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Summary

Education is an essential issue for any countries in any time, in which the higher
education determines the height of the national education development and matters a
lot in almost all the other areas and industries. Therefore the health and sustainability
of the national higher education system is required to be evaluated comprehensively.

Firstly, 20 sets of data for 22 countries are collected and integrated to 12 indices. We
divide these 12 indices into three dimensions which are School Development (SD), Stu-
dent Treatment (ST), and Social Influence (SI). We combine the Group Decision Making
Method (GDM) with the Entropy Weight Method (EWM) to calculate the weight of
these indices in the three dimensions. Then we build the Three-dimensional Vector
Assessment Model (3DVA). The three dimensions values as components of an assess-
ment vector are placed in a three-dimensional coordinate system. The modulus of the
vector represents the comprehensive health level of the higher education system while
the deviation angle to the standard vector (1, 1, 1) indicates the balanced sustainable
condition. 8 countries are assessed by the model. The UK ranks first in sustainability
with the smallest deviation angle of 1.15◦ and the US ranks first in health level with
the longest modulus of 1.278. India, with a modulus of 0.735 and an angle of 23.13◦,
has a lot of room for development. Therefore we choose India for further discussion.

Secondly, we establish the Curved-surface Target Model (CST) to configure the
achievable vision for India. We combine 3 comprehensive authoritative indicators as
non-educational factors and attain two indicators, Em and Eθ. Based on Indian current
vector, Em lengthens the modulus and Eθ reduces the deviation angle within a certain
range. Combining the modulus and angle, a curved-surface can be formed, according
to which, we propose policies for India that are divided into three terms. During the
short and medium terms, policies will help India to achieve balanced development in
the three dimensions (reducing the angle to 11.5◦). In the long term, the comprehensive
health level of India will be enhanced (increasing the modulus to 1.22).

Thirdly, we introduce the N-Verhulst Model (NV) to predict the development
without our policy intervention in 20 years. Compared with intervened one, we dis-
cover that without policies application, Student Treatment will get worse, the angle
will be 29.96◦ and the modulus will be 0.640. After intervention, the situation will be
improved. The final modulus will change to 0.978 and the angle will be 4.86◦, which
proves the validity of our policies.

In the end, we analyze the influence of changing the higher education system, re-
alizing that changes are difficult.

Keywords: Higher Education System; Health and Sustainability; Policy; GDM; EWM;
Three-dimensional Vector; N-Verhulst
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1 Introduction
1.1 Background

"Education is the chief defence of nations", Edmund Burke says. It is believed that
education is the soul of a country. Particularly, the higher education of a country plays
a critical role not only in educating future generations but also in every field of the
country from technology to economy. And its development is constrained by many
factors and weighed against the development of many other industries.

The higher education is a greatly huge system in a country. There are various an-
gles and methods to evaluate its some aspect. However, the health of the higher edu-
cation system is surely not related merely to any isolated factors but to comprehensive
aspects covering from the inside to outside. The issue of how to make the system
healthy as well as sustainable for further development is also complicated with the
limitations from different areas.

At present, all around the world the health and sustainability of the higher educa-
tion systems have different developments and emphases, which needs a scientific and
accurate assessment system to conduct evaluation for countries. Meanwhile, various
targets and policies are also needed to propose for the better enhancement.

1.2 Problem Statement and Analysis

Knowing the magnitude of the healthy and sustainable higher education system,
we should concentrate on the problems needed. The total goal is to assess the health
and sustainability of the higher education system in a country and provide scientific
suggestions and policies for better development.

In our consideration, the health and sustainability of one national higher edu-
cation system should not only be as developed as possible when matching to the
strength of the country, but also develop in balance in all aspects within the system.
Several specific tasks are as follows.

Above all, we are requested to build an evaluation model to assess the health con-
dition of a country’s higher education system. The assessment is required to fit almost
all the countries in the world and has high accuracy with guidance significance.

Several countries should be selected to be substituted into the assessment and re-
ceive scientific analysis, during which we should choose one certain country that has
development space for detailed consideration and further discussion.

For the selected country, taking many non-educational factors and capabilities into
account, we are required to propose an achievable and rational target for it to reach the
healthy and sustainable condition. Contrast should be conducted between the current
situation and the vision of the country’s higher education system.

After that, targeted policies with an action timeline will be provided according to
our model and integrated consideration, assisting the country to achieve the healthy
and sustainable improvement. This demands our model to have detailed and compre-
hensive measurement with the guidance significance.

