program = 80 - studentslprograms 

Number ofFacuhy = Number of Grad Fac+Number ofUG Fac - facuhy 

Number of Grad Fac = INTEG(New Grad Faruhy-GFthat Leave,ISS) -faruhy 

Number of Grad Programs.= INTEG{New Grad Programs-Closed Grad Programs,25) - programs 

1-.'umber of Grad Students = Number of Grad Students 1 +Number of Grad Students 2 - students 

N~ of Grad Students 1 = Th.'TEG(Grad Admissioo-Grad Stu 1 to 2,250) - students 

Number of Grad StucJents 2 = I!'.'TEG( -Grad Graduation+Grad Stu 1 to 2,200) - students 

Operating Max Inst Hours per Grad Fac = Operating Max Inst Hours per UG Fac-ReI=e Time for Grad Facuhy . - hours'(week°facuhy) 

Operating Max Inst Hours per UG Fac = 6 - bours/(week*facuhy) 



Operating P~rt TimeFTE for Grad Instr ;~L\ .. "\{O,MI~(E:o.tra FTE 1\eed for Grad Inst,Operating Total FTE Grad Faculty for Instr 
·Max Part TIlDe Percentage for Grad Instr» - FTE 

Operating Total FTE Grad Faculty for Instr "'f-\'umber of Grad Fac*Operating Max Inst Hours per Grad Fae)!V\eekly Hours per Faculty 
-FTE .. 

Part Time FTE for Grad Instr = Operating Part Time FTE for Grad Inst.r---Additional Part Time FIE for'Grad Instr - FTE 

Release Time for Grad Faculty = 0 - hours1week 

Total FTE Needed for Grad Instr = Total Grad Instr Hours Neededl\\'eekly Hours per Faculty _ FTE 

Total Grad Instr Hours Needed = MAX«Total GrBd Student HourslDesired Average Grad Class Size), 
(Min Instr Hours per Grad Program*Number of Grad Programs» 

- hourslweek 

Total Grad Student Hours = Number of Grad Students 1 * Average Hours per Grad Student - students*hours'week 

Total Indicated Faculty Hiring = Indicated GF Hiring+Indicated UGF Hiring -faculty 

Unsatisfied Need for Grad Instr =(Total Grad Student Hours/Act Average Grad Class Size}{fotal Grad Student Hours 
!Average Grad Class Size Needed) - hours/week 

tJpper Limit Des Grad Class Size = 20 - students 

Vacant Faculty Positions;" IN1EG(GFthat Leave+New Facuhy Positions-New Grad Faculty-New UG Faculty+UGFthat Leave, 135) 
-facuhy 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
. Under-graduate Instruction Sector 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Absolute Max Inst Hours per UGF =12 - bours/(week*faculty) 

Absolute Total FTE UGF for Inst = (Absolute ~!ax Inst Hours per UGF*Number ofUG Fae)IWeekly Hours per Faculty - FTE· 

Ad Average UG Class Size = ~fiN(Average UG Class Size Needed,Max UG Class Size Allowed) - students 
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Ad FTE UGF for UG Instr = Operating Total FIE UG Farulty for Instr-Surplus FTE UG Fac+ Additional FTE UOF for UO Inst - F1E 

Ad Instr Load per UOF =( Act FTE UGF for UG Inst.rINumber ofUO Fae)*Weekly Hours per Faruhy - hours/(week*facuhy) 

Additional FTE for UO Instr =~«Unsatisfied Need for UG Inst.rlWeekly Hours per Farulty),«.~lute Total F1E OF for Inst 
-(Ad FTE OF For Grad lnstr-"{Implied FTE Grad Facuhy for UG Inst.r-Surplus FTE Grad Fac»)+(Absolute Total F1E UOF for Inst 
-Operating Total FTE UO Farulty for Inst.r») - FTE 

Additional FTE OF for UG Inst =(Additional FIE for UO Instr*(Absolute Total FTE OF for Inst 
-(Ad FTE OF For Grad Instr+(lmplied FTE Grad Faculty for UO Instr~Surplus FTE Grad Fae»» , 
!«(Absolute Total FTE OF for Inst-(Act F1E GF For Grad Inst.r+(lmplied FTE Grad Facuhy for UG Instr-Surplus F1E Grad Fae))) 
+(Absolute Total FTE UGF for Inst-Operating Total FTE UG Faculty for Instr))) - FTE 

Additional F1E UGF for UG Inst = Additional F1E for UG Instr-Additional F1E GF for UG Inst - FTE 

Additional Part Time F1E for UG Instr = MI!\«MAX«(Unsatisfied Needfor UO Instr~Additional F1E for UG Instr),O» 
.(Additiooal FTE for UO Instr*Max Part Time Percentage for UO Instr» - F1E 

. Average Hours per UO Student = 25 - hours/week 

Average UO Class Size Needed = (Total UG Student Hours!(Total UG Inst.r Hours Needed-UO Inst Disaepancy» - students 

Cancelled UO Lecture Hours = IN1EOER(MAX({Uitsatisfied Need for UG Instr-«Additional FTE for UO Instr 
+Additional Part Time F1E for UG Instr)*Week1y Hours per Faculty»,O» - hours!week 

Closed UO Programs =INTEGER(MA .. X(Number ofUO Programs-Indicated UG Programs Dec,O)IClosed UG Programs AT) 
- programs/semester 

Closed UO Programs AT = 6 - semester 

Desired Average UO Class Size = SO - students 

Eff ofInstr Load 00 Leaving UGF = elf ofugfinstr load on leaving ugftAct Instr Load per UOF) - dimensiooless 

Eff ofInstr Load 00 UOF Supply = elf ofugf instr load on ugf SU!'Ply(Act Instr Load per UGF) - dimensiooless 

Eff of Salar), 00 Leaving lTOF=eff ofugf salary 00 leaving ugftHist Average UOF Salary) - dimensiooless 
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Eff ofSalaTY on llGF Supply = eff of ugf salary on ugfsupply(Hist Average l:GF Sala!)') - dimensionless 

Extra ITE Need for LTG Inst = Total ITE Needed for CG Instr-Implied Total FTE for lOG Iristr - FTE 

Hist Ave No ofVG Students AT = 4 - semester 

Hist Ave Number ofUG Students = p'\'TEQC\'et Cba in Hist Ave ~o ofUG Students,2424) - students 

Hist Average UGF Salary =INTEG(Cba in Ave UGF Salal')',450) - dollars 'month 

Implied ITE Grad Faculty fOT UG Instr =~l-\."X{{Operating Total ITE Grad Faculty for Instr-Total ITE :\eeded for Grad Instr),O) - ITE 

Implied Tctal ITE fOT UG Instr = Implied ITE Grad Facuhy for UG Instr4Jperatjng Trul ITE UG Faculty for Instr - FTE 

Indicated GF Hiring = MIN(GF Hiring Decision, Vacant Faculty Positions) - faculty 

.Indicated UG Programs Dec = Hist Ave Number ofUG Students/Min Students per UG Program -programs 

Indicated UG Programs Inc =MIN«Hist Ave Number ofllG Students,'Normal Students per l'G Program),.\fax UG Programs Possible) 
-programs 

Indicated UGF Hiring = MIN(UGF Hiring Decision, Vacant Faculty Positions). - faculty 

Indicated UGF Supply =INTEGER(200*(SQRT(Eff ofInstr Load on UGF Supply*Eff ofSalal')' on UGF Supply») - faculty 

Max Part Time Percentag~ for UG Instr = 0.5 - dimensionless 

Max UG Class Size Allowed = 100 - students 

Max UG Programs Possible =: 65 - programs 

Min Instr Hours per UG Prog = 30 - hoursl(wedc'"programs) 

Min Students per UG Program = 10 - students/programs 

Net Ola in Hist Ave No ofUG Students = (Number ofUG Students-Hist Ave l'.'umber ofUG Students)·Hist Ave No ofUG Students AT 
- students/semester 

New Faculty Positions = 10 - facuhyfsemester 

New UG Faculty = INTEGER«MIN~fi!\:(Indicated UGF Hiring,(Indicated UGF Hiring*Vacant Faculty Positions 
I(T~I Indicated Faculty Hiring+O.OOO 1 »),Indicated UGF Supply»!Ncm' UG FlIallty AT) - facuhy/semester 

New UG Facuhy AT = 2 - semester 

New UG Programs =1!\'TEGER(M4X(Indicated UG Programs Inc-Number ofllG Programs,O)!New UG Programs AT) 
- programs/semester 

New UG Programs AT = 6 - semester 

Normal Students per UG Program = 500 - studentsfprograms 

Number of Faculty = Number of Grad Fa~Number ofUG Fac - faculty 

Number ofUG Fac = l!\'TEG(New UG Facuhy-UGFthat U:ave,90)' - faculty 

Number ofUG Programs = INTEG(New UG Programs-Closed UG Programs,25) - programs 

Number ofUG Students = Number ofUG Students 1 +l\lumber ofUG Students 2"'Number ofUG Students 3+Number ofUG Students 4 
- students 

Number ofUG Students 1 = INTEG(UG Admission-UG Stu 1 to 2,606) - students 

NIlIIlI= ofUG Students 2 = INTEG(UG Stu 1 to 2-UG Stu 2 to 3,606) - students 

Number ofUG Students 3 = ThllEG(UG Stu 2 to 3-UG Stu 3 to 4,606) - students 

Number ofUG Students 4 = INTEG(-UG Graduation+UG Stu 3 to 4,606) - ~dents 
Operating Max Inst Hours per UG Fac = 6 - hours/(wedc*faculty) 

Operating Part Time ITE for UG Instr = MAX(O,MJN(Extra ITE Need for UG Inst,Implied Tctal ITE for UG Instr 
-Max Part Time Percentage for UG Instr» - ITE 

Operating Total ITE UG Faculty for Instr =(Operating ~fax Inst Hours per UG Fac*Number ofUG Fac)I\\'eeldy Hours per F8CUhy - FTE 

Part Time ITE for UG Instr = Operating Part Time ITE for UG Jnstr-,-Additional Part Time FIE for UG Instr - FTE 



SUlplus ~ Grad Fac =~ffi\(MA.\:«( -Ex1ra FTE Need for VG Inst*Operating Total FTE Grad Facuhy for Instr) 
/(Operatmg Total FTE Grad Facuhy for Instr+Operating Total FTE VG Facuhy for Instr»,O),Implied FTE Grad Facuhy for l:G Instr) 

-FTE . 

Surplus FTE VG Fac =MAX«-Extra FTE Need for VG Inst-Surplus FTE Grad Fac),O) - FTE 

Total FTE Needed for VG Instr = Total VG Instr Hours Needed 'Weekly Hours per Facuhy - FTE 

Total Indicated Facuhy Hiring = Indicated GF Hiring->'Indicated UGF Hiring - facuhy 

Total UG Instr Hours Needed = l\{AX«(fotal VG Student Hours'Desired Average VG Class Size) 
,(Number ofUG Programs*Min Instr Hours per VG Prog» - hourslweek 

Total VG Student Hours = Number ofVG Students* Aventge Hours per VG Student - students*hourslweek 

UG Admission =(1100+ Time*50)IUG Admission AT - students/semester 

VG Admission AT = 2 - students/semester 

UG Graduation = INTEGER(Number ofUG Students 4IUG Stu 4 to Graduation AT) - students/semester 
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UG Inst Disaepancy = (Extra FTE Need for VG Inst-Operating Part Time FTE for VG Instr)*Weekly Hours per Facuhy - hourslweek 

VG Stu 1 to 2 = Th.'TEGER(Number ofUG Students 1 lUG Stu 1 to 2 AT) - studentsfsemester 

VG Stu 1 to 2 AT = 2.5 - semester 

VG Stu 2 to 3 = I},,'TEGER(Number ofVG Students 2IUG Stu 2 to 3 AT) - students/semester 

VG Stu 2 to 3 AT =2 - semester 

VG Stu 3 to 4 =INfEGER(Number ofVG Students 3!UG Stu 3 to 4 AT) - students 'semester 

VGStu 3t04 AT=2 -semester 

VG Stu 4to Graduation AT = 2 - semester 

VG Students Fac Ratio = Number ofVG Students/Number of Facuhy - studentslfacuhy 

VGF Hiring Decision =MA.X«CanceUed VG Lecture Hours!Operating Max Inst Hours per VG Fac) 
,«(Ad Instr Load per VGF*Number ofVG Fac)lOperating Max Inst Hours per VO Fac}-Number ofVG Fac» - facuhy 

VGF Leave AT = 2 - semester 

VGF that Leave =Th.'TEGER«MIN«(Number ofVG Facl25)+(Eff ofInstr Load on Leaving UGF*Number ofVG Fac) 
+(Eff of Salary m Leaving VGF*Number ofVG Fac»,Number ofVG Fac»IUGI' Leave AT) - facuhy/semester 

Unsatisfied Need for UO Instr = (fotal VG Student Hours/Ad Aventge VG Class Size) 
-{Total VG Student Hours/Aventge VG Class Size Needed) - hourslweek 

Vacant Faculty Positions = Th.'TEG(GF that Leave+New Facuhy PoSitions-New Grad Facuhy-New VO Facuhy~VGFthat Leave, 135) 
-facuhy 

......... , ............................................. . 
. Graduate Instruction Quality Sector 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ad Aventge Grad Class Size =MAX(MIN(AVentge Grad Class Size Needed,Max Grad Class Size Allowed) 
,Desired Aventge Grad Class Size) - students 

Act FTE GF for Ovemead G Instr = Indicated FTE GF for G Instr Ovemead*(l-GF Ovemead Reduction Cod) - FTE 

Act GI Ovemead per Grad Stu = «Act FTE GF for Ovemead G Instr+FTE Assist for Grad Instr Overhead) 
*Weekly Hours per Facuhy).'Number of Grad Students - hours'(week*students) 

. Assumed Grad Instr Quality Index = 0.8 - dimensionless 

Assumed Perceived Grad Instr Quality = Assumed Grad Instr Quality Index!Perceived Grad Instr Quality Index - dimensimless 

Assumed Perceived VG Instr Quality = Assumed VG Instr Quality Index!Perceived VG Instr Quality Index - dimensionless 

Cba in GF Teach Comm = (indiCated GF Teach Comm-GF T::aching Commitment)!GF Teach Comm AT - dimensionless!semester 
Cba in Perceived Grad Instr Qua Index = (period Grad Instr Quality Index-Perceived Grad Instr Quality Index) 
!Perc Grad Instr Qua Index AT - dimensionless/semester 



Eff of ~d Ol. Ovemead per Grad Stu on Ol Quality =efT of overhead per grad stu on gi quality(Ad Ol Oyemead per Grad Stu) 
- dunerlSlonless 

EffofGrad Class Size on Ol Quality = elfofgrad classsizeon gi qualit~~Ad Average Grad Class Size) - dimensionless 

EffofLab Facilities for Ol on Ol Quality = elfoflab faci on gi quality(Lab Facilities for Grad InstTper Grad Stu) - dimensionless 

Eff ofReseach on GI Quality = elf of res on gi qualit}~GF Hist Ave Res Papers Pub per GF) - dimensionless 

FfE Assist for Grad Instr Overhead = MIN«(fot8l Nonnal FfE for Grad Instr Overhead *Max G Instr OH Delegatioo to Assist 
Percentage), «FfE Asistants for Instr Overhead *Total ~onnal FIE for Grad Instr Ovemead) 
l(fotal Normal FfE for Grad Instr Overhead + Total Normal FIE for LTG Instr Overhead))) - FfE 

GF Hist Ave Res Papers Pu~ = GF Hist Ave Unsponsored Res Papers PuIKJF Hisi Ave Spons Res Papers Pub -p8perS/semestl:" 

GF Hist Ave Res Papers Pub per GF = GF Hist Ave Res Papers Pub!Numbl:" of Grad Fac - papersl(faculty*semestl:") 

GF Teach COIIUll AT = 6 - semesll:" 

OF Teaching Commitment = INTEG(Cha in GF Teach Comm,O.7) - dimensionless 

OF Teaching Culture = 0.85 - dimensionless 

Grad Students OF Ratio = Number of Grad StudentslNumbI:" of Grad Fac - studentslfaculty 

Indicated GF Teach COIIUll = (gfteach com \"5 des rea instr qua(0.7*(Assumed Perceived Grad Instr Quality) 
+O.3*(Assumed Perceived VG Instr Quality»)+GF Teaching Culture)12 - dimensionless 

Lab Facilities for Grad Instr = Lab Facilities*(fotal FIE for Grad Instrrrotal FfE for Lab Facility Coosuming Ad) - lab units 

Lab F aciIities for Grad Instr per Grad Stu = Lab F aciIities for Grad Instr ,'!\i1mb!:" of Grad Students" - lab units Istudellts 

NumbI:" of Grad Fac = INTEG(NeI\" Grad Facuhy-GFthat Leave,155) - farulty 

2'.i1mb!:" of Grad Students = Numb!:" of Grad Students I +2'.i1mb!:" of Grad Students 2 - students 

PI:"C Grad Instr Qua Index AT = 10 - semestl:" 

Perceived Grad Instr Quality Index = INTEG(OJa in Perceived Grad Instr Qua Index,0.8) - dimensionless 

Period Grad Instr Quality Index =(Eff of Ad Ol Overhead per Grad Stu 011 Ol QUaIity+Eff of Grad Class Size 011 Ol Quality 
+Eff ofReseach 011 GI QuaIity+Eff of Lab Facilities for Ol 011 Ol Quality)!4 - dimensionless 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
. Under-graduate InstructiOll Quality Sedor ........................... ~ ........................... . 

