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ABSTRACT

This paper provides the optimal investment strategy for the Goodgrant Foundation. To determine the
schools to be invested, firstly we find the factors about improving students’ educational performance,
including urgency of student’s needs, school’s demonstrate potential for effective use of private funding,
the reputation of school, and return on investment etc; secondly, we utilize AHP (Analytic Hierarchy
Process) to determine the weight of every factor and rank the schools in the list of candidate schools
according to the composite index of every school calculated from the weight. To confirm the investment per
school and obtains the investment duration time, we use DEA (Data Envelope Analyse) to get changes of
scale efficiency; and then according to the change trend, we determine time duration of investment and
effective utilization of private funding, which is the factor together with student population affecting the
investment amount for per school. It is helpful to make a better decision on investing universities, We are
convinced that our research is promising to benefit all sides of students, schools and Goodgrant.

KEYWORDS

AHP, DEA, Educational Performance, Investment Strategy

1. INTRODUCTION

Universities and colleges are places where young students gain valuable knowledge, resources
and opportunities before they step into the society. That is why many foundations are willing to
invest on undergraduates to help improve their educational performance. With so many
universities and colleges in American, it is necessary for us to carry out a method about how to
determine an optimal investment strategy to identify the schools, the investment amount per
school efficiently and objectively. How to distribute the fund is exactly the key. It is a multi-
aspect evaluate task including the urgency of students’ needs, school’s demonstrate potential for
effective use of private funding, the reputation of school, return on investment etc. Mean while,
the time duration that the organization’s money have the highest likelihood of producing a strong
positive effect on student performance should adso be a primary consideration.
Otherlargeandknowngrantorgani zati onssuchasGatesFoundationandL uminaFoundation  show the
current way to investigate the quailfication which mainly concentrates on the low income of
students’ families and potential of universities. These models will take the ability of using the
funding and rate of return into account, and obtain approximate investment duration time and
return of investments oth at the Good grant Foundation can provide the assistance best to not only
students but also schools and foundation itself.

The analytic hierarchy process (AHP)[2-4] is a structured technique for organizing and anayzing
complex situation. It is based on mathematics and psychology. Rather than prescribe a “correct”
decison, the AHP helps decison makers find one that best suits their goal and their
understanding of the problem[5-6]. It provides a comprehensive and rational framework for
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structuring a decision problem, for representing and quantifying its elements, for relating those
dementsto overal goals, and for evaluating aternative solutions.

This paper provides the optima investment strategy for the Goodgrant Foundation by AHP
method[2]. It helpsimprov educational performance of undergraduates in United States and make
them graduate successfully, live a good life in the future. The rest of this paper is organized as
follows: in Section 2, wepresentourmodel approach in detail, including the analytical hierarchy
process model anddata envel ope anaysemodel .Conclusions are provided in the last Section.

2. MoDEL DESIGN
2.1 THE ANALYTICAL HIERARCHY PROCESS M ODEL

By using cluster analysis, We group al the colleges corecard data into urgency of students’needs,
school’s demonstrate potential for effective use of private funding, the reputation of school,
return on investment 4 groups. Meanwhile urgency of students’ needs contains share of part-time
undergraduates, median debt of completers and average net price; School’s demonstrate potentia
for effective use of private funding contains percentage of undergraduates who have received a
PellGrant, percent of all federal under graduate students receiving a federa student loan and 3-
year repayment rate; The reputation of school includes predominant degree awarded, discipline
distribution and structure and whether it is operating with other institutions; Return on investment
includes Median earnings of students 10 years after entry, share of students earning over
25,000dollar/year 6 years after entry. The dates of 2936 universitiesarein Table 1.