We also need to assess the effectiveness of the policies by scientific model, through
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which we will realize that diverse impacts will appear on the road to be healthy and
sustainable. From students to teachers, form schools to society and even to the coun-
try, influence spreads widely with benefit or cost. The discussion will deliver the view-
point that change is of great difficulty.

For better arranging our process of presenting the solution, we draw the flow dia-
gram of our work shown in the Figure 1.

Figure 1: The overall Flow Diagram

2 Assumptions and Notations
2.1 Assumptions and Justifications

Aiming to realize the discussion of higher education system, we conduct compre-
hensive consideration which needs appropriate assumptions for better simplified and
understood. The assumptions are as follows.

1. The higher education in our discussion is an optional final stage of formal
learning that occurs after completion of the required level of education.

2. Which national higher education system a person belongs to depends on the
nationality of the person.

For one person, different terms of higher education may be taken in different
countries. But we assume that the nationality of the person is what determines
his/her education system attribution.

3. Expert scoring does not distinguish between the professional level of experts.

In GDM, there will be several experts to score, whose skills are essentially the
same as our assumption. Besides, our issues are clear and distinct without obvi-
ous inconsistency.
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4. We assume that the development of national higher education system is con-
tinuous and slow, with no mutation.

The higher education system is a huge system that has self-healing ability, which
is hard to be mutant.

5. The data we collect is accurate.

Our data is collected from United Nations Educational, Scientific and Cultural
Organization, the World Bank and some other official websites and research pa-
pers.

2.2 Notations

Here we list the symbols and their definitions used in the paper, as shown in Table
1. More symbols will be defined later.

Table 1: Notation

Symbol Description
SD The school development dimension of the assessment vector
ST The student treatment dimension of the assessment vector
SI The social influence dimension of the assessment vector
WG The weight vector of indices calculated by GDM
WE The weight vector of indices calculated by EWM
Wi The integrated weight vector of indices in one dimension
Xi The score vector of indices in one dimension
Si The general assessment vector for the i’th country
S0 The standard vector
θ The deviation angle between the assessment vector and the standard vector
Em The elasticity indicator of the modulus
Eθ The elasticity indicator of θ
Υ The target curved-surface for India
r The radius of the target curved-surface
φ The deviation angle of the target curved-surface

ŜX(k) The prediction for SX in the k’th year, in which SX could be SD, ST, SI

3 Data Pre-processing
3.1 Data Collection

Sufficient data is the most fundamental step for designing the evaluation system.
To guarantee the authenticity of our research as much as possible, we collect required
indices for 22 countries all around the world from developed countries like the United
States, to developing countries like China, and among all continents like India in Asia,
Mexico in North America, Brazil in South America, Denmark in Europe, Egypt in
Africa and Australia in Oceania, etc.
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Our data is collected from many official websites or statistics researches such as The
world Bank, The United Nations Educational Scientific and Cultural Organization, the
official national database for each country and so on.

3.2 Procession of missing value

What seems difficult is to assure the fully complete data in the procession of col-
lecting. However, the availability of the data is a crucial issue, therefore it is necessary
for us to process the missing data properly to enhance the accuracy and validity of our
model. The methods of this procession are shown as follows.

(1) Mean Complement

If the data before and after the missing value exists, the mean value of the two will
be used to substitute it .

(2) Kindred Complement

While the two series of data are the same or in similarity, if one of them is attainable,
the other one can be complemented by parallel.

(3) Fitting Complement

When the database is smooth and few continuous data is missed, we set the fitted
curve to complement.

4 Three-dimensional Vector Assessment Model
In order to comprehensively evaluate the health condition of a country’s higher

education system, we establish the Three-dimensional Vector Assessment Model
(3DVA). Through the model we define a three-dimensional vector, S. We take three
aspects, School Development (SD), Student Treatment (ST), and Social Influence (SI) into
account, which will be three axial components of S.

There will be several sub-factors in each dimension, for which we will apply the
Group Decision Making Method (GDM) combined with the Entropy Weight Method
(EWM) to confirm the weight of them. The weight will be more convinced by the inte-
gration of two methods. Finally the final S will be obtained to assess the sustainability
and health of the higher education. Both the modulus and the direction of S have
exact meaning, whose detailed description will be offered later. As soon as the model
is established, the back questions will be discussed favorably.