Ad AVl:"8ge VO Class Size = MIN(Avl:"8ge VG Class Size Needed,Max VO Class Size Allowed) - students 

Ad FIE GF for Ovemead VG Instr = Indicated FIE GF for VG Instr Ovemead*(I-GF Overhead ReductiOll Cod) - FfE 

Ad FfE UGF for Ovemead UG Instr = Indicated FIE UGF for UG Instr Ovemead*( I-VGF Overhead Reduction Cod) - FfE 

Ad VGI Ovemead per UG Stu = «Ad FIE GF for Ovemead UG Instr+ Ad FfE UGF for Overhead VO Instr 
+FfE Assist for UG Instr Ovemead)*Wee1cly Hours per Farulty) !Numb!:" ofUO Students - hours/(week*students) 

Assumed Perceived UO Instr Quality = Assumed UG Instr Quality Indexiperceived UG ~ Quality Index - dimensiooless 

Assumed UG Instr Quality Index = 0.8 - dimensionless 
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Cba in Perceived UG Instr Qua Index = (period UG Instr Quality Index-Pl:"ceived VO Instr Quality Index),PI:"C VO Instr Qua Index AT 
- dimensionlesslsemesll:" 

Cba in UGF Teach CoIIUlI = (Indicated UGF Teach Comm-VOF Teaching Commitment)/uOF Teach CoIIUlI AT 
dimensionless'semesll:" 

Eff of.4..ct VOl Ovemead per UO Stu 011 UGI Quality =efT of ovemead per ug stu 011 uii qualit}~Ad UGI Overhead per VG Stu) 
- dimensiOllless 

Eff of Lab Facilities for VOl on VOl Quality = elf oflab faci 011 ugi quality(Lab Facilities for UG Instr per VG Stu) - dimenSioolesS 

Eff of Research on VOl Qualit}· =efT ofres on ugi qualit}'(Hist Ave Res Pap per Faculty) - dimensiOllless 
Eff ofUG Class Size on VOl Quality = elf ofug classsize on ug quality(Ad AVl:"age VO Class Size) - dimensionless 
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ITE Assist for UG Instr Overnead = !\fiN«Total !>:onnal FIT for L'G Instr O ... ernead·Max LTG Instr OH Delegatioo to Assist Percentage) 
,«ITE Asistants for Instr Overnead ·Total :-;ormal ITE for L'G Instr 0. ernead)'(Total Normal ITE for Grad Instr Overhead 
-'-Total Normal ITE for L'G Instr Overnead») - ITE' . 

Hist Ave Res Pap per Facuhy = Hist Ave Res Pap Pub Number ofFacuhy - papers'(facuhy.semester) 

Hist Ave Res Pap Pub =GF Hist Ave Res Papers Pub"'UOF Hist Ave Res Papers Pub - papers/semester 

Indicated UGF Teach Comm = (ugfteach com vs des rea instr qua(Assumed Perceived UG Instr Qualityr-UGF Teaching Cuhure)l2 
- dimensionless . 

Lab Facilities for UG Instr = Lab Facilities·(Total ITE for UG Instr Troll FfE for Lab Facility Consuming Act) - lab units 

Lab Facilities for UG Instr per UG Stu = Lab Facilities for UG Instr ~~ ofUG Students -lab units/students 

Number ofFacuhy = Number of Grad Fac+Number ofUG Fac - facuhy 

Number ofUG Students = Number ofUG Students 1 +Number oft TG Students 2+Number ofUG Students 3+NumbeC ofUG Students 4 
-students 

Perc UG Instr Qua Index AT = 10 - semester 

Perceived UG Instr Quality Index = Th.'TEG(Clta in Perceived L'O Instr Qua Index,0.8) - dimensiooless 

Period UO Instr Quality Index =(Eff of Act UGI Overnead per L'G Stu CIl UGI Quality+Eff of Research on UGI Quality 
+Eff ofUG Class Size on UGI Quality+Eff of Lab Facilities for tTGI on VGI Quality)/4 - dimensionless 

UG Student Facuhy Ratio = Number ofUG Students/Number ofFacuh) - studentslfa~hy 

UGF Teach Comm AT = 6 - semester 

UGF Teaching Commitment = INTEG(Clta in UGF Teach Comm,O,7) - dimensionless 

UGF Teaching Culture = 0.85 - dimensionless 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
,Graduate Facuhy Instructioo Overnead Sector 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Act Average Grad Class Size =MAX(MIN(Average Grad Class Size ~eeded,Max Grad Class Size Allowed) 
,Desired Average Grad Class Size) - students 

Act Average UO Class Size = MIN(Average UG Class Size NeedecL.\{a:t UG Class Size Allowed) - students 

Act FfE GF For Grad Instr = MIN(Total FfE Needed for Grad Instr, 
(Operating Total FfE Grad Facuhy for Instr+Additional FTE GF for Grad Inst» - FTE 

Act FfE GF for Overnead G Instr = Indicated FfE GF for G lnstr (h"eriJead·(I-GF Overnead Reduction Coef) - FTE 

Act FTE GF for Overnead UG Instr = Indicated FfE OF for UG Instr (h·ernead·(l-GF Overnead Reduction Coef) - FTE 

Act FfE GF for Projects = Act ITE GF for Research and Projals·({GF Financial Pressure 
/(GF Research Connnitment-'-GF Financial Pressure»*GF Project \'s Research Orientation) - FTE 

Act ITE GF for Research = Act ITE GF for Research and Projals*«OF Research Commitment 
I(OF Research CommitmenHOF Financial Pressure»*(2-GF Project \'5 Research Orientation» - FTE 

Act ITE OF for Research and Projects = MIN(Available FfE GF for Research and Projects,Desired FTE OF for Research and Projects) 
-ITE 

Act FTE GF for UG Instr = Implied FTE Grad Facuhy for UG Instr-Su!plus FTE Grad Fac+Additional FTE GF for UG Inst - FTE 

Act GI Overnead Load per GF = (Act FTE GF for Overnead G Instr~"umber of Grad Fac)*WeeJdy Hours per Facuhy 
- hours/(week*facuhy) . 

-Act Non Instr FTE GF = Total FTE GF-(Total In Class FTE GF-Act FIT GF for Overnead G Instr+Act FTE GF for Overhead UG Instr 
+FTE GF for Other Routine Tasks) - FTE 

Act (h'ernead Load per OF .=Act GI Overnead Load per GF+Act UGI (h'ernead Load per OF .- hours/(weekOfacuhy) 

Ad LlGI OveriJead Load per GF = (Act FTE GFfor Overnead L:O Instr'Number of Grad Fac)·WeeJdy Hours per Facuhy 
- hours/(week*facuhy) . . 

AVllilable FTE GF for Research and Projects = Act 1'0:00 Instr FIT OF.,. 
«Number of Grad Fac*MI!\(Reduced GF Extra Work Load,GF &arable Extra Work Load»'WeeJdy Hours per Facuhy) - FTE 



Desired FIE OF for Research and Projects =M.-\.X( «Total FIE OF-Total In Class FIE OF) 
-des FIE gffor res pro \'5 gfres pro comm(OF Res Pro Commitment»,~fin FIE OF Required for Research) - FIE 

FIE OF for Other Routine Tasks = (FIE Needed for Other Routine Tasks-Total FIE OF)i(Total FIE OF.;-Total FIE VOF) - FIE 

FIE :>:eeded for Other Routine Tasks = Cl'umber ofVO Students*O.OOl)-(Number of Grad Students-0.002) - FfE 

OF Bearable Extra Workload = lO - hours/(week*facuhy) 

OF Financial Pressure = P.\1EG(Cha in OF Financial Pressure,0.8) - dimensionless· 

OF Oved1ead Reduction Coef=(OF Overhead Redu~ion Need·overhead red ooef\'s OF teach comm(OF Teaching Commitment» 
- dimensionless 

OF Overhead Reduction Need = gf redu need \'5 ind extra work load(Indicated OF Extra Work Load) - dimmsionless 

OF Project vs Research Orientation = 0.8 - dimensionless 

OF Res Pro Commitment = (OF Financial Pressure+OF Research Commitment)12 "'" dimensionless 

OF Research Commitment = (OF Unsponsored Res Commitment~F Spons Res Commitment)12 -dimmsionless 

OF Teaching Commitment = Th.'1EG(Cha in OF T~ch COIIIIIl,O.1) - dimensionless 

Inactive FIE OF= MAX«A~ Non Instr FIE OF-A~ FIE OF for Research and Projects),O) - FIE 

Indicated FTE OF for 0 Instr Overhead =Normal FIE OF for 0 Instr Overhead-FIE Assist for Grad Instr Oved1ead - FTE 

Indicated FIE OF for VO Instr Overhead =Normal FIE OF for VO Instr Overhead 
-«FTE Assist for VO Instr Overhead-Normal FIE OF for UO Instr Overhead)rrotal Noimal FIE for UO Instr Oved1ead) - FIE 

Indicated OF Extra Work Load =MAX««(Desired FIE OF for Research and Projects-Total Indicated Non Instr FIE OF) 
·Weekly Hours per Facuhy)·'Number of Grad Fac),O) - hours/(week-facuhy) 

Min FIE OF Required for Research = (Number of Grad Students-O.OS) - FIE 
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Normal FIE OF for 0 Instr Overhead = Normal Overhead Ratio for Grad Instr* A~ FIE OF For Grad Instr· - FTE 

Normal FTE OF for VO Instr Overhead = Normal Overhead Ratio for UO Instr* M FIE OF for UO Instr - FTE 

Normal Overhead Ratio for Grad Instr = 2*grad class size \'5 norm overhead nrtio(A~ AVer1lge Grad Class Size) - dimensionless 

Normal Overhead Ratio for VO Instr = 2*ug class size vs norm overhead nrtio(A(1 AVer1lge UO Class Size) - dimensionless 

Number of Grad Fac = Thi1EG(New Grad Facuhy-GFthat Leave,lSS) - facuhy 

Number of Grad Students = Number of Grad Students 1 +Number of Grad Students 2 - students 

Number ofUO Students = Number ofUO Students 1 +Number ofUO Students 2+Number ofUO Students 3+Number ofVO Students 4 
- students 

Reduced OF Extra Work Load = (MAX«Desired FIE OF for Research and Projects-M Non Instr FIE OF),O)*Weekly Hours per Facuhy) 
/Number of Grad Fac - hours!(week*facuhy) 

TOOtI FTE OF =Number of Grad Fac - FIE 

TOOtI FTE UOF = Number ofUO Fac - FTE 

TOOtI In Class FIE OF = A(1 FTE OF For Grad Instr+ A(1 FIE OF for UO Instr - FTE 

TOOtl Indicated Noo Instr FTE OF = Tctal FTE OF-(Total In Class FTE OF+Indicated FTE OF for G Instr Overhead 
+Indicated FTE OF for VO Instr O\"erhead+FTE OF for Other Routine Tasks) - FTE 

Weekly Inactive Hours per OF = (Inactive FTE OF/Number of Grad Fac)*Weekly Hours per Facuhy - hours/Cweek*facuhy) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
. Under-graduate Facuhy Instruction Overhead Sector 

•••••••••••••••••••••••••••••••••••••••••••••••••••••• I. 

A~ AVer1lge VO Class Size '" MIN(Aver1lge UO Class Size Needed,Max VO Class ~ize Allowed) - students 

M FTE UOF for Overhead UO Instr = Indicated FTE UOF for VO Instr Overhead-C I-VOF Overhead Reduction Cod) - FIE 



Act FTE UOF for Projects = Act FTE UOF for Research and Projects*«UOF Financial Pressure 
:(l'OF Research Commitment-UOF Financial Pressure»*UOF Project \"5 Research Orientation) - FTE 

Act FTE UOF for Research = Act FTE VOF for Research and Projects*«UOF Research Commitment 
I(UOF Research Commitment+UOF Financial Pressure»*(2-UOF Project \'5 Research Orientation» - FTE 

Act FTE UOF for Research and Projects = !o.fiN(Available FTE UOF for Research and Project.s,Desired FTE UOF for Research and 
Projects) 

-FTE 
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Act FTE UOF for UO Instr = Operating Total FTE UO Faruhy for Instr-Surplus FTE l"O FaC"'-Additional FTE UOF for UO Inst - FTE 

Act ~on Instr FTE UOF = Total FTE UOF-(Total In Class FTE UOF+Act FTE UOF for Overhead UO Instr 
"'FTE UOF for Other Routine Tasks) - FTE 

A~ Overhead Load per UOF = ( Act FTE UOF for Overhead UO InstrlNumber ofUO Fae)*Weekly Hours per Faruhy 
- hours/(week*faruhy) 

Available FTE UOF for Research and Projects = Act Non Instr FTE UOF 
+«(!o.fr.\'(Reduced UOF Extra Work Load,UOF Bearable Extra Work Load)*Number ofUO Fae»/Weekly Hours per Faruhy) - FTE 

Desired FTE UOF for Research and Projects =(Total FTE UOF-Total In Class FTE UOF) 
• des FTE ugffor res pro vs ugfres pro comm(UOF Res Pro Commitment) - FTE 

FTE Assist for UO Instr Overhead = MIN«Total Nannal FTE for UO Instr Overhead*~fax UO Instr OH Delegation to Assist Percartage), 
«(FTE Asistants for Instr Overhead*Total Normal FTE for UO Instr Overhead)!(Total !\ormal FTE for Grad Instr Overhead 
... Total Nannal FTE for UO Instr Overhead))) - FTE 

ITE Needed for Other Routine Tasks = (Number ofUO Students*O.OOl)+(Number of Grad Students*0.OO2) - ITE 

ITE UOF for Other Routine Tasks = (FTE Needed for OtherRoutine Tasks*Tota1 FTE UOF)!(Total ITE OF+ Total ITE UOF). - ITE 

Inactive ITE UOF =MAX«Act Non Instr FTE UOF-Act FTE UOF for Research and Projects),O) - ITE 

Indicated FTE UOF for UO Instr Overhead =Normal FTE UOF for UO Instr Overhead 
-«(FTE Assist for UO Instr Overhead·Normal FTE UOF for DO Instr Overhead).'Total !\ormal FTE for UO Instr Overhead) - ITE 

Indicated UOF Extra Work Load =Mo\X((Desired FTE UOF for Research and Projects-(TocaJ Indicated Non Instr FTE UOF» 
·Weekly Hours per Faruhy)/Number ofUO Fae),O) - hours/(week*faruhy) 

Normal ITE UOF for UO Instr Overhead = Normal Overhead Ratio for UO Instr* Act FIE UOF for UO Instr - FTE 

Nonnal Overhead Ratio for UO Instr = 2*ug class size \'5 nann overhead ratio(Act Average UO Class Size) - dimensionless 

Number of Grad Students = Number of Grad Students 1 +Number of Grad Students 2 - mJdents 

Number ofUO Fae = Th;TEG(New UO Faruhy-UOFthat Leave,90) - faruhy 

Number ofUO Students = Number ofUO Students 1 + Number ofUO Students 2+Number ofUO Students 3+Number ofUO Students 4 
-mJdents 

Reduced UOF Extra Work Load =(MAX«DesITed FTE UOF for Research and Projeas-. .\ct Ncn Instr FTE UOF),O) 
·Weekly Hours per Faruhy)/Number ofUO Fae - hoW'Sl(week*faruhy) 

Total FTE OF =Number of Grad Fae - FTE 

Total FTE UOF = Number ofUO Fae - FTE 

Total In Class FTE UOF = Act FTE UOF for UO Instr - FTE 

Total Indicated Ncn Instr FTE UOF =Total FTE UOF-(Total In Class ITE UOF+Indicated FTE UOF for UO Instr Overhead 
+FTE UOF for Other Routine Tasks) - FTE 

Total Normal FTE for UO Instr Overhead = Nonnal FTE OF for UO Instr Overhead+Normal FTE UOF for UO Instr Overhead - ITE 

UOF Bearable Extra Work Load = 10 - hours/(week*faruhy) 

UOF Financial Pressure = INTEG(Cha in UOF Financial Pre:ssure,0.8) - dimensionless 

UOF Overhead Reduction Coef = (UOF Overhead Reduction Need*overhead red coefvs UOF teach oomm(UOF Teadting Commitment» 
- dimensicnless . 

UOF Overhead ReduCtion Need = ugfredu need vs ind extra work load(Indicated UOF Ewa \\'ork Load) - dimensicnless 

UOF Project \'5 Research Orientation = 0.8 - dimensionless 

UOF Res Pro Commitment = (UOF Financial Pressure--UOF Research Commitment)!2 - dimensionless 
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UGF Researdt Commitment = (lTGF l..'nsponsored Res Connnitment-'-UGF Spons Res Commitment),'2 - dimensionless 

UGF Teaching Commitment = p'\"TEG(Cha in VGF Teach Cornm,O.7) - dimensionless 

Weekly Inactive Hours per UGF =,(InalXive FrE UGF/~,umbe£ ofllG Fae)*Weekly Hours per Facuhy - hours/(week*facuhy) 

••••• ** ••••••••••••••• **** •••••••••••••••••••••••••••••• 
. Graduate Facuhy Research SelXor 

•••••••••••••••••• ** ••••••••••••••••••• * •••••• ** •••••••• 

AIX FfE OF for Researdt = AIX FrE GF for Researdt and ProjeIXs*«OF Researdt Commitment 
/(OF Researdt Commitment+GF Financial Pressure»*(Z-GF ProjeIX vs Researdt Orientation» - FfE 

AIX FfE OF for Spons Res = AIX FrE GF for Research*(GF Spons Res Commitment!(GF Researdt Commitment"Z» - FfE 

AIX ITE OF for Unsponsored Res = AIX FrE OF for Researdt*(GF L'nsponsored Res CommitmentJ(OF Researdt Commitment"Z» 
-FfE . 