Table 1: Dates of 2936 Universities

university pl p2 pPa pl £S5 pb p7 pa pY pld ol
Alabama A M University 0.052 Bellh 148378 071 082 045 3 0244 1 3400 0.462
University of Alabama at Birmingham 0258 217 15436.6 031 054 07 3 0251 40000 0.660
Amridge University 0.3717 194927 14061 0634 0763 0.547 3 0204 1 38100 0.547
University of Alabama in Huntsville 0.240 M3 181142 0328 0473 0.782 3 0268 1 46600 0661
Alabama State University 003t 33452 10108.4 0827 (874 0.331 3 124646 1 27800 0342225611
The Lmiversity of Alabama 00352 2000 210754 0211 0415 3 0258 1 42400 0.661

Central Alabama Community College (1456 194927 10190.27 (1652 0473 0438 4 1241 1 27100 0.446
Auburn University a: Monigomery 0.306 21791 131478 0.4 edd 1524 3 1248 1 MBOO 0555
Ceniral Geargia Technical College 0535 5348 5083.6 0674 0291079 1 02451 1000 3034 057

Arizona State University-Skysong 04346 3375 14772 0429 0E63 0303 3. 123 1 334 0571
Lowssiana De'ta Commumity College 040 194927 18136 0632 0 0718 1 0262 1 7034 0371

2.1. 1 THE ESTABLISHMENT OF A HIERARCHY

The problem of the case can be divided into three layersin order.
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Figure 1: The three-tier funding distribution system
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Intensity of Value  Interpretation

Requirements @ and j have equal value.

Requirement i has a slightly higher value than ;.

Requirement ¢ has a strongly higher value than ;.

Requirement : has a very strongly higher value than ;.

Requirement ¢ has an absolutely higher value than ;.
2,468 Intermediate scales between two adjacent judgments.

Reciprocals Requirement i has a lower value than ;.

LD =d L L

Figure 2: The meaning of measure
21.2THEWEIGHTSOF LAYERCINLAYER O

Considering the relative importance of C, compared with C,, C;, C4; we might arrive at the
following pair wise comparison matrix.

Ol oo W o
N
-
N

N | =
N| =

The maximum eigenvalue A1 = 4.05, and we can get the corresponding normalized eigenvector
w1l =(0.58,0.17,0.16,0.09).

2.1.3 CONSISTENCY TEST

Consistency Index

n-1

when n =4,A1 = 4.05,Cl = 0.016, Random Consistency Index Rl = 0.9,it can be get from the table
below(Table 2).

Table 2: Random Consistency Index

nunber of order 1
R, 0

2 5 4 o, 6 7 8 9
0 0 0.

28 90 112 124 132 141 1.45

Consistency Ratios
R=—
R

When RI = 0.9, CR =0.018 < 0. 1 meet the inspection.
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2.1.4THEWEIGHTSOF LAYERPINLAYERC

Considering the relative importance of P; compared with P,,Ps;P, compared with Ps,Ps;P;
compared with Pg,Py;P;o compared with Pi;; We might arrive at the following pairwise
comparison matrix:

1 1
151 13 1 3 6 1 3
7
B=13 1 3/p, -1 1 Llp-|1 1 5B~
1 3 3 7
1 = 1 3 3 1 1 1 3

The maximum eigen value A, = 3,A;3 = 3,A, = 3.10,As = 2 and we can get the corresponding
normalized eigen vector

w; = (0.2,0.6,0.2) 'w, = (0.2,0.2,0.6) "w; = (0.635,0.287,0.078) 'w, = (0.3,0.7)"
After normalization, we can weight vector

a?zziog“:o. 08

2.1.5THEWEIGHTSOF LAYER PINLAYER O
WP =(wWO w0 w9 (k =1,2,3,4)

W=IW" W2 W2 W,
WEW W[V, W2, WP, WP -W=(0. 115,0. 345, 0. 115,0. 035, 0. 035, 0. 106, 0. 099,0. 045,0. 012.0. 03,0. 065)"
(R=CR1+(R2=0.098<0. 1

2.1.6 DATA NORMALIZATION METHOD

In order to reconcile all kinds of indicator sin one assessment system, we apply Min Max
Normalization to normalize the indicators that mentioned in the database. This helps us to process
datain various dimension. Our process of data normalization is as following formula