4.1 Indices Definition and Data Normalization

4.1.1 Indices Definition

There are quite a large amount of factors that have influence on the higher education
system. Meanwhile the data we collect is in a great amount as well. Therefore, for
making them distinct for further research, we finally integrate out 12 most decisive
indices by 20 sets of data and classify them into three dimensions of S which are SD,
ST, and SI. The concrete indices are shown as Table 2.
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Table 2: The Indices of 3 Dimensions
Dimension Index Effect

The quality of teaching and Infrastructure (QTI) +
Emphasis degree of higher education development (EDE) ∗
International Recognition for colleges (IR) +

School
Development
(SD)

The rationality of higher education system (RES) ∗
Higher education cost (EC) -
The popularity degree of higher education (PDE) +
The equity issue of higher education (EIE) ∗

Student
Treatment
(ST)

The international openness (IO) + ∗
Scientific research influence (SRI) +
The international competitiveness of talents (ICT) +
Higher education coverage in society (ECS) +

Social
Influence
(SI)

Contribution to the international society (CIS) +

In the table above, the effect "+" is the benefit-type index (the larger, the better).
The effect "-" is the cost-type index (the smaller, the better) while the effect "∗" is the
moderate-type (the closer to one exact value, the better).

•School Development (SD)

QTI: QTI represents the fundamental issue in higher education system. A healthy and
sustainable education system must have a healthy and stable teaching quality and
infrastructure quality. Take the teaching for example, we make statistics from the uni-
versity teaching ranking of the world [1] to count the amount of one country’s colleges
scoring higher than 20 and then divide it to the total colleges’ amount to confirm the
value, like which many data is processed later and no repeat will appear.

EDE: EDE reflects how greatly the government of a country attaches importance to
the higher education. We take the proportion of higher education expenditure in total
government finance [2] for calculation, which will be better when it is closer to 5%.

IR: IR shows the international evaluation for the development of the higher education,
for which we take QS and USNews [3] for determination.

RES: RES contributes a lot to the sustainability of higher education, without whose
balance the education can be easily obstructed. Typical index, the ratio of Bachelor,
Master and PhD [3] is collected and processed. The ratio will be better when it is closer
to 10 : 4 : 1.

•Student Treatment (ST)

EC: If the cost of a country’s higher education is high, some students will fail to afford
it and ill health of the system increases. The average local cost for colleges in the
country is what we take for this.

PDE: PDE is a significant factor that shows the health and sustainability effect of
higher education system. We apply the gross enrollment rate of higher education [2, 4]
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for it and the higher PDE is, the healthier the system will be.

EIE: There is no doubt that if higher education merely benefit the rich or prefer one
gender, the system will be unhealthy and unsustainable. We take two aspects into ac-
count which are the proportion of poor students that are accessible to higher education [5]

and the gross enrollment gender ratio of higher education [2] . The latter will be better
when it is closer to 1 : 1.

IO: IO shows whether the national higher education encourages the international ex-
change, admits the international students and other connections between local edu-
cation system and outer overseas systems which can provide further growth for stu-
dents. Both the exchange student proportion and the admission proportion for inter-
national students [4, 6] are employed. Both two will be better when they are closer to
3%.

•Social Influence (SI)

SRI: The scientific contribution to the society is a rigid index to consider the health of
higher education, for which we regard that a better organized system will create more
achievement. Two aspects, the amount of published paper and the citation of paper
are combined to extend SRI.

ICT: ICT means how the talents graduated from the higher education system are
appointed and accepted in the world. The global talent competitiveness index [7] re-
searched by three famous institutions are straightly used for it.

ECS: For the whole society, how the higher education makes a difference and affects
the overall living is a comprehensive index for the healthy and sustainable system. We
apply the proportion of higher-educated population [4] to measure it.

CIS: If colleges have great impact on the international society, the health of their coun-
try’s higher education system can be assessed indirectly. The global peace and justice
index [8] will be applied to CIS.

4.1.2 Data normalization

For the unification of the data, we conduct normalization to it, receiving the value
between 0 and 1 for all. There are three types indices where one is the benefit-type
index (the larger, the better), one is the cost-type index (the smaller, the better) and
one is the moderate-type index (the closer to one exact value, the better). Therefore,
we provide three methods for them respectively.