AIX ITE UGF for Spons Res = AIX FrE UGF for Researcb"(UGF Spons Res Commitment!(UOF Researdt Commitment"Z» - FfE 

AIX ITE UOF for Unsponsored Res = AIX FrE UGF for Researdt"(UGF Unsponsored Res Commitment/(lTGF Research Commitment"Z» 
-ITE -

AIX Researdt Load per OF = (AIX FrE OF for Research!N1Ullbe£ of Grad Fae)"Weekly Hours per Facuhy - hours!(week*facu1ty) 

Assumed Peroeived UO Instr Quality = Assumed UG Instr Quality IndexlPerceived UO Instr Quality Index - dimensionless 

Cba in OF H A Spons Pap Pub = (period GF Spms Res Pap Pub-GF Hist Ave Spons Res Papers Pub)!OF Spons Res Pap AT 
-papers/(semester*semester) 

Cba in OF H A t'nsponsored Pap Pub = (period GF Vnsponsored Res Pap Pub-GF Hist Ave l,.,'nsponsored Res Papers Pub) 
/OF Unsponsored Res Pap AT -papersl(semester*semester) 

Cba in OF Spons Res Cornm = (OF Indicated Spons Res Comm-GF Spons Res Commitment)!OF Spons Res Comm AT 
- dimensionless/semester 

Cha in OF Unsponsored Res Cornm = (GF Indicated Unsponsored Res Comm-GF Unsponsored Res Commitment) 
/OF Unsponsored Res Comm AT - dimensionless/semester 

Cba in Spons Res Rec =( Indicated Spons Res Roo-Spons Res Recog)'Spons Res Rec AT ~ dimensionlesslsemester 

C1Ja in Unsponsored Res Rec = (Indicated Unsponsored Res Roo-Unsponsored Res Recog)/Unsponsored Res Rec AT 
- dimensionless/semester 

Desired Ave Res Papers Pub = 30 -papers/semester 

Eff of OF Spons Res Comm = OF SponS Res Commitment - dimensionless 

. EffofOF Unsponsored Res Comm = GF Vnsponsored Res Commitment- dimensionless 

Eff of Grad Students = eff of grad stu on res producti\ity(Grad Students OF Ratio) - dimensionless 

Eff of Lab Faci1ities for Spons Res = eff of lab taci on spons res(Lab Facilities for Spons Res per ITE for Spons Res) - dimensionless 

Eff of Lab Facilities for Unsponsored Res =eff oflab faci on unsponsored res 
(Lab Faci1ities for Unsponsored Res per FfE for Unsponsored Res) - dimensionless 

Financial Concern = 0.98 - dimensionless 

Funds Grants Gdten by Spoos Res = (AIX FfE OF for Spons Res*GF SpOIlS Res Funds Grmts Productivity) 
+(AIX ITE UOF for Spons Res"UGF Spons Res Funds Grants Producti\ity) - dollars1semester 

OF Des Rea1ized Res Pap Pub = Desired Ave Res Papers PubIGF Hist Ave Res Papers Pub - dimensionless 

OF Hist Ave Res Papers Pub = OF Hist Ave Vnsponsored Res Papers Pub+GF Hist Ave Spons Res Papers Pub - papers/semester 

OF Hist Ave Res Papers Pub per GF = GF Hist Ave Res Papers Pub!N1Ullbe£ of Grad Fae -papers!(taculty*semester) 

OF Hist Ave Spons Res Papers Pub = Il';"TEG(Cha in GF H A Spons Pap Pub,60) - papers!semester 

OF Hist Ave Unsponsored Res Papers Pub = INlEG(Cha in OF H A Unsponsored Pap Pub,60) -papers'semester 

OF Indicated Spons Res Comm =(0.4*GF Research CuhureHO.4*(gfres com \'5 des rea res pap(GF Des Rea1ized Res Pap Pub))) 
+(O.Z"Spons Res Recog) - dimensionless 
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OF Indicated l1nsponsored Res Comm ={0.4*OF Research Cuhure)-i-(O.4*(gfres com \'5 des rea res pap(OF ~ Realized Res Pap Pub))) 
",(0.2*Vnsponsored Res Recog} - dimensionless 

OF Research Commitment = (OF Unsponsored Res Commitment+GF Spons Res Commitment) '2 - dimensionless 

OF Research Culture = 0.9 - dimensionless 

OF Spons Res Comm AT = 6 - semester 

OF Spons Res Commitment = Th.'1EG(Cha in OF Spons Res Comm,0.85) - dimensionless 

OF Spons Res Funds Grants Productivity = «Elf of Lab Facilities for Spons Res+EffofOF Spons Res Comm) '2)-2000 
- dollarsl(faculty*semester) . 

OF Spons Res Pap AT = 6 - semester 

OF Spons Res Pap Productivity ={( Elf of Lab Facilities for Spons Res+EIf of OF Spons Res Comm+EIf of Grad Students)13)*4 
- papers/(faculty*semester) 

OF Unsponsored Res Comm AT = 6 - semester 

OF Unsponsored Res Commitment = Th.'1EG(Cha in OF Unsponsored Res Comm,0.85) - diinensionless 

OF l Usponsored Res Pap AT = 6 - semester 

OF l nsponsored Res Pap Producti\ity ={( Elf of Lab Facilities for lJnsponsored Res+EIf of OF L'nsponsored Res Comm 
+EIf of Grad Students )/3 )*4 - papers/(faculty*semester) 

Grad Students OF Ratio = Number of Grad Students,'Number of Grad Fae - students/faculty 

Hist Ave Res Pap per Faculty = Hist Ave Res Pap Pub,'Number of Faculty -papers/(faculty*semester) 

Hist Ave Res Pap Pub =GF Hist Ave Res Papers Pub+UOF Hist Ave Res Papers Pub - paper'S'semester 

Indicated Spons Res Rec =O.2*(spon res rec \OS spon pappub per FTE for spans res(Period Spoos Res Pap Pub Total FTE for Spons Res» 
,+O.4*(ind spans res rec \'5 spans res fimds grants prod«Funds Grants Gotten by Spoos Res Total ITE for Spons Res))) 
+O.4*Financial Concern - dimensionless 

Indicated tJnsponsored Res Rec = unsponsored res rec \'5 unsponsored pap pub per ITE for unsponsored re 
s(Period Unsponsored Res Pap Pubrrotal FTE for Unsponsored ResJ - dimensionless 

Lab Facilities for Spons Res = Lab Facilities*(fotal FTE for Spons Res/Total FTE for Lab Facility Coosuming Ad) -lab units 

Lab Facilities for Spons Res per FTE for Spons Res = Lab Facilities for Spons Resrrotal FTE for Spons Res - lab units/FI'E 

Lab Facilities for Unsponsored Res ;= Lab Facilities*(Total FTE for Unsponsored Resrrotal FTE for Lab Facility Consuming Ad) 
-labunits 

Lab Facilities 'for Unsponsored Res per FTE for Unsponsored Res = Lab Facilities for Uruponsored Res/Total FTE for Unsponsored Res 
- lab units.1FTE 

Number of Faculty = Number of Grad Fac+Number ofUO Fae - faculty 

Number ofGnid Fae = Il\'TEG(New Grad Faculty-GFthat Leave, 1 55) - faculty 

Period OF Spons Res Pap Pub =Th.'TEOER(Ad FTE OF foi' Spons Res*OF Spons Res Pap Produdhity)- papers'semeste£ 

Period OF Unsponsored Res Pap Pub =INTEOER(Ad FTE OF for Unsponsored Res*OF Unsponsored Res Pap Producti .. ity) 
- papers/semester 

Period Res Pap Pub = Period Spans Res Pap Pub+Period Unspoosored Res Pap Pub -papers/semester 

Period Spoos Res Pap Pub = Period OF Spons Res Pap Pub+Period UOF Spoos Res Pap Pub - papersfsc:mester 

Period UOF Spons Res Pap Pub =Il\'1EOER(Ad FTE UOF for Spons Res*UOF Spons Res Pap Producti\ity) - papers/semester 

Period UOF Unsponsored Res Pap Pub =Il\'1EOER(Ad FTE UOF for Unsponsored Res+UOF Unsponsored Res Pap Productility) 
- papers/semester 

Period Unsponsored Res PaP Pub = Period OF Unsponsored Res Pap Pub+~eriod UOF Unsponsored Res Pap Pub - papers/semester 

Spoos Res Rec AT = 10 - semester 

Spons Res Recog = Il\ 'TEG(Cha in Spons Res Rec,0.6) - dinlensionless 

Total FTE for Spons Res = Ad FTE OF for Spons Res+Ad FTE UOF for Spons Res - FTE 
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Total FTE for Unsponsored Res = Act FTE GF for Unsponsored Res-Act FTE UGF for Unsponsored Res - FTE 

UGF Hist Ave Res Papers Pub = UGF Hist I\\'e Unsponsored Res Papers Pub.UGF Hist Ave Spans Res Papers Pub - papers semester 

UGF Spans Res Foods Grants Productivity =«Eff of Lab Facilities for Spoos Res+Eff ofUGF Spans Res Conun)!2)·2000 
- dollars '(faculty·semester) . 

Unsponsored Res Rec AT = 10 - semester 

Unsponsored Res Recog = INTEG(Cha in Unsponsored Res Rec.0.7) - dimensionless 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
. Under-graduate Faculty Researdt Sector 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Act FTE GF for Spans Res = Act FTE GF for Research·(GF Spans Res CommitmenU(GF Research Commitment·2» - FI'E 

Act FTE GF for Unsponsored Res = Act FTE GF for Researdt·(GF Unsponsored Res CommitmenU(GF Researdt Commitment·2» 
-FTE . 

Act FTE UGF for Research = Act FI'E UGF for Research and Projec1s·«UGF Research Conunitment 
I(UGF Research Commitment+UGF Financial Pressure»"(2-UGF Project vs Research Orientation» - FTE 

Act FTE UGF for Spans Res = Act FTE UGF for Researdt·(UGF Spans Res Commitment/(UGFReseardt Commitment*2» - FTE 

Act FTE UGF for Unsponsored Res = Act FTE UGF for Research·(UGF Unsponsored Res Conunitmentl(UGF Research Commitment*2» 
-FTE 

Act Research Load per UGF = (Act FTE UGF for ResearchlNumber ofUG Fac)*Weekly Hours per Faculty - hours/(weekOfaculty) 

Assumed Perceived UG Instr Quality = Assumed UG Instr Quality Indi .... Perceived UG Instr Quality Index - dimensionless 

Assumed UG Instr Quality Index = 0.8 - dimensionless 

OIa in Pi:cceived UG Instr Qua Index = (Period UG Instr Quality Index-Perceived UG Instr Quality Index)/Perc UG Instr Qua Index AT 
- dimensionless/semester . 

Cha in Spans Res Rec =( Indicated Spans Res Rec-Spans Res Recog) 'Spans Res Rec AT 
- dimensionless/semester 

Cha in UGF H A Spans Pap Pub = (period UGF Spans Res Pap Pub-UGF Hist Ave Spans Res Papers Pub)/UGF Spons Res Pap AT 
- papersl(semester*semester) 

Cha in UGF H A Unsponsored Pap Pub = (period UGF Unsponsored Res Pap Pub-UGF Hist Ave Unsponsored Res Papers Pub) 
IUGFUnsponsored Res Pap AT -papers'(semester*semester) 

OIain UGF Spans Res Comm = (UGF Indicated Spans Res Comm-UGF Spans Res Conunitment)lUGF Spons Res Comm AT 
- dimensionless/semester 

Cha in UGF Teach Corom = (Indicated UGF Teach Comm-UGF Teaching Commitment)/UGF Teach Corom AT 
dimensionless/semester 

Cha in UGF Unsponsored Res Comm = (UGF Indicated Unsponsored Res Comm-UGF Unspoosored Res Commitment) 
IUGF Unsponsored Res Comm AT - dimensionless/semester 

Ota in Unsponsored Res Rec = (Indicated Unsponsored Res Rec-lTnsponsored Res Recog)/Unsponsored Res Rec AT 
- dimensionless/semester . 

Desired Ave Res Papers Pub = 30 - papers/semester . 

Eff of Lab Facilities for Spans Res = cff oflab faci on spOIls res(Lab Facilities for Spons Res per FTE for Spans Res) - dimensionless 

Eff ofVGF Spans Res Ccmm = UGF Spans Res Conunitment - dimensiccless 

Eff ofUGF Unsponsored Res Comm = UGF Unsponsored Res Commitment - dimensiccless 
Financial Concern = 0.98 - dimensionless 

Foods Grants Gotten by Spons Res = (Act FTE GF for Spans Res*GF Spans Res Foods Grants Productivity)+(Act FTE UGF for Spans Res 
*UGF Spans Res Foods Grants Productivity) - dollars 'semester 

GF Hist Ave Res Papers Pub = GF Hist Ave Unsponsored Res Papers Put,...QF Hist Ave Spans Res Papers Pub - papers/semester 

GF Spans Res Foods Grants Productivity = «(Eff of Lab Faciliti:s for Spans Res+Eff ofGF Spons Res Comm)I2)·2000 
- dollars/(faculty·semester) 



Hist Ave Res Pap per Facuhy = Hist Ave Res Pap Pub·~umber ofFacuhy - papez-s!(facuhy*semester) 

Hist Ave Res Pap Pub =OF Hist Ave Res Papers Pub+110F Hist Ave Res Papers Pub - papers semester 

Indicated Spons Res Rec =O.2*(span res rec \'5 span pap pub per fTE for spans res(Period Spons Res Pap Pub Total FTE for Spons Res» 
+O.4*(ind spons res rec \'S spans res fimds grants prod«FlUIds Grants Ootten by Spons Res Total fTE for Spons Res))) 
+O.4*Financial Concern - dimensionless 

Indicat~ U~F Teach Comm = (ugfteach com \'5 des rea instr qua(Assumed Perceived UO Instr Quality)+UOF Teaching Cuhure) '2 
- dimensionless 

Indicated Unsponsored Res Rec = unsponsored res rec \'5 unsponsored pap pub per fTE for unsponsored res 
(period Unspoosored Res Pap Pub-Total fTE for Unsponsored Res) - dimensionless 

Lab Facilities for Spons Res = Lab Facilities*(Total fTE for Spons Res.!fotal fTE for Lab Facility ConSlIDling Act) -lab lUIits 

Lab Facilities for Spons Res per fTE for Spons Res = Lab Facilities for Spons Res!fotal FTE for Spons Res -lab lUIitsiFfE 

Net Spons Res FlUIds Prod per Facuhy = FlUIds Grants Ootten by Spons Res~umber of Faculty - dollarsl(faculty*semester) 

Number ofFacuhy = Number of Grad Fac+Number ofUO Fac - faculty 

Number ofUO Fac = INTEG(Xew UO Facuhy-UOFthat Leave,90) . - facuhy 

Perc UO Instr Qua Index AT = 10 - semester 

Perceived UO Instr Quality Index = INTEG(Cba in Perceived UO Instr Qua Index,0.8) - dimensionless 

Period OF Spoos Res Pap Pub =ThlTEOER(Act fTE OF for Spons Res*OF Spons Res Pap Productivity) -papers/semester 

Period OF Unsponsored Res Pap Pub =ThlTEGER(Act FTE OF for Unsponsored Res*OF Unsponsored Res Pap Productivity) 
- papers/semester 

Period Spons Res Pap Pub = Period OF Spons Res Pap Pub+Period UOF Spons Res Pap Pub - papers/semester 

Period UO Instr Quality Index =(Eff of Act UOI Ovemead per UO Stu on UOl QuaIity+Eff of Research m UOI Quality 
+EffofUO Class Size on UG! Quality+EffofLab Facilities for UOl on UOl Quality}14 -dimensionless 

Period UOF Spoos Res Pap Pub =ThlTEOER(Act fTE UGF for Spons Res*UOF Spons Res Pap Productivity) -papers/semester 

Period UOF Unsponsored Res Pap Pub =Th.'TEOER(Act FTE UOF for Unsponsored Res*UOF lJnspmsored Res Pap Productivity) 
- paperslsemester 

Period Unsponsored Res Pap Pub = Period OF Unsponsored Res Pap Pub+Period UOF Unsponsored Res Pap Pub - papers!semester 

Spons Res Rec AT = 10 - semester 

Spoos Res Recog = Th.'TEG(Cba in Spons Res Rec,0.6) - dimensionless 

TruI FTE for Spons Res = Act fTE OF for Spons Res+Act FTE UOF for Spons Res - fTE 

Total FTE for Unsponsored Res = Act fTE OF for Unsponsored Res+Act fTE UOF for Unsponsored Res - FTE 

UOF Des Realized Res Pap Pub = Desired Ave Res Papers PublUOF Hist Ave Res Papers Pub - dimalsionless 
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UOF Hist Ave Res Papers Pub = UOF Hist Ave Unsponsored Res Papers Pub+UOF Hist Ave Spons Res Papers Pub - papers/semester 

UOF Hist Ave Res Papers Pub per UOF = UOF Hist Ave Res Papers PublNumber ofUO Fac -papez-sl(faculty*semester) 

UOF Hist Ave Spons Res Papers Pub = INrEG(Cba in UOF H A Spons Pap Pub,12) - papers/semester 

UOF Hist Ave Unsponsored Res Papers Pub = INTEG(O!a in UOF H A Unsponsored Pap Pub,l 0) - papers/semester 

UOF Indicated Spons Res Comm =(O.4*UOF Research Culture)+(0.4*(ugfres com \'5 des rea res pap(UOF Des Realized Res Pap Pub») 
+(0.2*Spons Res Recog) - dimensionless 
UOF Indicated Unsponsored Res Comm =(0.4*UOF Research Culture) 
+(0.4*(ugfres com \'5 des rea res pap(UOF Des Realized Res Pap Pub»)+{0.2*Unsponsored Res Reoog) - dimensionless 

UOF Research Connnitment = (UOF Unsponsored Res Commitment+UOF Spons Res Commitment}'2 - dimensimless 

UOF Research Culture = 0.3 - dimensionless 

UOF Spons Res Comm AT = 6 - semester 

UOF Spons Res Commitment = 1l'.'TEG(O!a in UOF Spons Res COmm,O.S) - dimensimless 



UGF Spons Res Funds Grants Productivity ={(Eff of Lab Facilities for Spons Res--Eff ofl'GF Spans Res Cormn) '2)*2000 
- dollars,(faculty*semester) 

UGF Spons Res Pap AT = 6 - semester 

UGF Spons Res Pap Producthity =« Eff of Lab Facilities for Spans Res-'-Eff ofCGF Spons Res Comm) '2)*2.5 
- papers'(faculty*semester) .. 