«  X—mn
X =——
nmax—nn

0.0010 0.0007 0.0004 0.0004 0.0006 0.0003 0.0004 0.0000 O0.0000 O0.0004 O.0004
0.0007 0.0008 0.0003 0.0005 0.0005 0.0002 0.0004 O0.0000 O0.0000 O.0003 O0.0003
0.0011 0.0007 0.0003 0.0006 0.0006 0.0002 0.0003 0.0000 0.0000 0.0003 O0.0003
s=/0.0001 0.0008 0.0007 0.0004 0.0006 0.0003 0.0004 0.0000 0.0000 0.0004 O0.0004

0.0010 0.0004 0.0006 0.0002 0.0000 0.0000 0.0003 0.0000 0.0000 0.0003 O0.0002
0.0001 0.0005 0.0005 0.0005 0.0006 0.0003 0.0004 0.0000 0.0000 0.0004 O.0004
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2.1.7 COMPREHENSIVE RANK

We can figure out the following formula to quantize the satisfaction of Goodgrant to the school.

D =3b,Wi =1,.....,2936)

j=

Lastly, we utilize Anaytic Hierarchy Process (AHP) to determine the weight of
everyfactorandranktheschool sinthelistof candi dateschool saccordingtothecomposite index of every
school calculated from the weight. Than we can select schools in the top of the rank to invest
suitable funds.
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Figure 3: The rank of schools
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2.2 DATA ENVELOPE ANALYSE
2.2.1 BAsic CONCEPTION OF DEA

After assessing the educational performance of all post secondary colleges and universities,in
accordance with the rank,we select 200 universities who are most deserving grants. Then it comes
to the question of the amount of money distributed to per school. We consider the ability of
effective using of private funding and the population as the main factors. To quantize the funding
use capacity , we evaluate the relative efficiency of the same type of output and input Decision
Making Unit(DMU) and employ the Date Envelopment Analysis (DEA)[8-9].

Parameter Assumption :X: input index ,Y : output index , to a certain project we assume that
there are s decision making units per unit of which has m kinds of inputs and n kinds of inputs,
weight coefficient correspondingly V=(v3,V2,Vs,...,Vim)",U=(Uy,Uz,Us,...,U,) " ,Every unit hasits own
efficiency evaluation goals(h), h; = uY;/vX;,we can always choose proper weight coefficient which
satisfy hyy,j = 1,2,.8.

In order to estimate the efficiency of DMU, weight coefficient correspondingly v ,u as variable ,
aim at the efficiency index of DMU,restraint by all efficiency indexes ,develop the fractional
programming mode! as followed:

Zuryrk

Mx h, =———

Zvi Xik
iz

Zuryrk

st. =—<1

m

VI X/k

i=1
Inwhich

u >e>0v, 2e >0

LetU, =t xu, V/ =t xv, U >e >0V >e >Oafter Charnes-Cooper transform we get C°R
linear programming model

it

Mix h, ZUy,k st. v, x, =12 Uy, ->Vx, <0
1

i=1 r=1 j=
Introduced ackvariables-andsurpl usvariabl es+andgettheCCRDualitylinearlayout model

AT Q-

Mix [q—e(e’'s™ +e's™)]

le +8™=0qX,,
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n
N
2L =8 =y,
j=1

In which: 6, presents the potential quota of al inputs possibility of equal proportion reduction.
e'T e" present m dimension unit column vector and n dimension unit column vector. € presents
The Archimedes dimensionless, which is smaller than any number bigger than zero.

2.2.2 THE SOURCE OF SAMPLE DATA

After disposal data we choose the amount of Pell Grant and federal student loan as input indexes,
the amount of earnings of students working and not enrolled 10 years after entry and high in
come students 6years after entry as output indexes. The processed data was showed in the
following table(Fig4).