For benefit-type index, the normalization is:

r′i =
ri − rmin

rmax − rmin

(1)

For cost-type index, the normalization is:

r′i =
rmax − ri

rmax − rmin

(2)
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For moderate-type index with the moderate interval [a, b], the normalization is:

r′i =


1−

a− ri

M
, ri < a

1 , a ⩽ ri ⩽ b

1−
ri − b

M
, ri > b

(3)

where M is determined by the minimum and the maximum of one index for 22 coun-
tries, shown as follows.

M = max
{
a−min{ri},max{ri} − b

}
The procession of the moderate-type index is critical for our assessment. Some in-

dices like financial investment in higher education, the number of students studying
abroad, and so on are not better to be too larger, which must match the actual develop-
ment situation of the country. Therefore processed by Equation 3, the data will show
the match degree of these indicators. The larger the processed data is, the better the
match between the strength of the country and the strength of its higher education.

4.2 Weight Calculation

Among 12 indices of the three dimensions, it is obvious that different factors have
different impacts on their dimensions, which also play distinct roles in our final results.
Therefore, we apply Group Decision Making Method (GDM) to calculate. However,
the subjectivity of the method is unavoidable, for which we will apply Entropy Weight
Method (EWM) to assist the weight confirmation process. The weight integrated the
subjectivity and objectivity will be determined for each dimension.

4.2.1 Weight Calculation by GDM

In each dimension, experts compare the magnitude between every two indices and
grade for them, finally extending the complementary judgment matrices. By solving
the eigenvectors of the matrices, we will attain the weight.

The final weight function for one dimension is:

WG =
n∑

i=1

λiWG(Ei) (4)

where WG(Ei) is the eigenvector of the complementary judgment matrix from the i’th
expert marking, λi is the difference coefficient for each expert and here we won’t take

the difference into account, for which λi =
1

n
where n is the amount of experts.

The weight calculated by GDM of three dimensions are shown as follows.

WG1 = (0.17 0.34 0.11 0.38)T WG2 = (0.07 0.19 0.37 0.37)T WG3 = (0.25 0.14 0.55 0.07)T

Then the consistency check of GDM’s weight is conducted, through which, all the
dimensions pass the check, reflecting that the result is rational.
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4.2.2 Weight Calculation by EWM

EWM is also a method for determining the weight. It is its objectivity that is the
reason for why we choose it.

In each dimension, for the i’th country and its j’th index, the weight of it, fij , is
calculated as the following:

fij =
rij

m∑
i=1

rij

(5)

where m is the amount of the country we selected for calculation. And the function of
information entropy, ej , is calculated as the following:

ej = −ln(
1

n
)

m∑
i=1

ln(fij) (6)

Finally we attain the weight of j’th index in each dimension, WEj
, calculated as the

following.

WEj
=

1− ej

m−
∑
j=1

ej
(7)

The weight calculated by EWM of three dimensions are shown as follows.

WE1 = (0.38 0.11 0.46 0.05)T WE2 = (0.21 0.36 0.28 0.14)T WE3 = (0.45 0.05 0.11 0.40)T

4.2.3 Combination for Integrated Weight

By the two methods above, we respectively calculate the two kinds of weights and
now we integrate both into the final weight. The function is:

Wi = κGWGi + κEWEi (8)

where κG, κE are the coefficients for the two methods respectively, here we consider
that κG = 0.85, κE = 0.15. The final integrated weights are shown as Figure 2.

Figure 2: Weight for 3 dimensions

From the figure above, we know that EDE and RES weight high in the school de-
velopment. In the student treatment dimension, EIE and IO play important roles in
it while EC weighs only 9% in the dimension. When it comes to SI dimension, ECS,
the higher education coverage in society, is the most important index, which reaches
almost 50%.
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4.3 Establishment of 3DVA Model

Based on the discussion above, we obtain the final evaluation scores in three di-
mensions for each country, the functions of which are:

SD = X1 ·W1

ST = X2 ·W2

SI = X3 ·W3

(9)

where Xi is the row vector of the indices’ value in one dimension for a country.

Then we combine them into a three-dimensional vector, S, whose components are
these three values respectively and the range of them are all in [0, 1]. In this case, the
vector, S0 = (1, 1, 1) is the standard for the ideal health and sustainability condition
of national higher education. The modulus of S0 shows that the country reaches the
best development matching to the strength of the country in all aspects, which shows
the healthiest condition for the system. The direction of S0 represents the ideal bal-
ance condition of the national higher education development, which shows the perfect
sustainability of the system. Meanwhile, the excellent modulus will also promote the
sustainability.