UGF Teach Comm AT = 6 - semester 

UGF Teaching Connnitment = Il\'TEG(Cba in UGF Teach Conun,0.7) -dimensicnJess 

UGF Teaching Culture = 0.85· - dimensionless 

UGF Unsponsored Res Cormn AT = 6 - semester 

UGF Unsponsored Res Commitment = Il\ 'TEG(Cba in UGF Unsponsored Res Comm,O.5) - dimensionless 

UGF Unsponsored Res Pap AT = 6 - semester 

UGF Unsponsored Res Pap Producthity ={( Eff of Lab Facilities for Spons Res ... Eff ofUGF l 'nsponsored Res Cornm}'2)*2.5 
- papers!(faculty*semester) 

Unsponsored Res Rec AT = 10 - semester 

Unsponsored Res Recog = Il\'TEG(Cha in Unsponsored Res Rec,O.7) - dimensicnJess 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
. Graduate Faculty Projects Sector 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• * 

Act FTE GF for IGP = Act FTE GF for Projects*(GF IGP Motivationf(GF IGPMotivation ...oF UP Motivation» - FTE 

Act FTE GF for tJP = Act FTE GF for Projects*(GF UP Moti\'II1ionl(GF IGP Motivation "'OF ll' Moti\'II1ion» - FTE 

Act FTE GF for Projects = Act FTE GF for Research and Projects 
*«GF Financial Pressure/(GF Research Cotnmitment+GF Financial Pressure»*GF Project \'S Research Orientation) - FTE 

Act FTE UGF for IGP = Act FTE UGF for Projects*(UGF IGP Motivationf(UGF IGP Motivation+UGF UP Motivation» - FTE 

Act IGP Load per GF = (Act FTE GF for IGPfNumber of Grad Fac)*Weddy.HoUrs per Faculty - hOW'Sf(week*faculty) 

Act UP Load per GF = (Act FTE GF for UP/Number of Grad Fac)*Weddy HOW'S per Faculty - hoursl(week*faculty) 

Average GF Salary AT = 2 - semester 

Cha in Ave GF Salary = (GF Period Salary-Hist Average GF Salm)')fA\'erage GF Salary AT - doUars'(month*semester) 

Cha in GF Financial Pressure = (GF Indicated Fin Press-GF Financial Pressure)IGF Fin Press AT - dimensionless/semester 

Cha in GF IGP Mot = (Indicated GF IGP Mot-GF IGP Motivation)!GF IGP Mot AT - dimensionless/semester 

ClIa in GF UP Mot = (Indicated GF UP Mot-GF UP Motivation)fGF UP Mot AT - dimensioolessfsemester 

Cha in IGP Attr for Admin =(Indicated IGP Attr for Admin-IGP Attractiveness for Administraticn)!IGP Attr for Admin AT 
- dimensicnJessfsemester 

Direct FTE GF for IGP = 0.25* Act FTE GF for IGP - FTE 

Eff ofGF IGP Mot = elf of gfIGP mot \'S gfIGP mot(GF IGP Moti\'II1ion) - dimensionless 
... 

Eff of Income Ratio GF = gfUP IGP income ratio vd elf of it (IGP UP Income Ratio) - dimensionless 

Eff of Lab Faci for IGP = elf oflab faci on IGP(Lab Facilities for IGPfTotal FTE for IGP) - dimmsicnJess 

EffofMentality GF = gfIGPUP ment "5 effofit(IGP UP MentaIityGF) -dimensionless 

GF Act vs Exp Ratio of Salary =Hist Average GF SalaryfGF Expected Salm)' - dimensiooless 

GF Expeded Salary = 1200 - doUars'month 

GF Fin Press AT = 6 - semester 

GF Financial Pressure = II\'TEG(Cha in GF Financial Pressure,0.8) - dimensionless 
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OF lOP ~fot AT = 6 - semester 

OF lOP ~lotivation = INTEG(Cha in OF lOP ~lot,O. 7) - dimensionless 

OF lOP Productivity = «Eff of OF lOP ~fot-EffofLab Faci for IOP)'2)*8000 - dollars'(facuhy*semester) 

OF Indicated Fin Press =gf act exp rat salal)' \"s ind fm press(OF Act vs Exp Ratio ofSalal)') - dimensionless 

OF UP Mot AT = 6 - semester 

OF UP Motivation = 1l'.'TEG(Cha in OF l'P Mot,O.5) - dimensionless 

OF Period Salary = 450 - dollars 'month 

Gross InCome Generated by lOP = (UOF lOP Producti>ity· Act FTE UOF for IOP".(OF lOP Producthity· Act FTE OF for lOP) 
- dollars/semester . 

Hist Average OF Salal)' =1l'.'TEG(Cha in Ave OF Salal)',450) - dollars 'month 

lOP Attr for Admin AT = 2 - semester 

lOP Attractiveness for Administration = 1l'.'TEG(Cha in lOP Attr for Admin.0.8) - dimensionless 

lOP Income Level = 20 - dollarsbours 

lOP UP Income Ratio =IOP Income w'e\1 UP Income Level - dimensionless 

lOP UP Mentality OF = 0.7 - dimensionless 

Income Share for OF on lOP = lOP Income w'el*Direct FTE OF for IOp·Weekly HourS per Faeuhy ·Weeks per Semester 
- dollars!semester 

Income Share for UOF on lOP = lOP Income w'e\*Direct FTE UOF for IOp·\\'eekly Hours per Facuhy*Weeks per Semester 
- dollars!semester 
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Indicated OF lOP Mot =«(SQRT«l-Eff of Income Ratio OF)*Eff of Mentality OF»)*0.9HIOP Attractiveness for Administration*O.l) 
- dimensionless 

Indicated OF UP Mot =SQRT(Eff of Income Ratio OF*(l-Eff of Mentality OF» - dimensionless 

Indicated lOP Attr for Admin = lOP attr for adm \'5 fimds FTE for lOP ratio 
(Gross Income Generated by IOP/(Act FTE UOF for IOP+Act FTE OF for lOP» - dimensionless 

Lab Facilities for lOP = Lab Facilities*(Total FTE for IOP,Total FTE for Lab Facility Consuming Act) -lab units 

Net Funds Grants Gotten by lOP = Gross Income Generated by IOP-(lncome Share for UOF 00 IOP+Income Share for OF on lOP) 
- dollars!semester 

Number of Grad Fae = INTEG(New Grad Facuhy-GFthat Leave,l55) - facuhy 

UP Income w'el =40' . - dollars,bours 

Total FTE for lOP = Act FTE OF for IOP+Act FTE UOF for lOP - FTE 

UOF lOP Productivity = «(Eff ofUOF lOP Mot-Eff of Lab Faci for IOP)f2)*8000 - dollars/(facuhy*semester) 

Weekly Hours per Facuhy = 40 - hours!(week*FTE) 

Weeks per Semester = 23 -weeks/semester 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
. Under-graduate Facuhy Projects Sector 

•••••••••••••••••••••••••••••••••••••••• * ••••••••••••••• 

Act FTE OF for lOP = Act FTE OF for Projects*(OF lOP Motivation/(OF lOP Mwvatioo+GF UP Mwvatioo» - FTE 

Act FTE UOF for lOP = Act FTE UOF for Projects*(UOF lOP Motivationi(UOF lOP ~fwvatioo+UOF UP Motivation» - FTE 

Act FTE UOF for UP = Act FTE UOF for Projects*(UOF UP Motivatioo/(UOF lOP Motivation+UOF UP Mwvation» - FTE 

Ad FTE UOF for Projects = Act FTE UOF for Researdt and Projects 
*«UOF Financial Pressure!(UOF Researdt Commitment+UOF Financial Pressure»*UOF Projed \'5 Researdt Orientation) - FTE 

Act lOP Load per UOF = (Act FTE UOF for IGP.'Numbei- of110 Fae)*Weekly Hours per Facuhy - hours/(week*facuhy) 



Ad l'P Load per l'GF = (Ad FTE UGF for L'P,}.iumber ofUGFac)"\\'eekly Hours per Faculty - hours:(week"faculty) 

Average UGF Salary AT = 2 - semester 

Cha in Ave UGF Salary = (UGF Period Salary-Hist Average UGF Salary)/Average CGF Salary AT - dollars (month"semester) 

Cha in IGP A1tr for Admin =(Indicated IGP AnT for Admin-IGP Attractiveness for Administration) IGP .-\ttr for Admin AT 
- dimensionless 'semester . 

Cha in l'GF Financial Pressure = (UGF Indicated Fin Press-lTGF Financial Pressure) UGF Fin Press AT - dimensionless1semester 

Cha in UGF IGP Mot = (Indicated UGF IGP Mot-UGF IGP Motivation)IUGF IGP Mot AT - dimensionless;semester 

Cha in UGF UP Mot = (Indicated UGF UP Mot-UGF UP Motivation)IUGF liP Mot .~T - dimensionless/semester 

Direct FTE UGF for IGP = 0.25* Ad FTE UGF for IGP - FTE 

Eff of Income Ratio UGF = ugfUP IGP income ratio vd eff of it(IGP UP Income Ratio) - dimensionless 

Eff of Lab Faci for IGP = eff oflab faci on IGP(Lab Facilities for IGPffotal FTE for IGP) - dimensionless 

Eff of Mentality UGF = ugfIGP UP ment \'5 eff of it(IGP UP Mentality UGF) - dimensionless 

Eff ofUGF IGP Mot = eff ofugfIGP mot vs ugflGP mot(UGF IGP Motivation) - dimensionless 

GF IGP Productivity = «EffofGF IGP Mot+EffofLab Faci for IGP)I2)*8000 - dollars!(faculty*semester) 

Gross Income Generated by IGP = (UGF IGP Productivity* Ad FTE UGF for IGP)+(GF IGP Productivity* Act FIE GF for IGP) 
- dollars/semester. . 

Hist Average UGF Salary =INTEG(Cha in Ave UGF Salary,450) - dollars/month 

IGP A1tr for Admin AT = 2 - semester 

IGP Attractiveness for Administration = INTEG(Cha in IGP .-\ttr for Admin,0.8) - dimensionless 

IGP Income Level = 20 - dollars-hours 

IGP u1' Income Ratio =IGP Income Level! UP Income Level - dimensionless 

IGP UP Mentality UGF= 0.7 - dimensionless 

Income Share for GF on lGP = IGP Income Level*Direct FTE GF for IGP*Weekly Hours per Faculty *Weeks pee Semester 
- dollars/semester 

Income Share for UGF on IGP = IGP Income Level*Direct FTE UGF for IGP*Weekly Hours per Faculty*Weeks per Semester 
- dollars/semester 

Indicated IGP A1tr for Admin = IGP attr for adm \'S fimds FTE for IGP ratio 
(Gross Income Generated by IGP/(Ad FTE UGF for IGP"'Ad FTE GF for IGP» - dimensionless 

Indica100 UGF IGP Mot =«(SQRT«I-Eff of Income Ratio UGF)*Eff of Mentality UGF»)*0.9)+(1GP Attractiveness for 
Administration *0. I) 

- dimensionless 

Indicated UGF UP Mot =SQRT(Eff of Income Ratio UGF*( I-Eff of Mentality UGF» - dimensionless 

Lab Facilities for IGP = Lab Facilities*(Total FTE for IGPrrotal FTE for Lab Facility Coosuming Act) -lab units 

Net Funds Grants Gotten by IGP = Gross Income Generated by IGP-(Income Share for UGF on IGP+Income Share for GF on IGP) 
- dollarsJsemester 

Net IGP Produdhity per Fac = Net Funds Grants Gotten by IGP/Number ofFaculty - dollars/(faculty*semester) 

Number ofFaculty = Number of Grad Fac+Number ofUG Fac - faculty 

Number ofUG Fac = Th.'TEG(New UG Faculty-UGF that Leave,90) - faculty 

UP Income Level =40 - dollars.bours 

Total FTE for IGP = Ad FTE GF for IGP+Ad FTE UGF for IGP - FIE 

UGF Ad \'5 Exp Ratio of Salary =Hist Average UGF SalarylUGF Expected Salary - dimensionless 

UGF Expected Salary = 1200 - dollars 'month 

UGF Fin Press AT = 6 - semester 
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lTGF Financial Pressure = r.-.'TEG(Cha in t'GF Financial Pressure,0.8) - dimensionless 

t:GF IGP ~fot AT = 6 - semester 

UGF IGP Motivation = Th,TEG(Cha in UGF IGP Mot,O.7) - dimmsionless 

tlGF IGP Produdivity = «(Eff oft'GF IGP Mot~Eff of Lab Faci for IGP)!2)*8000 - dollars!(facuhy*semester) 

UGF Indicated Fin Press =ugf ad exp rat salary \os ind fm press(UGF Ad vs Exp Ratio of Salary) - dimensionless 

UGF UP Mot AT = 6 - semester 

UGF UP Motivation = TI-.'TEG(OJa in UGF UP Mot,O.5) - dimensionless 

UGF Period Salary = 450 - dollarslmonth 

UGF Projea ... os Research Orientation = 0.8 - dimensionless 

Weeks per Semester = 23 - weeks!semester 

•••••••• * ••••••••• **** •••••• ** ••• ** ••••••••••••••••••••• 
. Laboratory Facilities Sedor 

••••••••••••••• ** ••••••••••••••••••••••••••••••••••••••• 

Act FTE GF For Grad Instr = Mr.\'(Total FTE Needed for Grad Instr 
,(Operating Total FTE Grad Facuhy for Instr+Additional FTE GF for Grad Inst» - FTE 

Ad FTE GF for IGP = Ad FTE GF for Projec1s*(GF IGP Motivation!(GF IGP Motivation+<3F UP Moti .... ation» - FTE 

Act FTE GF for Spons Res = Ad FTE GF for Research*(GF Spons Res Commitment/(GF Research Commitment*2» -FTE 

Ad FTE GF for UG Instr = Implied FTE Grad Facuhy for UG Instr-Surplus FTE Grad Fac+Additional FTE GF for UG Inst - FTE 

Ad FTE GF for Unsponsored Res = Act FTE GF for Research*(GF Unsponsored Res Connnitmentl(GF Research Commitment*2» 
FTE 

Ad FTE UGF for IGP = Ad FTE UGF for Projec1s*(UGF IGP Motivationi(UGF IGP Moti .... ation ... UGF til' Moti .... ation» - FTE 

Ad FTE UGF for Spons Res = Ad FTE UGF for Research*(UGF Spons Res Commitmentl(UGF Research Connnitment*2» - FTE 

90 

Ad FTE UGF for UG Instr = Operating Total FTE UG Facuhy for Instr-Surplus FTE UG Fac+Additional FTE UGF for UG Inst - FTE 

Ad FTE UGF for Unsponsored Res = Act FTE UGF for Research*(UGF Unspoosored Res Commitment/(UGF Researdl Commitment*2» 
-FTE 

Foods Grants Gotten by Spons Res = (Ad FTE GF for Spons Res*GF Spons Res Foods Grants Produdi\ity) 
+(Ad FTE UGF for Spons Res*UGF Spons Res Foods Grants Produdi\uy) - dollars.'semesler 

IGp Foods Lab Facility Invest Ratio =0.4 - dimensionless 

Lab Facilities = INTEG(Na OJange in Lab Facilities,400) -lab IUlits 

Lab Facilities Depr Coef=O.02 - dimmsionless!semester 

Lab Facilities for Grad Instr = Lab Facilities*(Total FTE for Grad InstrtTotal FTE for Lab Facility Coosuming Ad) -lab IUlits 

Lab Facilities for IGp = Lab Facilities*(Total FIE for IGPtTotal FTE for Lab Facility Coosuming Ad) -lab IUlits 

Lab Facilities for Spons Res = Lab Facilities*(Tctal FTE for Spons Resffctal FTE for Lab Facility Consuming Ad) -lab IUlits 