Inputz Dutpnts

Institwlions

tudants

high Lcena
tugexts al:

Figure 4: Inpul and oulput index

2.2.3 ESTABLISHMENT OF MODEL
CCR Mode

Mx h=Uy,+U,y, =78403800u, + 31492914u,

78403800u, +31492914u, —6810564. 51, —5436272. 18/, <0
14847200u, +7072340. 41u, —1940932. 15, —1983377. 62, <0
12593500u, + 5532753. 92u, —1943720. 06v, —1983273. 33/, <0
279864000u, + 95493619. 73u, — 891828. 08/, —13107856. 32, <0
118895000u, +24518661. 35u, — 4553961. 46v, — 1364384. 63/, <0
7433400u, +28817188. 48u, —8144706. 34v, —7008249. 55/, <0
u,u,,v,,v, =0
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BCC mode
Minq
784038001, +148472001,, +...... +1188950001., + 743340001, +s, = 78403800

31492014, 411, +7072340. 411, +......+ 2451866. 351, + 28817188, 481
6810564. 511, +......+8144706. 341, —s; = 6810564. 51

+8, =31492914. 41q

200

9436272181, +...... +7008249. 551, —s, =5436272. 18

2.2.4 CALCULATING

We adopt caculating software Deap Version 2.1 developed by professor Coelli to process the
sample data on the table and get the efficiency of DMU(8) and slack variable(s,s”.

It orientated LA

Scale azsumption: VRS

BFFLCIENCT SUNMARY:

fMrn o

Figure 5: computational results of Deap Version
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2.2.6 APPLICATION

To balance the amount of money for per school. Whether the school can maximize the value of
funding it receivesis the mgjor consideration factor plus the population effect. We divide the two
factors as 7:3, and making the final decision according to each weighting. Part of the table has
been showed on the below(Fig.6).

URITID AnsTI POPULATION Eflicivmcy UF DM Timsl soute
Lo [ ™

L L0 (Nt}

£ 1 80
4.m 1.80
Eood 1.80
& 00 .60
7.00 160
F 180
“m Lo
10, 180
1, oo 1,80
12 ol &
Vo "
(BN i} 1. 86
15, o 1.8
5. o0 1.0
i7. o0 1.9
13, 00 1,00
1500 b
U N 1.8
158, 00 L% H
150 LU
vl oo L%
162, an 0.3
1< o w4
154 00 04
155, o0 043
156, 00 o
197, o o 4
(LN 4 wu
150, o 0.8
0, o o
Figure &: The calculation of investment money
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Figure 7: distribution of money

2.2.7 FURTHER THINK

To decide the duration that the organization’s money should be provided, the main aspect we
consider is to stimulate the highest likelihood of producing a strong effect on student
performance. So we consider the change condition of the return to scalein DMU:

If 102": 1° — qthe return to scale is invariability.
J

i

If qiozljo>1thereturn to scaleisincrease.
j=1
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If ii._odthereturn to scaleis decrease.
9’ /="

To encourage the ingtitution as well as students better, the invested institution will be asked to
submit its related information about return on scale once a year for offices in the organization to
ponder whether it is necessary to invest that school next year. Supposed that one university’s
return to scale is drop dramatically, apparently means that the inputs is far beyond the outputs, it
is more wise to stop and invest on another institution,forexamplethe201thinstitution.
Providedauniversity’sreturntoscalegoes rise for 5 years, definitely the investment duration for that
school is5 years.

3. CONCLUSIONS

The integration of AHP, DEA and MDU methodologies is a hybrid application of soft computing
techniques. The aim of the hybrid application is to determine an optimal investment strategy to
identify the schools, the investment amount per school efficiently and objectively. we utilize AHP
(Analytic Hierarchy Process) to determine the weight of every factor and rank the schools in the
list of candidate schools according to the composite index of every school calculated from the
weight. So we could select schools in the top of the rank to invest suitable funds. Furthermore we
use DEA (Data Envelope Analyse) to get changes of scale efficiency. With this model, we come
up with a strategy on what will be both the most efficient and accurate way to invest the
Goodgrant Foundation. Our future work will focus on refining the model to be more scientific
and more believable. Besides, some factors which are neglected in this model can be further
studied if there is more information available.
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