The schematic diagram of 3DVA is shown as Figure 3.

Figure 3: Schematic Diagram for 3DVA

In the three-dimensional space, the standard vector (S0), the actual vector for demon-
stration (S), and the differential vector of these two (∆S) are drew. The analysis is in
two aspects.

•For S

By the analysis of S’s modulus and the angle, we can have a holistic command
of the health and sustainability of the higher education system. |S|, the modulus of
S, represents the health development degree for national higher education. It focuses
more on describing the current level of the system, which will be regarded unhealthy
when |S| is too small. θ means the deviation angle between S and S0, which is a very
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critical index representing the equilibrium of the higher education development. Even
if one component of S is really large but with others small, θ will be big, which means
it is unsustainable without the balanced development in three dimensions, according
to the Cannikin’s law.

•For ∆S

∆S is the differential vector of S and S0, by analyzing which we can discuss the
concrete health condition of the higher education system intuitively. Through the vec-
tor decomposition of ∆S, the weaknesses of the system in three aspects and the im-
provement direction in the future will be accessible. In later section, we will research
∆S more deeply for providing solutions.

In sum, the model will be a comprehensive implementable evaluation system with
more practical significance rather than merely ranking something which is not the key
issue for the problem.

4.4 Application of 3DVA Model

We apply 3DVA to some countries and obtain the results shown as Figure 4 and
Figure 5.

Figure 4: Application 1-4 Figure 5: Application 5-8

The concrete modulus and deviation angle of these countries’ assessing vectors are
shown as Table 3.

Table 3: Modulus and Deviation Angle for Countries

Country USA Japan UK India China Australia South Africa Malaysia
Modulus 1.278 1.048 0.881 0.735 0.955 0.925 0.660 0.671
Deviation
Angle (◦) 11.90 13.88 1.15 23.13 24.52 10.07 30.65 18.81

Through the figures and table above, we can assess and analyze the health of higher
education in these countries. The United Kingdom has the smallest deviation angle
while vector S3 in Figure 4 is quite close to and almost on the standard vector, which
shows that the higher education in the UK is of balanced development with high sus-
tainability. This is due to the wonderful international openness, excellent research
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capability and great contribution to the society as well as the harmonious ratio of each
part. The United States is evaluated with the highest modulus, indicating the strong
higher education and highly developed and healthy system matching to the strength
of the country. The outstanding indices in many aspects are the main reason. But the
structure still has room for development compared to the UK. For South Africa, China
and India, the large deviation as well as the small modulus shows their worried higher
education system, for which the differential vectors for them in the figure are all no-
ticeable. As for Australia and Japan, the health conditions are all in a comparatively
good and relatively balanced. With further project and thorough management, they
will achieve a higher healthy and sustainable higher education system.

For further discussion, we select India as the research object, whose development
space is large and the higher education condition is representative in some way.

5 Curved-surface Target Model
According to what we have discussed in the 3DVA model, the best condition is

that the assessment vector, S, reaches the standard (1, 1, 1). Unfortunately, limited by
many other factors, it is impossible for the countries to achieve the ideal in a time, for
which we take the feasibility and reasonableness into account when we proposing the
vision of the higher education system for its health and sustainability.

Based on the 3DVA model, we establish the Curved-surface Target Model (CST).
We know that the target will be lower than the standard corresponding to related
condition of one country, so the comprehensive health level for the target, which is
indicated by the modulus of the assessment vector, will be shorter than the standard.
When it comes to the balanced sustainable condition for the target, which is displayed
as the deviation angle, we believe that in the future, no matter how strong the edu-
cation system is, developing in balance with existing resources is the top task for the
country. Therefore the target of the deviation angle will be a range smaller than a
certain goal even to the standard direction. In conclusion, the target will be a curved-
surface in the space, with which we can propose rational achievable target and com-
pare the current condition with future vision.

5.1 Elasticity Indicators

CST will firstly help the country to identify the target modulus and deviation an-
gle. Actually all the indices we consider in the assessment vector are basically straight
educational factors. However, some non-educational factors can generate develop-
ment bottleneck and limit improvement ceiling, which determines the achievable tar-
get for the country. Here we will introduce two elasticity indicators to set the target,
which are modulus elasticity indicator, Em, and angle elasticity indicator, Eθ.

For the complete and comprehensive consideration, we investigate a lot factors
and indices and finally choose three representative indicators, which are Human De-
velopment Index (HDI) [9] , Fragile States Index (FSI) [10] and Gini Coefficient (Gini) [11] . All
the three are non-educational indicators but have a great impact on the development
of the higher education system with their highly synthesis by authorities.