Lab Facilities for UG Instr = Lab Facilities*(Total FTE for UG Instrffotal FTE for Lab Facility Cmsuming Ad) -lab units 

Lab Facilities for Unsponsored Res = Lab Facilities*(Tctal FTE for Unsponsored Resffctal FTE for Lab Facility Consuming Ad) 
- lab Iulits 

Lab Facility Invest Ratio = 0.0005 -lab IUlitsldollarsNet OJange in Lab Facilities :=New Lab Facilities 
~b Facilities*Lab Facilities Depr Coef) -lab unitslsemester 

Net Foods Grants Gotten by IGP = Gross Inrome Generated by IGp-{Inoome Share for UGF on IGP+Inoome Share for GF on IGP) 
- dollars/semester 

New Lab Facilities = Lab Facility Invest Ratio*«(!':et Foods Grams Gotten by IGP*IGP Foods Lab Facility Invest Ratio) 
+(Foods Grants Gotten by Spons Res*Spons Res Foods Lab Facility Invest Ratio)+{New Lab Facility Invest by Gov» -lab lUlits'semesler 

New Lab Facility Invest by Go .... = 80000 - dollars!semester 



Part Time ITE for Grad Instr =M.-\.\:(O,~fI:\:(Extra ITE ~eed for Grad Inst,Operating Total ITE Grad Faculty for Instr 
*}.!ax Part Time Percentage for Grad Instr» - ITE _ 

Part Time ITE for VG Instr = MA\:(O, 
~1r.'(Ex"tra ITE ~eed for LTG Inst,Implied Total ITE for llG Instr*Max Part Time Percertage for LTG Instr» - ITE 

Spons Res FlUlds Lab Facility Invest Ratio =0.4 - dimensionless 

Total ITE for Grad Instr = Act ITE GF For Grad Instr+Part Time ITE for Grad Instr - ITE 

Total ITE for IGP = Act ITE GF for IGP+Act ITE VGF for IGP - ITE 

Total ITE for Lab Facility Consuming Act = Total FTE for Grad Instr+ Total FIE for L'G Instr'-Total ITE for Unsponsored Res 
+ Total ITE for Spons Res+ Total ITE for IGP - FTE 

Total FTE for Spons Res = Act ITE GF for Spons Res+Act ITE VGF for Spons Res - ITE 

Total ITE for UG Instr = Act ITE GF for UG Instr+Act ITE UGF for UG Instr+Part Time ITE for UG Instr - ITE 

Total ITE for Unsponsored Res = Act ITE GF for Unsponsored Res+Ad ITE UGF for Vnsponsored Res - ITE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
. Assistants Sedor 

•••••••••••••••••••••••••••••••••••••••••••••••••••••• *. 
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Assistant Positions =(Number of Grad Fac+Number ofUG Fac+ Vacant Faculty Positions )"Faculty Assistant Positions Ratio - assistants 

Assistants Grad Students Ratio = 0.25 - assistants/students 

Faculty Assistant Positions Ratio = 1 - assistantsifawlty· 

ITE Asistants for Instr Ovemead =( Number of Assistants"Weekly Hours per Assist"Instr Ovemead Load Ratio for Assist) 
!\\'eekly Hours per Faculty - ITE 

ITE Assist for Grad Instr Overhead = }.fiN«Total Nonnal ITE for Grad Instr O ... emead·~!ax G Instr OH Delegation to Assist Percentage) 
,«(ITE Asistants for Instr Ovemead *Total Nonnal FTE for Grad Instr Ovemead) 
/(Total Nonnal ITE for Grad Instr Ovemead +Total Nannal ITE for UG Instr Ovemead))) - ITE 

ITE Assist for UG Instr Ovemead = MIN«Total Nannal ITE for UG Instr Ovemead"Max UG Instr OH Delegation to Assist Percentage) 
,«(ITE Asistants for Instr O"emead + Total Nannal FTE for UG Instr Ovemead) 
/(Total Nannal ITE for Grad Instr Ovemead +Total Nannal ITE for UG Instr Ovemead») - ITE 

Indicated ITE GF for G Instr Ovemead =Nannal ITE GF for G Instr Ovemead-ITE Assist for Grad Instr Ovemead - ITE 

Indicated ITE GF for UG Instr Ovemead =Nonnal FTE GF for UG Instr Ovemead 
-«(ITE Assist for UG Instr Ovemead"Nonnal FTE GF for UG Instr Ovemead)rrotal Nonnal FTE for UG Instr Ovemead) - FTE 

Indicated ITE UGF for UG Instr Ovemead =Nonnal FTE UGF for UG Instr Ovemead 
-«(ITE Assist for UG Instr Overhead"Nannal ITE UGF for UG Instr O ... emead) !f<ul ~ormal ITE for UG Instr Ovemead) - FTE 

Instr Ovemead Load Ratio for Assist = 0.5 - dimensionless 

Max G Instr OH Delegation to Assist Percentage = 0.3 - dimensionless 

Max UG Instr OH Delegation to Assist Percentage = 0.4 - dimensionless 

Nannal FTE GF for G Instr Ovemead = Normal Ovemead Ratio for Grad Instr* Act FTE GF For Grad Instr - FTE 

Nannal FTE GF for UG Instr Ovemead = Normal Ovemc;ad Ratio for UG Instr* Ad FTE GF for UG Instr - FTE 

Nannal FTE UGF for UG Instr Ovemead = Nannal Ovemead Ratio for UG Instr* Act FTE UGF for UG Instr - FTE 

Number of Assistants = MIN(Assistant Positims,(Assistants Grad Students Ratio"l'<'umber of Grad Students» - assistants 

Number of Grad Fac = INTEG(New Grad Fawlty-GFthat Leave, I 55) - fawlty 

Number of Grad Students = Number of Grad Students 1 +Number of Grad Students 2 - students 

Number ofUG Fac = INTEG(New UG Fawlty-UGFthat Leave,90) - fawlty 

TWiI Normal FTE for Grad In!tr Ovemead = Normal FTE GF for G Instr Ovemead - ITE 

Total ~ormal FTE for PG Instr Ovemead = Nonnal ITE GF for VG Instr Ovemead+Normal ITE UGF for l'G Instr Ovemead - FTE 



Vacant Facuhy Positions = INlEG(GFthat Leave+~e\\· Facuhy Positions-!,e\\ Grad Facuhy-~~· UG Facuhy-l'GFthat Lea\"e,135) 
- facuhy 

Weekly Hours per Assist = 20 - hours'(week*assistants) 

Weekly Hours per Facuhy = 40 . - hours.'(week*FIE) 
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Graph for UG Graduation 
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Graph for UG Students Fac Ratio 
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Graph for Act Instr Load pet UGF 
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FIGURE B.1.3.4. The Behavior of Average UG Class Size in Case of 
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Graph for Period Res Pap Pub 
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Graph for GF IGP Motivation 
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FIGURE B.2.1.1. The Behavior of GF IGP Motivation for Different Values 
ofGF IGP UP Mentality; (decr~ed to 0.2 in run 001, to 0.5 in run 002 
and increased to 0.8 in run 003, 1.0 in run 004 from 0.7 in the base run.) 
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FIGURE B.2.l.2. The Behavior of GF UP Motivation for Different Values 
ofGF IGP UP Mentality; (decreased to 0.2 in run 001, to 0.5 in run 002 
and increased to 0.8 in run 003, 1.0 in run 004 from 0.7 in the base run.) 



105 

Graph for Act FTE GF-for IGP 
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Graph for Total FIE Needed for Grad Instr 

40 , 

I 
I 

! 
I 

0- I 

V -V j -....- u 
~ :-- ! 

I--;.- I 

-

30 

20 

10 
I ~4 

II , 

I o 
o 2 4 6 8 10 12 14 16 18 20 

Time 

Total FIE Needed for Grad Instr - 642 001 ________ 1 FIE 
Total FIE Needed for Grad Instr - 642-002 2 FIE 
Total FIE Needed for Grad Instr - 642-003 3 FIE 
Total FIE Needed for Grad Instr - 64r 004 4 FIE 

FIGURE B.2.2.1. The Behavior of Total FTE Needed for Grad Instructionfor Different Values 
of Average Hours per Graduate Student; (decreased to 3 in run 001, to 1 in 
run 002 and increased to 20 in run 004 from 15 in the base run and run 003.) 
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Graph for Act GI Overhead Load per GF 
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FIGURE B.2.2.3. The Behavior of Grad Instruction Overhead Load per GF for Different Values 
of Average Hours per Graduate Student; (decreased to 3 in run 001, to 7 in 
run 002 and increased to 20 in run 004 from 15 in the base run and run 003.) 
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. Values of GF Research Papers Productivity; (decreased to 1 in run 001, to 2 
in run 002 and increased to 7 in run 004 from 4 in the base run and run 003.) 
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FIGURE C.I.l. Experiments with Graduate versus Under-graduate. Study Orientation 
(Higher Under-graduate and Lower Graduate Admission in run 1 versus 
Lower Under-graduate and Higher Graduate Admission in run 2) 
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FIGURE C.l.3. Experiments with Graduate versus Under-graduate Study Orientation 
(Higher Under-graduate and Lower Graduate Admission in run 1 versus 
Lower Under-graduate and Higher Graduate Admission in run 2) 
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FIGURE C.1.5. Experiments with Graduate versus Under-graduate Study Orientation 
(Higher Under-graduate and Lower Graduate Admission in run 1 versus 
Lower Under-graduate and Higher Graduate Admission in run 2) 
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FIGURE C.l. 7. Experiments with Graduate versus Under-graduate Study Orientation 
(Higher Under-graduate and Lower Graduate Admission in run 1 versus 
Lower Under-graduate and Higher Graduate Admission in run 2) 
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FIGURE C.2.I. Experiments with Different 'Desired' and 'Maximum' UG Class Sizes 
(Desired=20,Maximum=40 in run 2; Desired=80, Maximum=160 in run 3 
Desired=50, Maximum=100 in the base run and run 1) 
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FIGURE C.2.3. Experiments with Different 'Desired' and 'Maximum' UG Class Sizes 
(Desired=20,.Maximum=40 in run 2; Desired=80, Maximum=160 in run 3 
Desired=50, Maximum= 1 00 in the base run and run 1) 
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FIGURE D.I.2. Behavior Patterns from Research Oriented Faculty Member's Second Game 
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FIGURE D.2.3. Net IGP Income for University Obtained by the Research Oriented Faculty 
Member (pJayrl_2) and the Balance Seeking Faculty Member(playr2_3) 
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FIGURE D.3.2. Behavior of Number of Graduate Students in the Games Played by the Balance 
Seeking Faculty Member (playr2 _3) and the Teaching Assistant (Playr3 _3) 
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SHOWY AR, "Indicated GF Supply", 64. 28. O. 3, RjSystem!10IblO-O-2551. 
RECT A.'!>JGLE. "", 67. 27. 31. 5 . 
TEX.ONL Y. "Indicated UGF Supply". 67. 27, 23, 5. L1!!b!. 
SHOWY AR, "Indicated UGF Supply". 97. 28. 0. 3, RjS)'Slem:lOlb!0-0-2551. 
RECT A.'!>JGLE. "", 34. 33, 31, 5 . 
TE..'XTONLY, "New Grad Facuhy", 34. 33, 23, 5, L111bl. 
SHO\\'\'AR, "Ne\\' Grad Facuhy", 64, 34, 0, 3, RjSyslem!10iblO-O-2551, 
RECT A.'!>JGLE. "", 67, 33. 31, 5 
TEX.ONL Y. "Ne\\' UG'Facuhy". 67, 33. 23. ~, L111b!, 
SHOWY AR, "NeI\' UG Faculty". 97, 34, 0, 3. R,:S}'SlemJI0iblO-O-2551. 
RECT A.."JGLE, "", 34, 39, 31, 5 
TE.::-...O~ y, "GF that Leave", 34, 39, 23, 5. I;"b:, 
SHO\\'\'AR, "GFthat Leave", 64, 40, O. 3. RSyst.em:1O;b:O-O~255i. 
RECTANGLE, "", 67. 39. 31, 5 
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1E\'TO:-"'L Y, "L'GF that Leave", 67, 39. 23, 5, v'!ib;, 
SHO\\ '\'AR, "L'GF that Leave", 97. 40, 0. 3, R!System 10 bO-O-2!i5;. 
RECTA .. '\'GlE, "", 34, 45, 31, 5 
TEA'TO!\'L Y, "Average Grad Class Size", 34, 45,23.5, L :b!, 
SHOW\, AR, "Act Avaage Grad Class Size", 64, 46, 0, 3, R:Syslem;10 b,O-O-2551, 
RECTA.'\GLE, "., 67, 45, 31,5 
TEA'TO~"LY, "Avaage UG Class Size", 67, 45, 23, 5, Lii!b, 
SHOW\'AR, "Act Avaage UG Class Size", 97, 46, 0, 3, R,System; lOb 0-O-255i, 
RECT A."'1GLE, "", 34, 51, 31, 5, 
TE)''TO:-''LY, "Instr Load per GF (hlweek)", 34, 51,23,5, Vllb;, 
SHO\\ "VAR, "Act Instr Load per GF", 64, 52, 0, 3, RjSyslem;lO:b;O-O-2551, 
RECTA."'1GLE, "", 67, 51, 31, 5 
TE.TIOl'<"LY, ftInstr Load per UGF (h/week)", 67, 51, 23,5, Lil:bl, 
SHO\\ \' AR, "Act Instr Load per UGF", 97, 52, 0, 3, RjSystemi 10Ibl0-O-2551, 
RECT.-\NGLE, "", 34, 57, 31, 5 
TEA'TONL Y, "Grad Instr Load per GF (h'week)", 34, 57, 23, 5, Li!lbl, 
SHO\\"V AR, "Act Grad Instr Load per GF', 64, 58, 0, 3, R:Syslem;IO;b,0-0-2551, 
RECT A."'1GLE, "", 67, 57, 31, 5 
TEA'TO:t>.'L Y, "UG Instr Load per GF (hlweek)", 67, 57,23, 5, Lillbl, 
SHO\\ \' AR, "Act UG Instr Load per GF", 97, 58, 0, 3, RjSystem;I0lb,0-0-2551, 
RECTA."'1GLE, "",34,63,31,5 
TE.,\'TO~"LY, "Overhead Load per GF (h'week)", 34, 63, 23, 5, Li!lbl, 
SHO\\"V AR, .. Act Overhead Load per GF", 64, 64, 0, 3, RjSystemll01b,O-O-2551, 
RECTANGLE, "ft, 67, 63, 31, 5 
TE.'\'TONL Y, "Overhead Load per UGF (h 'week)", 67, 63, 23, 5, Lillbi, 
SHO\\'V AR, "Act Overhead Load per UGF", 97, 64, 0, 3, RSystem;1 01>:0-0-2551, 
RECTA."'1GLE, ft", 34, 69, 31, 5 
TEXTONL Y, "Research Load per GF (h/week)", 34, 69, 23, 5, L111b!, 
SHO\\\' AR, "Act Research Load per GF", 64, 70, 0, 3, RjSyslemil01b;0-0-2551, 
RECTA."'1GLE, "", 67, 69, 31,5 
TEA'T01\'L Y, "Research Load per UGF (h,'I\'eek)", 67, 69, 23,5, L111b!, 
SHOW" AR, "Act Research Load per UGF", 97, 70, 0, 3, R:System: 10;1>,0-0-2551, 
RECTA.'\'GLE, "", 34, 75, 31, 5 
TE.'\'TONL Y, "lOP Load per GF (h/week)", 34, 75, 23, 5, L;::b:, 
SHOW,,\, AR, "Act IGP Load per GF", 64, 76, 0, 3, RjSyslem;lO:b:O-O-255j, 
RECTA."'1GLE, "", 67, 75, 31, 5 
TEA'TO!\'L Y, "IGP Load per UGF (hlweek)", 67, 75, 23, 5, Lilib;, 
SHOW\, AR, "Act IGP Load per UGF", 97, 76, 0, 3, RjSystem:l0;b;0-0-2551, 
RECTA.'\'GLE, ft", 34, 81, 31, 5 
TEXTO:-"'LY, "Hours Spent for UP per GF("")", 34, 81, 23, 5, Liilbl, 
SHOW\, AR, "Hours Dedicated to UPperGF", 64, 82, 0, 3, RjS}'sI.em110;D:0-0-2551, 
RECTA."'1GLE, "", 67, 81,31,5 
TE.TIONL Y, "Hours Spent for UP per UGF( '1\')",67,81,23, 5, L1l1b!, 
SHOWY AR, "Hours Dedicated to UP per UGF", 97, 82, 0, 3, RjSyslem; 10;bjO-O-255I, 
RECTA."'1GLE, "", 34, 87, 31, 5 
TEA'TO:-"'LY, "Period Research Pap Pub,ed", 34, 87, 23, 5, L1l1b1, 
SHOW" AR, "Period Res Pap Pub", 64; 88, 0, 3, RjSystem:1O:b:O-O-255~ 
RECTA.'\'GLE, "", 67, 87, 31, 5 
TEXTO!\'L Y, "Period Res Pap per Farult)·", 67, 87, 23, 5, L1libl, 
SHOW" AR, "Period Res Pap Pub per FaruJty", 97, 88, 0, 3, RjSysI.ent;I0;b;0-0-255I, 
RECTA."'1GLE, ft", 34, 93, 31, 5 
TEA'TO:-"'L Y, "Funds OItained from Spons Res", 34, 93, 23, 5, Li!!b!, 
SHO\\"V AR, "Funds Gnmts ~ by Spons Res", 64, 94, 0, 3, RjSyslem:IOIbI0-O-2551, 
RECT~'\'GLE, "", 67, 93, 31,5 
TEA'TOl'<"LY, "Na Income for University by IGP", 67, 93, 23, 5, L111b1, 
SHOW" AR, "Na Income for University by IGP", 97, 94, 0, 3, RjSystem, lo;b:O-O-255I, 
RECTANGLE, "", I, 72,31,IO,CIIIIO-O-255I, 
TEA'TONLY, "OET AILED INFO &",1, 72, 30 ,5,LlTimesNew Romanll4ii5-180-70J, 
TEA'TOl'<'LY, "C A USAL AN AL Y SIS", 1,77,30,5, LlTimesNeI\: Romani 14115-180-701, 
RECTA."'1GLE, "", 1,82, 31,17, ClIIi0-0-255:, 
TE.'\'TONLY, "Use this window for precise numerical info.", 2, 83, 30, 4, ClArial!9J1125-50-75I, 
TEA'TOl'.'LY, "and access to ALL variables of the model.", 2, 87, 30, 4, C:.~all9J1125-50-751, 
RECTANGLE, "", 3, 92, 27, 5, CIII:75-125-55I, 
TE.'\'TO:t>.'LY, "To Dc:tailed Analysis Saeen", 3, 92, 27, 5, ClSystem;101b;75-125-55I, 
RECTANGLE, "",1,21,31,49, CII1I75-125-551, 
RECTA."'1GLE, "", 2, 22, 29, 5, CII1I0-O-255I, 
TE.'\'TOl'.'LY," DEC I S ION So, 1,22, 23,5, LiTlIlles New RomanlI6;b;75-125-551, 
RECTA."'1GLE, "", 24, 22. 7, 5, CIII175-125-55. 
TE.'\'TOl'<'LY, "HELP", 25, 23, 0,5, LlI12ib!75-125-55I", 
RECTA."'1GLE, "", 2, 27, 29, 42, ClI!IO-O-255:. 
RECT A."JGLE, "", 3, 28, 21,5, LlIII75-125-55I, 
TEA'TO!'.'LY, "NeI\' Grad StUdents", 3, 29, 21,3, Llllbi75-125-55i, 
RECTANGLE, "", 25, 28, 5, 5, LlIII75-125-551, 
RECTA."'1GLE, .", 3, 35, 21, 5, LlI!175-125-55 .. 
TE.,\'TO~"LY, "Grad Fae. Hiring Decision", 3, 36, 21, 3, Li:ib;75-17.5-55i, 
RECTA."GLE, "~, 25, 35, 5, 5, v'1II7S-125-55. 
RECT A."JGLE, "", 3, 42, 21,5, LlIIl75-125-S5;. 
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lE\TONLY, "lnd_grad Fae_ Hiring Decision·, 3, 43, 21, 3, Ll::b:75-125-55[, 
RECTA.~GLE, "., 25, 42, 5, 5, Lilii75-125-55. 
RECT A.NGLE, "",3,49,21,5, u'!1175-125-55:, -
lE\TONLY, "IGP Share for Fae_ (Shour)", 3.50.21,3, L!iib:75-125-551, 

_ RECTA.NGLE, "", 25, 49,5,5, Liili75-125-55;, 
RECTA.NGLE, "", 3, 56, 21, 5, Lil::75-125-55. 
TE."\TONLY, "Release Time per GF (h v.-eek)", 3, 57, 21, 3, Liiib175-125-55I, 
RECTA.NGLE, "", 25, 56, 5, 5, Li!1l75-125-55,. 
RECTANGLE, "", 3, 63, 27, 5, LiIl175-125-551, 
lE:-"TONLY, "Advance with These Decisions", 3, 63, 27, 5, C1System;I0ib:75-125-551, 

:SCREEN ASKEXITI 

TEXT01'.'L Y, "Do You Really Want to Exit?", 0,30, 100, 0, qTimes New Roman122ib:O-O-255;, 
TE.XTOl'.'LY, "(You Will Leave the Simu1atioo Environment!)", 0, 40,100,0, C1Times NeI\- Rom8ll118;bi255-O-OI, 
BV1TON," Yes ",40,49,10,0, C",EXIT 
BlTITON," No ",60,49,10,0, C" ,GAMEp'\l 

:SCREEN E.XIT 

COMMA.""IT>, "", 75, 90, 0, 0, C, Xx, MENl'>E.XIT, 

:SCREEN MAINGAME 

RECTANGLE, ft", 1,2,31,4, C11110-O-255I, 
TE.\.TONLY," GAME C ONTR 0 LS", 0, 2, 31,3, C1TimesNew Romani161i125-50-751, 
RECTANGLE, ft", 1,6,31, 13, CIlll0-O-2551, 
RECTANGLE, "", 3, 7, 7, 5, C111175-125-55I, 
lEXrONLY, "Start", 3, 8, 7, 0, QSy5tem;101l>:75-125-55I, 
BUITON, "End ", 13,7,7,0, L, Ee, , ASKEND 
BLTfON, " Exit ", 23, 7, 7, 0, L, Xx, , ASKE.XIT2 
lE:-"T01'.'L Y," Final Time", 2, 14,8,0, LCb;O-O-OI, 
SHOWY AR, "FINAL TIME", I 2,13,3,5,lJ.System; lO:biO-O-OI, 
TEXTON'LY, "Current Time", 19, 14, 8,0, lJ.iib:O-O-2551, 
SHOWY AR,"TIME", 30,14,4,0, LiSystem;IOib;255-O-01, 
RECT A.NGLE, "",33, 2, 66, 6, C11110-0-255;, 
TE.XTONLY, ft M A I N IN D I CAT 0 R S ",33,2,0,4, lJ.Times New Roman:20il50-0-200j, 
RECTANGLE, "", 33,8,66,91, C11110-O-255j, 
BllTfON, "MORE INDICATORS »>>>", 77, 3, 21, 4, Lllibl, " MAINGAMEB 
RECTANGLE, "", 34, 9, 31, 5, 
BlTION, "Number of Grad Students", 34, 9, 23, 5, LI!lb), , SPECIAL>SETWBITEMjNumber of Grad Students 
&WORKBENCH>GRAPH 
SHOWV AR, "Number of Grad StudWts", 64, 10,0,3, RjSystemJI01blO-O-2551, 
RECTA.~GLE, "ft, 67, 9; 31,5, 
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BUITON, "Number oWG Students", 67, 9, 23,5, LI!!bl, , SPECIAL>SETWBITEM1Number ofUG Students &WORKBENCH>GRAPH 
SHOWY AR, "Number ofVG Students", 97, 10,0,3, RjSystemlIOlblO-O-2551, 
RECTA.NGLE, "", 34, 15,31,5 
BllTfON, "Number of Grad Facuhy", 34, 15,23,5, U,llbl" SPECIAL>SET\\'BITE!\t:Number of Grad Fae &WORKBENCH>GRAPH 
SHOWY AR, "Number of Grad Fae", 64, 16,0,3, RjSystemllOlbI0-0-2551, 
RECTANGLE, "", 67,15, 31, 5 
BLTfON, "Number oWG Facuhy", 67, 15,23,5, lJ.::b!" SPECIAL>SET\\'BITE~~Number ofVG Fae &WORKBENCH>GRAPH 
SHOWY AR, "Number ofVG Fae", 97, 16,0,3, RjSystemll0ib10-0-2551, 
RECTANGLE, "", 34, 21, 31, 5 
BlJTfON, "Number ofFacuhy", 34, 21, 23, 5, Llilbi, , SPECIAL>SETWBI'fEM1Number of Facuhy &WORKBENCH>GRAPH 
SHOWY AR, "Number ofFacuhy", 64, 22, 0, 3, RjSystemlIOibl0-O-2551, 
RECTANGLE, "", 67, 21, 31, 5 
BUITON, "Vacant Facuhy Positions", 67, 21, 23,5, Li!lbl" SPECIAL>SETWBITE~~Vacant Facuhy Positions 
&WORKBENCH>GRAPH 
SHOWY AR, "Vacant Facuhy Positions", 97, 22, 0, 3, RjSystemllOlbl0-O-25SI, 
RECTANGLE, "", 34, 27, 31,5 
BUITON, "Indicated GF Supply", 34, 27, 23,-5, Li!lb;. , SPECIAL>SET\\'BITE~~Indicated GF Supply &WORKBENCH>GRAPH 
SHO\\'V AR, "Indicated GF Supply", 64, 28, 0, 3, RjSystemlIOlb:0-0-2551, 
RECTANGLE, "", 67, 27, 31, 5 
BUITON, "Indicated UGF Supply", 67, 27, 23, 5, Llllb:, , SPECIAL>SET\\'BITE~~Indicated UGF Supply &WORKBENCH>GRAPH 
SHOWY AR, "Indicated UGF Supply", 97, 28, 0, 3, RjSystemll0ib:0-0-255I, -
RECTANGLE, "",34,33,31,5 
Bl'TfON, "NeI\- Grad Facuhy", 34, 33, 23,5, LlPbl" SPECIAL>SET\\'BITE~~NeI\- Grad Facuhy &WORKBENCH>GRAPH 
SHOWV AR, "New Grad Facuhy", 64, 34, 0, 3, RjSystemll0ibl0-O-255l, 
RECTANGLE, "", 67, 33, 31,5 
BUITON, "NeI\- UG Facuhy", 67, 33, 23,5, L!!!h;" SPECIAL>SETWBITEM1NeI\' VG Facuhy &WORKBENCH>GRAPH 
SHOWV.o\R, "New DG Facuhy", 97, 34, 0, 3, RjSystem;lO;hiO-O·255I, 
RECTA.NGLE,"", 34, 39,31,5 
BFITON. "GFthat Leave", 34,39,23,5, Lli.b:" SPECML>SET\\'BITEMiGFthat Leave &WORKBENCH>GRAPH 
SHOWY AR, "GFthat Leave", 64, 40, 0, 3, R·System;lO!b;O-O-255I, 



RECTA"JGLE. ~",67, 39, 31, 5 
BlTTO:-;, ''CGFthat Leave", 67, 39, 23, 5, L::ib:,. SPECIAL>SETWBITE:-.rt·GFthat Leave&WORKBE!\CH>GRAPH 
SHOWYAR, "l'GFthat Leave", 97, 40, O. 3, R1SystemlO,b,O-O-255!, 
RECTA"'GLE, "", 34. 45, 31, 5 
BUTTON, "Average Grad Class Sit;e", 34, 45, 23, 5, ~,;bi, , SPECl-\L>SETV. 'BITEMjAct Average Grad Class Size 
&WORKBE!\CH>GRAPH 
SHOWVAR, "Act Average Grad Class Size", 64, 46, 0, 3, R;System;10:bO-O-2551, 
RECTA"JGLE. "", 67, 45, 31,5 -
BVTTON, "Avef"8ge UG Class Size", 67, 45, 23, 5, L,;b:, , SPECIAI>SET\\ 'BITE1\~Act AVef"8ge UG Class Size 
&WORKBENCH>GRAPH 
SHOWY AR, "Act Average UG Class Size", 97, 46, 0, 3, RjSystem,1O;biO-O-255. 
RECTANGLE, "",34, 5 1,3 1,5 
BUTTON, "Instr Load per GF (hiweek)", 34, 51, 23, 5, Lllib;" SPEClAI>SETV.'BITE1\f,Act Instr Load per GF 

. &WORKBENCH>GRAPH 
SHOWVAR, "Act Instr Load per GF", 64, 52, 0, 3, RjSystemilO:b:O-O-2551, 
RECT .. \NGLE, "", 67,51,31,5 
BUTTON, "Instr Load per UGF (hlweek)", 67, 51, 23, 5, LI!!bl, , SPEClAI>SETWBITEMIAct Instr Load per UGF 
&WORKBENCH>GRAPH 
SHOWY AR, "Act Instr Load per UGF", 97, 52, 0, 3, R:SystemilO:1>:0-0-2551, 
RECT A.."JGLE, '''', 34, 57, 31, 5 
BUTTON, "Grad Instr Load per GF (h""'eek)", 34, 57, 23, 5, LlHb:" SPEClo\L>SETWBITEM;Act Grad Instr Load per GF 
&WORKBENCH>GRAPH 
SHOV.'V AR, "Act Grad Instr Load per GF", 64, 58, 0, 3, RjSystem;IOib:O-O-255" 
RECTANGLE, "", 67,57,31,5 
BUTTON, "UG Instr Load per GF (hlweek)", 67, 57, 23, 5, Llllb;" SPECML>SETWBITEMjAct UG Instr Load per GF 
&WORKBENCH>GRAPH 
SHOWY AR, "Act UG Instr Load per GF", 97, 58, 0, 3, RjSystemil0jb;0-0-255,. 
RECTA.."JGLE, "",34,63,31,5 
BUTTON, "Overhead Load per GF (hlweek)", 34, 63, 23, 5, Lllib;, ,SPECLo\L>SETWBITEMjAct Overbead Load per GF 
&WORKBENCH>GRAPH . 
SHOWY AR, "Act Overbead Load per GF", 64, 64, 0, 3, RjSystem:I0;blO-O-255~ 

. RECTA. "JGLE, "", 67, 63,31,5 . 
BUTTON, "Overbead Load per UGF (hlweek)", 67, 63, 23, 5, Lll!b:" SPEClAI>SETV.'BITE1\~Act Overbead Load per UGF 
&WORKBENCH>GRAPH . 
SHOWY AR, "Act Overbead Load per UGF", 97, 64, 0, 3, RjSystenil01bl0-0-255i, 
RECTA."JGLE, "", 34, 69, 31, 5 
BUTTON, "ReseardJ Load per GF (h!week)", 34, 69, 23, 5, Lllib;" SPEClAI>SETV.'BITEM1Act ReseardJ Load per GF 
&WORKBENCH>GRAPH 
SHOWY AR, "Act Researdt Load per GF", 64, 70, 0, 3, RjSystem'10,bl0-0-255". 
RECTANGLE, "",67, 69, 31, 5 
BuTTON, "ReseardJ Load per UGF (hlweek)", 67, 69, 23, 5, Lllib:" SPEClAI>SETV.'BITEMjAct Researdt Load per UGF 
&WORKBENCH>GRAPH 
SHOV.'V AR, "Act Researdt Load per UGF", 97, 70, 0, 3, RISystem;IOibiO-O-255:, 
RECTANGLE, "",34, 75,31,5 
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BUTTON, "IGP Load per GF (hlweek)", 34, 75, 23, 5, Lllibl" SPEClAI>SETV.'BITEMjAct IGP Load per GF &WORKBENCH>GRAPH 
SHOWV.o\R, "Act IGP Load per GF", 64, 76,0,3; RjSystemil0ib;0-0-255;, 
RECTA.'N"GLE, "",67, 75,31,5 
BUTTON, "IGP Load per UGF (hlweek)", 67, 75, 23, 5, Llllbl, , SPEClAI>SETV.'BlTE1\~Act IGP Load per UGF 
&WORKBENCH>GRAPH 
SHOWYAR, "Act IGP Load per UGF", 97, 76, 0, 3, RjSystemll0jb,O-O-255i, 
RECTA."'1GLE, "", 34, 81, 31, 5 
BU1TON, "Hours Spent for UP per GF(Iw)", 34, 81, 23, 5, LI!lbl, , SPECL<\L>SETWBITEM1Hours Dedicated to UP per GF 
&WORKBENCH>GRAPH 
SHOWY AR, "Hours Dedicated to UP per GF", 64,82, 0, 3, RjSystem;101l>:0-0-255i, 
RECTA."JGLE, "", 67, 81, 31, 5 
BUTTON, "Hours Spent for UP per UGF(/w)", 67, 81, 23, 5, Llllbi" SPECLo\L>SETWBITEMjHours Dedicated to l'P per UGF 
&WORKBENCH>GRAPH 
SHOWY AR, "Hours Dedicated to UP per UGF", 97, 82, 0, 3, RjS)'StanjlOib:0-0-255I, 
RECTA!IJGLE, "", 34, 87, 31, 5 
BUTTON, "Period Researdt Pap Pub.ed", 34, 87, 23, 5, Llllbl" SPEClAI>SETV.'BITEMjPeriod Res Pap Pub &WORKBENCH>GRAPH 
SHOWV' AR, "Period Res Pap Pub", 64, 88, 0, 3, RjSystemllOiblO-O-255l, 
RECTA.'N"GLE, "",67,87,31,5 
BUTTON, "Period Res Pap per Faculty", 67, 87, 23, 5, LI!lbi, , SPEClAI>SET\\'BITEMjPeriod Res Pap Pub per Faculty 
&WORKBENCH>GRAPH 
SHOWVAR, "Period Res Pap Pub per Faculty", 97, 88, 0,3, RjSystemll0ib,0-0-2551, 
RECTANGLE, "", 34, 93, 31,5 
BUTTON, "Funds OIUined from Spons Res", 34, 93, 23, 5, Llilbl., SPEClAI>SETV.'BITEM!Funds Grants Gotten by Spons Res 
&WORKBENCH>GRAPH . 
SHOWY AR, "Funds Grants Gotten by Spons Res", 64, 94, 0, 3, R;System:1O;b;0-0-2551, 
RECTA."'GLE, "", 67, 93, 31, 5 . 