HDI combines education with the citizen’s health and lifespan, and the decency of
life. While HDI in a country is low, the country will make few efforts to develop the ed-
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ucation but to improve the basic life command. FSI considers the national security, the
social stability, the government management to various resources and the capability
of responding to crisis. A country with high FSI is accessible to be unhealthy and un-
balanced in development. Gini reflects the fairness of income distribution of a country.
Too large Gini will weaken the improvement achievement of higher education.

By the way, almost every core field has been taken into account in the three indica-
tors. For example, GDP per capita really affects the development cap, but it has been
reflected in both the HDI and FSI. Therefore the three are strong to application.

The modulus elasticity indicator is calculated as:

Em = α1H − β1F − γ1G (10)

where H,F,G is the value of HDI, FSI, Gini respectively and α1, β1, γ1 are correspond-
ing coefficients, here α1 = 1.15, β1 = 0.0016, γ1 = 0.15, respectively.

The angle elasticity indicator is calculated as:

Eθ = −α2H + β2F + γ2G (11)

where α2, β2, γ2 are corresponding coefficients, here α2 = 0.15, β2 = 0.0026, γ2 = 0.50.

Em adjusts the curved-surface target in modulus. The larger Em is, the further the
target curved-surface from the origin and the closer to the point (1,1,1) is. Eθ adjusts
the curved-surface target in the deviation angle. The larger Eθ is, the smaller the target
curved-surface is.

5.2 Setting Target Curved-surface

Receiving the two elasticity indicators, we get started to set the target curved-
surface. As the discussion above, with the certain modulus and the range of deviation
angle, the curved-surface is the part of a sphere, whose radius,r, and deviation angle
φ, is confirmed as:

r = Em(
√
3− x) + x (12)

φ = Eθθ (13)

where x and θ are the current modulus and deviation angle of the assessment vector
respectively.

Finally the target curved-surface is determined as:SD2 + ST 2 + SI2 = r2

(SD − r cosφ√
3

)2 + (ST − r cosφ√
3

)2 + (SI − r cosφ√
3

)2 ⩽ r2 sin2 φ
(14)

We apply the model to India and obtain the modulus and angle for the target
curved-surface is shown as follows.

r = 1.22

φ = 11.5◦

The target curved-surface for India, Υ, shown in space is as the Figure 6.
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Figure 6: The target curved-surface for India

5.3 Vision Analysis and Comparison

5.3.1 Vision Proposal and Analysis

Based on the CST model above, we have found the target curved-surface for India.
Now we are about to propose the achievable and reasonable vision. In total, the exact
vision for India is to reach its target curved-surface, Υ, shown in the Figure 6. Here we
will explain and expand the vision into two areas of details combined with surface Υ.

( I ) The comprehensive health level

In Figure 6, the assessment vector in the vision is to reach the surface Υ, whose
modulus is 1.22, which indicates that the comprehensive health degree of the higher
education in the vision will reach a high level. The specific expectations are as follows.

• The three dimensions, School development, Student Treatment, Social Influence
will all reach to around 0.65, while the balance between the three will be given
priority.

• There will be more excellent teachers especially more first-class teachers all over
the world, and more advanced teaching infrastructure. The enhancement of
these will straightly increase the SD dimension score and indirectly promote ST
and SI.

( II ) The balanced sustainable condition

From Figure 6, the deviation angle between the target assessment vector and the
ideal S0 will be smaller than 11.5◦ which will be a highly balanced degree of the higher
education system. Attention should be paid one more time to that we set the range of
the deviation angle for India, which means that the balanced sustainable condition is
expected to a healthiest level but at least 11.5◦. We emphasize on the balance more
than the scale, therefore with appropriate management, India is possible to reach the
almost zero deviation angle.

关注数学模型

获取更多资讯

2

MATHmodels



微信公众号：数学模型

微信号：MATHmodels

微
信
公
众
号
：
数
学
模
型

微
信
号
：

MATHmode
ls

Team # 2123945 Page 16 of 25

In Figure 6, the best angle will be in the direction of vector OT and the least one
will be in the direction of vector OP or other direction in the edge of the surface. In
particular, OP is selected from the edge because it has the lowest cost of improvement
when India takes the advantage of its strengths in ST and SD. However, what needs to
be acknowledged is that when the country makes efforts to develop one certain aspect,
in a short time the other areas will be affected. Therefore the track of the development
to the target is more likely to be a curve rather than a straight line in reality.