.• BUTTON, "Net Income for University by IGP", 67, 93, 23, 5, Lllib;" SPEClAL>SETWBITEMjNet Income for Uni\'ersity by IGP 
&WORKBENCH>GRAPH 
SHOWY AR, "Net Income for University by IGP", 97, 94, 0, 3, RjS)'Stanjl0;bl0-0-2551, 
RECTA."'GLE, "",1,72, 31,10, CIliI0-O-255j, 
TE.\'TO!\'LY, "DE T AI LE D INFO &".1,72.30,5, LlTimes New Romard4H5-I80-701, 
TEXTO~'LY,"C AU S AL AN AL Y SIS", 1,77,30,5, IJ.Times ~ew Roman:J4i/5-180-70j, 
RECTA."JGLE, .~, 1,82, 31,17, CIlIi0-0-2551. 



l"E:\"TO~LY, "l1sethis window for precise numerical info.". 2, 83,30.4, CiAria19J25-50-75I, 
l"E:\"TO:-''L Y, "and access to ALL variables of the model. ". 2. 87. 30. 4, q.-\rial,9J 25-50-75,. 
BL TfO~, "To Dasiled Analysis Scr~", 3, 92, 27, 5, 1., x. .... , DETAlLEDA.'''AL)'~SIS 
RECTA~GLE, "", 1,21.31,49, Cf!ii255-O-01, 
RECT A ~GLE, "", 2, 22, 29, 5, QJ:O-O-255j, 
l"E:\"TOl'.'LY," DEC I S I 0 ~ S·, 1,22,23,5. LJTimes ~ew Roman 161b;255-O-O:, 
Bll'ITON, "HELP", 24, 22, 7, 5,LJ!12:b:. , , MA~GHELP 
RECTA'I\;GLE, "", 2, 27, 29, 42, c::aO-O-2551, 
BUTTON, "New Grad Students", 3, 28, 21, 5, Lil!bl" SPECL\L>SET\\'BlTEM:~ew Grad Students &WORKBENCH>GRAPH 
MODVAR, "New Grad Students", 25,28,5,5,1., [01] 
Bl'TfON, "Grad Fae. Hiring Decision", 3, 35, 21, 5, LJ::b:, ,SPECL-ti>SET\\'BlTE~f;GF Hiring Decision &WORKBENCH>GRAPH 
MODV AR, "GF Hiring Decision", 25, 35,5,5,1., . 
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BUTTON, ''IT.grad Fae. Hiring Decision", 3, 42, 21, 5, Lillb" SPECL-ti>SETWBI1'£MjUGF Hiring Decision &WORKBENCH>GRAPH 
MODV AR, "UGF Hiring Decision", 25, 42, 5, 5, 1., 
BUTTON, "IGP Share for Fae. (Sllour)", 3, 49, 21, 5, Lillb;., SPECL-ti>SET\\'BlTE~~IGP Income Level &WORKBENCH>GRAPH 
MODV AR, "IGP Income Level", 25, 49, 5, 5, 1., [01] 
BUTTON, "Release Time per GF (h/week)", 3, 56,21,5, L,'b:, , SPECL\L>SET\\'BlTE~1;Release Time for GF 
&WORKBENCH>GRAPH 
MODV AR, "Release Time for GF', 25, 56, 5, 5, 1., [014] 
BUTTON, "Advance with These Decisions", 3, 63, 27, 5, 1., Ss, GA\fE>GAMEO~,MAINGA\ffi 

:SCREEN MAlNGHELP 

RECTA"JGLE, "", 1,2,31,4, Cl:a75-125-551, 
TEx"TONLY," GAME C ONTR 0 L S", 0, 2, 31, 3, CTimes New RomanJI6!;75-125-551, 
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BUTTON, "IGP Share for Fac. (S,bour)", 3, 49, 21, 5, Llllh:, , SPECIAI>SET\\'BITE!\i;IGP Income Level &WORKBENCH>G~H 
MOOV AR, "IGP Income Level", 25, 49,5,5, L, [OJ] 
BuLTON, "Release Time per GF (h/weeJc)", 3, 56, 21, 5, Ll![bl, , SPECIAI>SET\\'BITE?I.~Release Time for GF 
&WORKBENCH>G~H 
MOOV AR, "Release Time for GF', 25, 56, 5, 5, L, [0!4] 
BUTTON, "Advance with These Decisions", 3, 63, 27, 5, L, Ss, GAME>GA.\iEON~\iAINGAMEB 

:SCREEN MAINGBHELP 

RECTA'llJGLE, "n, 1,2, 31, 4, ClII175-125-551, 
TEA'TONLY," GAME C ONT ROLS", 0, 2, 31, 3, CjTimes Ne\\' RomanI16i175-125-55j, 
RECTANGLE, "",1,6,31, I3,CIII175-125-55j, . 
RECT A'llJGLE, "", 3, 7, 7, 5, CljIl75-125-55j, 
TEA'TONLY, "Start", 3, 8, 7, 0, CiSystem;101bI75-125-55j, 
RECTANGLE, "",13,7,7,5, CII1I75-125-55j, 
TE.'\'TOl'.'LY," End", 14,8,5, 0, CiSystemll01b\75-125-55~ 
RECTANGLE, "", 23, 7, 7, 5, CiIl175-125-55j, . 
TEA'TONL Y, "Exit ", 24, 8, 5,0, CiSystem:1O:bI75-125-55j, 
TE}''TONLY," Final Time", 2,14,8,0, Lll!b:75-125-55J, 
SHOWY AR, "FINf\L miEn, 12, 13,3,5,L(Systemj 1 Olb!75-125-551, 
TE.'\'TONl. Y, "Current Time", 19, 14,8,0, Ll::b:75-125-55;, 
SHOWY AR, "miEn, 30, 14,4,0, LlSystem;10ibI75-125-5S:, 
RECTANGLE, "", 33, 2, 66, 6, CiI1l75-125-551, 
TE.'\'TONLY, " M 0 REIN 0 I CAT 0 R S ",54,2, 0,4, LlTimes NeI\' Roman:20;j75-125-551, 
RECTANGLE, "", 33,8,66,91, ClliI75-125-551, 
RECTANGLE, "", 34, 3, 21, 4, CllII75-125-55J, 
TE.'\'TONLY, "«<<< MAIN INDICATORS", 34, 3, 21, 4, Llllhi75-125-551", 4 
RECT A'llJGLE, "", 34, 9, 31. 5, l.lllb:75-125-551, 
TE.'\'TO!-U,Y, "Jnstr Overhead per Gr. Stu (h'W)", 34, 9, 23, 5, Ll!!bj75-125-5S;, 
SHOWY AR, "Act GI Overhead per Grad Stu", 64, 10,0, 3, ~System)10lhi75-125-55:, 
RECTA.:"JGLE, "",.67,9,31,5, Lllib:75-125-551, 



TE»,.lO!\1.Y, "Instr (h·eriJeadper VG Stu (h 'w)", 67, 9, 23, 5, L:b:75-125-55i, 
SHO\\'YAR, "Act VGI (h·eriJead per DG Stu", 97,10,0,3, R;System;IO.b.75-125-55:, 
RECT A.""GLE, "", 34, 16,64,5, Q:'255-O-O" 
TE»,.lONLY, " HE L P ",35,16,0,4, LTimes New Roman'20:50-O-2001, 
BuTION, "CLOSE HELP", 80,16,15,5, Liifb:", !\V\.INGA.\fEB 
RECTA."<GLE, "", 34, 21, 64, 53, C::[!255-O-O:, 

134 

TE.,\lOJ-.,1.Y," • 'New Graduate Students' is thenumbel-ofstudentsthat would be admitted in the", 37, 22, 0, 0, LArial9 125-50-751, 
TE»,.lON1.Y, "ament semester. Its minimum value is 0.", 36, 25, 0, 0, L~Arial;9iiI25-50-75i, . 
TE.XTOJ-.,1. Y," • 'Graduate Faculty Hiring Decision' is the numbel- of graduate faculty members that the",' 36, 29, 0, 0, L Arial9ii 125-50-
~~ . 

TEXTOl\1L Y, "play~ wants to hire during the rurrent semester. The Dumbel- of graduate faculty members", 36, 32, 0. 0. L:Arial9d 125-50-
751, 
TEXTONL Y, "that can be hired is limited by'GF Supply'. Also, the total riumbel- offaculiy members", 36,35,0,0, LArial.9.125-50-751, 
TEXTONL Y, "(graduate and under-graduate) that can be hired is limited by 'Vacant Faculty Positioos'.", 36, 38, 0, 0, LAria1:9, 125-50-751, 
TEXTOl\1LY," • '{,,'Dder-graduate Faculty Hiring Decision' is theDumbel- of under-graduate faculty", 36, 42, 0, 0, LAriaI9 .. 125-50-751, 
TEXTONL Y, "members that the player wants to hire during the current semester. The Dumbel- ofunder-", 36, 45, 0, 0, I.;,Arial:9:;l25-50-
751, 
TEhlO1'.'L Y, "graduate faculty members that can be hired is limited by 'VGF Supply'. Also, the total", 36, 48, 0, 0, LArial:9125-50-751, 
TEXTOl\'LY, ''number offaculty members (graduate and undel'-graduate)that can be hired is limited by", 36, 51, 0, 0, 1.;Arial:9: 125-50-m . 
TEhlOl\'LY, '"Vacant Faculty Positions'.", 36,54,0, 0, LiArial:9;i125-~0-751, 
TE»,.lOl\'LY," • 'IGP Share for Faculty' is the amount of money paid to a faculty membel-forone", 36, 58, 0, 0, LiArial:9, 125-50-751, 
TEXTO)l.'LY, "hour of Income Genel'ating Project activities. Its minimum value is 0.",36,61,0,0, I;Arial;9iiI25-50-75., 
TEXTONLY," • !Release Time for Graduate Facult}' is the weekly hOurs reduced from the maximum", 36, 65, 0, 0, LArial:9" 125-50-
751, 
TEXTONLY, "instruction load of each graduate faculty member, in orderto givethem moretimefor", 36, 68, 0, 0, L.-\ria~9,;l25-50-751, 
TEXTONL Y, "research. Its minimum value is ° and maximum value is 4.", 36, 71, 0, 0, LiAriaI1911125-50-751, 
RECTA.'-lGLE, "", 34, 75, 31, 5, Lllib:75-125-551, 
TEXTONLY, "Grad Fae Teaching Commitment", 34, 75, 23, 5, LiIib!75-125-551, 
SHOWV AR, "GF Teaching Commitment", 64, 76, 0, 3, RjSystem;10Ib;75-125-551, 
RECTANGLE, "",67,75,31,5, LillbJ75-125-551, 
TEhlONL Y, "VG Fae Teaching Commitment", 67, 75, 23, 5, l..!!ib:75-125-551, 
SHOWVAR, "VGFTeaching Commitment ", 97,76,0,3, RjSystem;IOib175-125-551, 
RECTANGLE, "", 34, 81, 31, 5, Llilb:75~125-55i, 
TEhlON1.Y, "Grad Fae Res Pap Productivity", 34, 81, 23, 5, Lliib75-125-551, 
SHOWV AR, "GF Res Pap Productivity", 64, 82, 0, 3, RjSystem;10:bi75-125-551, 
RECTANGLE, "", 67, 81,31,5, lJ.lib:75-125-551, 
TE»,.lOl\'LY, "VG Fae Res Pap Productivity", 67,81,23,5, lJ.lib;75-125-551, 
SHOWVAR, "VGF Res Pap Productivity", 97, 82,0,3, RjSystem;IOib:75-125-551, 
RECTANGLE, "",34,87,31,5, lJ.l\b:75-125-551, 
TE.XTONL Y, "GF Sp.R. Fund Prod(S.fac*sem.)", 34, 87, 23, 5, LI!!b:75-125-551, 
SHOWV AR, "GF Spons Res Funds Grants Productivity", 64, 88, 0, 3, RjSystem)10:bi75-125-551, 
RECTA.~GLE, "", 67, 87, 31, 5, lJ.1!b;75-125-55!, 
TEXTON"LY, "UGF Sp.R. Fund Prod(Slfac*sem.)", 67, 87,23,5, LlI1bl75-I25-55I, 
SHOWVAR, "VGF Spons Res Funds Grants Producthity", 97, 88,0,3, RjSystemll01bl75-125-551, 
RECTANGLE, "", 34, 93, 31, 5, LlllbI75~125-551, 

, TEhlON1.Y, "Grad Fae IGP Prod (Slfac*serntr.)", 34, 93, 23, 5, LllibI75-125-551, 
SHOWY AR, "VGF IGP Productivity", 64, 94, 0, 3, RjSystem;IOili.75-125-551, 
RECTANGLE, "", 67, 93, 31, 5, lJ.libi75-125-551, 
'lIDi.lONLY, "VG Fae IGP Prod (S,'fac*serntr.)", 67, 93, 23, 5, LiFb;75-125-551, 
SHOWV AR, "VGF IGP Productivity", 97, 94, 0, 3, RjSystem;IOlb:75-125-551, 
RECTANGLE, "",1,72, 31,10, Cllli75-125-55J, 
TEhlON1.Y, "D ETA I LED IN F 0 &", 1,72,30,5, LlTimes New Roman!141175-125-551, 
TE»,.lONLY, "C AU SAL ANAL Y SIS", 1,77, 30, 5, LjTDDes New Romani 14::75-125-551, 
RECTA."'JGLE, "",1,82, 31,17, CIII175-125-551, 
TE.,\lONLY, "Vsethis window for precise Dumerical info.", 2, 83, 30, 4, C/AriaI19ll75-125-551, 
TE.'\lONL Y, "and access to ALL variables of the model.", 2, 87, 30, 4, ClAriaIJ9Ii75-125-551, 
RECTA.~GLE, "",3,92, 27, 5, CIII175-125-55;, 
TEhlONLY, "To Detailed Analysis Screen", 3, 92, 27,5, C/S}'Stem;10ib\75-125-551, 
RECTA.~GLE, "",1,21,31,49, ClIII75-125-551, 
RECTANGLE, "", 2, 22, 29,5, ClIII75-125-551, 
TEhlONLY," DE CIS I ON So, 1,22, 23, 5, LlTimesNew RomanlI6lb175-125-55\, 
RECT A.~GLE, "", 24, 22, 7, 5, ClII175-125-551, 
TEXTOl\1LY, "HELP", 25, 23, 0, 5, LilI2ibi75-125-55J", 
RECTANGLE, "", 2, 27, 29, 42, CllII75-125-551, 
RECTANGLE, "",3,28,21,5, LiIll75-125-55i, , 
TEXTONLY, "New Grad Students", 3, 29, 21, 3, lJ.libI75-125-55J, 
RECTA.'-lGLE, "", 25, 28, 5, 5, LlII175-125-55i, 
RECTANGLE, "", 3, 35, 21,5, LlIII75-125-55i, . 
TEhlONLY "Grad Fae. Hiring Decision", 3, 36, 21, 3, Llllb\75-12S-551, 
RECTANGLE, "", 25, 35,5,5; lJ.1Il75-125-551, 
RECTANGLE, "", 3, 42, 21, 5, Lllli75-125-55;, 
TEhlO)l.1. Y, "Undgrad Fae. Hiring Decision", 3, 43, 21, 3, LlilbI15-125-55j, 
RECTA.'-lGLE, "", 25, 42, 5, 5, lJ.1I175-125-55i, 
RECTANGLE, "", 3, 49, 21, 5, LlIII75-125-551. 
TE»,.lOl\1LY, "IGP Share for Fae. (Shour)", 3, 50, 21, 3, Lliib:75-125-551, 
RECTA.'-lGLE, "", 25, 49,5,5, LlII175-125-55i, 



RECTA'<GLE, .... , 3, 56, 21, 5, Lliii75-125-55J, 
TE.'\.'TO~"LY, "Release Time per GF (h!week)", 3, 57, 21, 3, Lllib 75-125-55. 
RECTA'\GLE. "", 25. 56, 5. 5, LfIil75-125-55i. 
RECTA'\GLE. "", 3. 63,27.5, L:;1I75-125-55i, 
TE.'\.'TONLY, "Advance with These Decisions". 3, 63, 27, 5, qSy&em lOb 75-125-551, 

:SCREEN ASKEXIT2 

TE:\'TOl\"LY, "Do You Really Want to Exit? .. , 0, 30,100,0, qTimes ~ew Roman 22ibi0-O-255;, 
TEX'TOl\'LY, "(You Will Leave the Simulation Em.u-onment!)", 0, 40,100.0, ClTimes New Roman!18ib;255-O-OI, 
BLTION," Yes ",40,49,10,0, C",EXIT 
BUITON, .. No ",60,49, 10,0, C" ,MAINGMfE 

:SCREEN ASKEl\1> 

TE.'\.'TONL Y, "Do You Really Want to End the Game?", 0, 30, 100,0, C;Tirnes New Rornan;22;b:O-O-2551, 
TE.'\.'TONLY, "(You Will Loose the Current Game Data!)", 0, 40,100,0, CTimes New Ronuin:18!b:255-O-Oi, 
BLTION," Yes ",40,49,10,0, C" ,NA\fERUN 
BLTION, " No ",60,49, 10,0, C" ,MAINGMfE 

:SCREEN ASKEXIT2B 

TEX'TONL Y, "Do You Really Want to Exit?", 0, 30, 100, 0, qTimes New Roman 22ibiO-O-255:, 
TEXTONLY, "(You wm Leave the Simulation En.ironment!)", 0, 40,100.0, qTimes New Roman1181b1255-O-01, 
Bl;TION," Yes ",40,49,10,0, C",EXIT 
BuTION, " No ",60,49, 10,0, C" ,MAINGMfEB 

:SCREEN ASKEl\1>B 

TEX'TONL Y, "Do You Really Want to End the Game?", 0, 30, 100,0, qTirnes New Rornan;22ib;0-0-2551, 
TEX'TONLY, "(You Will Loose the Current Game Data!)", 0, 40,100,0, CTimes New Rornan:18!bI255-O-01, 
BUTTON," Yes ",40,49,10,0, C, "NMfERUN 
BFITON, " No ",60,49, 10,0, C" ,MAINGA .. \fEB 

:SCREEN DET AILEDA_'<AL YSIS 

TEX'TONLY, "Daailed Analysis SaeeD", 0, 7,100,0, qTirnes New Roman22ib;5-180-70i, 
TE.'\.'TONL Y, "You can move the output objects by holding the white strip at the top of them. ", 0, 15, 100, 0, qTimes New 
Rornan[12jblI25-50-75i, 
TE.\.'TONLY, "You can close the output objects by clicking the box at the !\orthWest corner.", 0, 18, 100,0, qTirnes New 
Rornan!12ibI125-50-75j, . 
TE.'\.'TONLY, "First Select the Variable You Want to Analyze as 'Active Variable'.", 0, 24,100,0, qTimes New RornaniI4ib:255-O-Of, 
BFITON, "Select Active Variable", 7, 66, 40, 0, 1" SPECIAL>VARSELECTlNew Active Variable?, 
BlTION, "Graph for Aliive Variable", 53, 66, 40, 0, 1" WORKBE~CH>STRIP GRAPH 
BFITON, "Causes of Aliive Variable", 7, 72, 40, 0, 1, , WORKBE~CH>CAUSES TREE 
BFITON, "Graph for Aliive Variable and Its Causes", 53, 72, 40, O. 1, , WORKBENCH>CAL'SES STRIP 
BUlTON, "Uses of Aliive Variable", 7, 78, 40, 0, 1" WORKBENCH>t.TSES TREE 
Bl TION, "Table for Aliive Variable and Its Causes", 53, 78, 40, 0, 1" WORKBE~CH>CAUSES TAB 
TEX'TONLY, "I!! YOl"MAY HAVE TO WAIT A LOT FOR THE LOOPS:!!", 27, 85,0,0, qAriaII12jb:255-O-OI, 
BFITON, "Loops Related with Aliive Variable", 7, 90, 40, 0, 1" WORKBENCH>LOOPS 
BLTION, "Bade to Game Saeen", 53, 90, 40, 0, 1" ,MAINGMfE 

:SCREEN BDANAL YSIS 

TEX'TONLY, "Daailed Analysis Saeen", 0, 7,100, O,qTirnes New Roman'22lbl5-180-701, 
TEX'TONLY, "You can move the output objects by holding the white strip at tbetop of them. ",0,15,100,0, qTirnes New 
Rornanil21bi 125-50-751, 
TEX'TOl\'L Y, "You can close the output objects by clicking the box at the North West corner.", 0, 18, 100, 0, qTirnes New 
Rornan!12fbI125-50-75i, 
TEXrONL Y, "First Select the Variable You Want to Analyze as 'Active Variable'.", 0, 24,100,0, qTirnes New Rornan!14IbI255-O-Oi, 
BUTTON, "Select Active Variable", 7, 66, 40, 0, 1" SPECL.u>VARSEU:CllNew Active Variable?, 
Bl TION, "Graph for Active Variable", 53, 66, 40, 0, 1, , WORKBENCH>STRIP GRAPH 
BLTION, "Causes of Active Variable", 7, 72, 40, 0, 1, , WORKBE."<CH>CAUSES TREE 
Bl'lTON, "Graph for Aliive Variable and Its Causes", 53, 72, 40, O. 1, , WORKBENCH>CAUSES STRIP 
BUTTON, "Uses of Aliive Variable", 7, 78, 40, 0, 1, , WORKBENCH >USES TREE 
Bl TION, ''Table for Active Variable and Its Causes", 53, 78, 40, 0, 1, , WORKBENCH>CAUSES TAB 
TE.'\.'TONLY, "I!! YOl'MAY HAVE TO WAIT A LOT FOR THE LOOPS::!", 27, 85,0,0, CiArial! I 2ib:255-O-O:, 
Bl TION, "Loops Related with AIii,"e Variable", 7, 90, 40, 0, 1" WO~CH>LOOPS 
BL TION, "Bade to Game Saeen", 53, 90, 40, 0, 1, , ,MAINGAMEB 
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APPENDIXF 
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THE UNIVERSITY GAME 

What is The'University Game 

The University Game is an interactive dynamic simulation model. The model, 

which the game is based on, is a system dynamics model of the academic aspects of a 

university management system. In particular the model focuses on those university problems 

that are dynamic and persistent in nature and as such must be addressed by high level, 

strategic policy making mechanisms within the university. These strategic policy making 

mechanisms are typically the rector, the deans and the major policy making councils at the 

university and divisional levels. The player plays the part of a university policy-maker, who 

is trying to seek a delicate balance among the main academic functions of the university, in 

order to get better output from these activities, both in terms of quality and quantity. 

Examples of output measures include number of research papers published, income 

generated for the university from projects and sponsored research, average class size, 

student/faculty ratios, etc. 

The player does not have too many decision opportunities, because most of the 

decisions are imposed by the environment the university exists in. For example, the number 

of new students to be admitted to under-graduate study, Salaries paid to faculty members, 

vacant positions and many other conditions are imposed on the player. The objective of the 

player is to make five decisions, so as to improve the indicators about the quality and 

quantity of the performance of the university, within the limitations imposed by outside 

factors. 

Logical Flow of the Game 

The game is designed as a series of screens which are connected to each other. ~e 

opening screen displays the title of the game and the credi.ts. After a key on the mouse or 

the keyboard is pressed this screen is cleared and a name for the file which will keep the 

data of the new game is asked. Though the player can give any name to this file (provided 

that it has the extension .vdf and it is at most eight characters long), it will be better to give 
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file names which indicate the player and the order of the games; for example, 

JSmithOl.vdf, JSmith02.vdf, JSmith03.vdf, so on. This will simplify the process of 

evaluating the results. 

After a name is given to the data file, the game initiation screen appears. Here, the 

player decides the length of the simulation. The simulation is done in terms of semesters, 

i.e., onetime unit is equal to one semester. The simulation can last 10 to 50 semesters and 

the player selects the value for the final time from the drop-down box. The player can also 

enter the prompt box a value which is not displayed in the drop-down box, provided that 

the value is between 10 and 50 inclusively. 

After the final time is decided, the game is initiated by pressing the Start button in 

the Game Controls box, that is displayed at the top left comer of the screen. The player 

can leave the simulation environment by pressing the Exit button. 

After the Start button is pressed the main game screen appears. On the top left 

comer of the screen are the game controls. Here, the final time and the current time are 

displayed. There are two buttons. One of them is the Exit button and the other is the End 

button which can be used to end the current game at any time of the simulation, without 

leaving the simulation environment. 

. Under the game controls, the Decision box is displayed. The player enters his 

decisions in the boxes to the right of the buttons with the names of the decision variables on 

them. After the decisions are made, the Advance ••• button should be pressed. When this 

button is pressed the simulation advances one interval (semester) and the new values of the 

variables are calculated. 

On the right side of the screen, are the main indicators of the model. The numbers 

in blue are the values of the variables written in the buttons, at the current time interval. 

Pressing the buttons, the dynamic behavior patterns of the variables can be displayed. The 

More Indicators button will tum the page to display some more indicators. It is possible to 

display the main indicators. again, by pressing the Main Indicators button. There is a total 

of 60 indicators on two pages. 
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On the bottom left comer is the More Info and Causal Analysis box. The button 

in this box makes possible the detailed analysis of ALL the variables included in the model. 

On the Detailed Analysis Screen are eight buttons. The top left button must be clicked 

first, to select a variable to analyze. The other three buttons on the left and the buttons on 

the right are used to display analysis objects like behavior patterns, tables fish-bone graphs 

and feedback loop diagrams. The button on the bottom tjght takes the player back to the 

main game screen. 

Hints and Warnings 

The values displayed in the decision boxes at the beginning of the game are some 

initial neutral values, not the optimal values. The player should make decisions even at the 

first step of the simulation and revise his decisions at each step, by making use of the· 

provided analysis tools. 

In ~aking the faculty hiring decisions, the player should keep in mind that there are 

leaving faculty memberS at each time interval. 

A good balance should be struck in the IGP (Income Generating Projects) Share 

for Faculty decision, because setting this value too low would cause the faculty members 

not to take part in projects that are realized through university channels and to tend to do 

unofficial projects (UP). On the other hand, setting'this value too high would cause the net 

funds gotten by IGP activities to decrease considerably. 

, A faculty member who doesboth graduate and under-graduate teaching and who 

has significant research skills and interest is defined as a graduate faculty member. An 

under-graduate faculty member is one who does only under-graduate teaching 'and is 

involved in minor research. Release time for Graduate Faculty Members is the amount 

of decrease that is to be made on the maximum instruction loads of the graduate faculty 

members (assumed to be six hours/week), in order to provide them extra time for activities 

like research and projects. Giving a positive value to this decision variable may increase the 

research and project outputs by graduate faculty members, but can, on the, other hand, 

increase the instruction loads on the under-graduate faculty members. 
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Note that the assumed environment imposes that the number of under-graduate 

students are. increasing gradually. The desired aven~ge class size for under-graduate 

instruction is 35 and the desired average class size for graduate instruction is 6. In the 

internal computations, it is also assumed that the maximum class sizes for under~graduate 

and graduate instruction are 100 and 25, respectively. The maximum possible graduate 

faculty supply is equal to 65 and the maximum possible under-graduate faculty supply is 

equal to 75; salary and instruction loads cause the iridicated faculty supplies to be less than 

these values. 

The game starts with· approximate initial values of first semester of 1983. 

The lower and upper limits for decisions are as follows: 

New Graduate Students 

Graduate Faculty Hiring Decision 

Under-graduate Faculty Hiring Decision 

IGP Share for Faculty 

Release Time for Graduate Faculty 

min: 0 

min: (-) No. of Graduate Faculty 

min: (-) No. ofUnder~grad Faculty 

min: 0 

min: 0 max: 4 

Finally, please keep in mind that there is no winning or losing in such systemic 

games. The purpose is not to be on some 'highest scores' list, but to learn during the game. 

And for this purpose, the player should try to base his deCisions on the information feedback 

displayed through the game. The expectation is that the player's understanding of the 

problem issues will gradually increase over some period of time, after playing the game 

numerous times. 



· REFERENCES 

[1] Giiriiz, K., et aI., Tiirkiye'de ve Diinyada Yiiksek Dgretim, Bilim ve Teknoloji, 
TDsiAD Yaymlan, istanbul, 1994. 

[2] Ulusoy, G., "Gelecegin Universitesi", G6rii~, March 1993. 

[3] Usktil, Z., et al., Yilksek6gretimde SOTUnlar ve (:6zilmler, Cern Yaymlan, istanbul, 
1990. 

[4] Fi~ek, H., "Sablon Universite ile 21. Yiizytl", G6ril~, March 1993. 

[S] Kongar, E., Universite Uzerine, Hil Yaymlan, istanbul, 1984. 

[6] Kafall, K., Universite/erimiz Nereden Nereye Getirildi, istanbul, 1989. 

[7] Coate, E., "The Introduction of Total Quality Management at Oregon State 
University", Higher Education, Vol. 2S, No. 3, pp~ 303-320, 1993. 

[8] Cowles, D. and Gilbreath, G., "Total Quality Management at Virginia 
Commonwealth University", Higher Education, Vol. 2S, No.3, pp. 281-302, 1993. 

[9] Clayton, M., "Toward Total Quality Management in Higher Education at Aston 
University", Higher Education, Vol. 2S, No.3, pp. 363-371, 1993 

[10] Geddes, T., "The Total Quality Initiative at South Bank University", Higher 
Education, Vol. 2S, No.3, pp. 341-361, 1993 

[11] Zhang, x., et al., "System Dynamics Simulation for the Management ofa College", 
Proceedings of the 1990 Intemationa/ System Dynamics Conference, Chestnut 
Hill-Massachusetts, 10 July-13 July 1990, Vol. 3, pp. 1404-1416, 1990. 

[12] Mahmoud, M., Genta, P., "Microworld of an Open University: A Strategic 
Management Learning Laboratory", Proceedings of the 1993 Intenzationa/ System 
Dynamics Conference, Cancun-Mexico, pp. 318-327, 1993. 

[13] Saeed, K., "The Dynamics of Collegial Systems in the Developing Countries", 
Proceedings of the 1993 Intemati01za/ System Dynamics Conference, Cancun­
Mexico, pp. 444-4S3, 1993. 

[14] Frances, C., et al., "Using System Dynamics Technology to Improve Planning and 
Budgeting for Higher Education: Results in Arizona and Houston, Texas", 
Proceedings of the 1994 Intemationa/ System Dynamics Conference, Stirling­
Scotland, 11 July-IS July 1994, Vol. 6, pp. 66-7S, 1994. 



[15] Vemtiri, S. R., "A Simulation Based Methodology for Modeling a University 
Research Support Service System", Socio Economic Planning Sciences, Vol. 16, 
No.3, pp. 107-120, 1982. 

142 

[16] Sinuany-Stern, Z., "A Financial Planning Model for a Multi-campus College", Socia 
Economic Planning Sciences, Vol. 18, No.2, pp. 135-142, 1984. 

[17] BarIas, Y. and Bayraktutar, t, "Interactive Dynamic Simulation Games: An 
Application in Software Project Management", Proceedings of the Advances in 
Simulation '92 Symposium, istanbul, 1992. 

[18] Diehl, E. W., "Participatory Simulation Software for Managers: The Design 
Philosophy Behind Micro World Creator", European Journal of Operational 
Research, Vol. 59, No.1, pp. 210-215, 1992. 

[19] -, Sayz/arla Boga=i~i, Bogazi~i Universitesi Yaymlan, 1994. 

[20] Barlas Y., "Multiple Tests for Validation of System Dynamics Type of Simulation 
Models", European Journal of Operational Research, Vol. 42, No.1, pp. 59-87, 
1989. . . 


	Tez5977001
	Tez5977002
	Tez5977003
	Tez5977004
	Tez5977005
	Tez5977006
	Tez5977007
	Tez5977008
	Tez5977009
	Tez5977010
	Tez5977011
	Tez5977012
	Tez5977013
	Tez5977014
	Tez5977015
	Tez5978001
	Tez5978002
	Tez5978003
	Tez5978004
	Tez5978005
	Tez5978006
	Tez5978007
	Tez5978008
	Tez5978009
	Tez5978010
	Tez5978011
	Tez5978012
	Tez5978013
	Tez5978014
	Tez5978015
	Tez5978016
	Tez5978017
	Tez5978018
	Tez5978019
	Tez5978020
	Tez5978021
	Tez5978022
	Tez5978023
	Tez5978024
	Tez5978025
	Tez5978026
	Tez5978027
	Tez5978028
	Tez5978029
	Tez5978030
	Tez5978031
	Tez5978032
	Tez5978033
	Tez5978034
	Tez5978035
	Tez5978036
	Tez5978037
	Tez5978038
	Tez5978039
	Tez5978040
	Tez5978041
	Tez5978042
	Tez5978043
	Tez5978044
	Tez5978045
	Tez5978046
	Tez5978047
	Tez5978048
	Tez5978049
	Tez5978050
	Tez5978051
	Tez5978052
	Tez5978053
	Tez5978054
	Tez5978055
	Tez5978056
	Tez5978057
	Tez5978058
	Tez5978059
	Tez5978060
	Tez5978061
	Tez5978062
	Tez5978063
	Tez5978064
	Tez5978065
	Tez5978066
	Tez5978067
	Tez5978068
	Tez5978069
	Tez5978070
	Tez5978071
	Tez5978072
	Tez5978073
	Tez5978074
	Tez5978075
	Tez5978076
	Tez5978077
	Tez5978078
	Tez5978079
	Tez5978080
	Tez5978081
	Tez5978082
	Tez5978083
	Tez5978084
	Tez5978085
	Tez5978086
	Tez5978087
	Tez5978088
	Tez5978089
	Tez5978090
	Tez5978091
	Tez5978092
	Tez5978093
	Tez5978094
	Tez5978095
	Tez5978096
	Tez5978097
	Tez5978098
	Tez5978099
	Tez5978100
	Tez5978101
	Tez5978102
	Tez5978103
	Tez5978104
	Tez5978105
	Tez5978106
	Tez5978107
	Tez5978108
	Tez5978109
	Tez5978110
	Tez5978111
	Tez5978112
	Tez5978113
	Tez5978114
	Tez5978115
	Tez5978116
	Tez5978117
	Tez5978118
	Tez5978119
	Tez5978120
	Tez5978121
	Tez5978122
	Tez5978123
	Tez5978124
	Tez5978125
	Tez5978126
	Tez5978127
	Tez5978128
	Tez5978129
	Tez5978130
	Tez5978131
	Tez5978132
	Tez5978133
	Tez5978134
	Tez5978135
	Tez5978136
	Tez5978137
	Tez5978138
	Tez5978139
	Tez5978140
	Tez5978141
	Tez5978142