5.3.2 Comparison of Vision and Current condition

As shown in the Figure 6, the current condition, vector S, and the vision range is
easily visible.

The current S has short modulus |S| = 0.735 and big deviation angle θ = 23.13◦,
which shows its poor condition in the health and sustainability of higher education
system.

In detail, in the dimension of Social Influence, India has the largest amounts of
universities in the world. But the citation of published paper in this decade is only
2.76 million articles, ranking 15th in the world, which is not coordinated to the colleges
amounts. According to the ICT in SI dimension, the graduates from the local Indian
higher education system have a 35 score of the international competitiveness from
the official data, which is also in a quite low level of the world. To the other two
dimensions, SD and ST, the components values are 0.46, 0.54, respectively. These are
better than SI of 0.16 but still are in the lower-middle range of the world.

Obviously compared with the vision, the condition will be brightened in the future.
By the CST model, India will reach to the target curved-surface. Here point P and the
vector OP are taken for example. Most importantly, the deviation angle of the vision
vector will less than 11.5◦, reflecting the equilibrium will be enhanced and the higher
education system will develop comprehensively and healthily. Moreover, the modulus
of OP will reach 1.22, which means it will reach the high class in Asia and the upper-
middle level in the world. Meanwhile, the three components of the vector which are
SD, ST, and SI, will achieve 41.3%, 20.4%, and 306% improvement respectively.

It is worth mentioning that the reduction of the angle and the components can also
be captured by the differential vector ∆S in the three-dimensional space.

6 Policies and Timeline
In order to achieve the vision and target we set for India, we propose policies for

three terms and design the implementable timeline for its higher education system.

Above all, we are required to know the general development strategy for detailed
discussion. Therefore, in the three-dimensional space, we draw the trend presentation
chart by the assessment vector, shown as Figure 7. All the discussions in the subsec-
tions are in the configuration of it.
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Figure 7: Trend Presentation Chart

In the first period of the figure, the modulus of the vector does not change much.
But the angle with S0 is getting smaller and changing rapidly. In the latter period, the
angle with S0 does not change much, but the modulus of the vector increases more
rapidly.

In sum, our policy should first adjust the unbalanced development of the three
aspects of the higher education system, and then promote its comprehensive health.

6.1 Targeted Policies for India

Referring to the differential vector ∆S, the largest gap between the current and the
target is the Social Influence, which is also the main reason for low sustainability and
incomplete. Therefore, in short term, policies for increasing the SD as soon as possible
are formulated. With SD rising, the balance will be more stable. After that, the key for
the medium term is to improve the three dimensions together, which requires more
support from the country and the educationalists. We will propose policies referring
to other countries with excellent sustainability. In long term, with relatively healthy
and balanced, we will propose policies for India to assist it to reach the point T on the
standard direction.

( I ) Policies for Short Term

Step 1: The ECS index achieves 11%

In our evaluation system, the Higher education coverage in society (ECS) weighs
most for 48% in the SI dimension, which is critical in the whole health condition. But
India now has only 4.85%. This is an aspect that is accessible to realize the improve-
ment, specifically by insisting increasing the enrollment rate, decreasing the dropout
rate and enhance the citizen awareness of being educated.

Step 2: Improve the SRI index

Scientific research influence (SRI) is what needs improvement for India. The pol-
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icy are supposed to enhance the ability of innovation of the undergraduate, promote
the capacity of translating what has been learned into results for master and doctoral
students.

Step 3: Increase ICT index to 50

The concrete policy is to attach importance to the improvement of leadership and
team-working capability of students by promoting the leadership programs and or-
ganizing more team training activities. Leadership development is the highlight for
improving the productivity of Indian higher education system in the 21th Century [12] ,
which is indicated by the international competitiveness of talents (ICT).

Attention: Although policies are focused on the Social influence, owing to the rel-
evance of the three dimensions, SD and SI will increase at the same time.

( II ) Policies for Medium Term

Step 1: Increase the Enrollment of the poor to 30%

The government and any other communities combine together to increase the in-
vestment of higher education which should match to the strength of the country. The
enrollment of the poor weights much in the ST dimension, which must be the top issue
to avoid some social and moral problems. The ST score will be improved then.

Step 2: Improve the self-regulatory assessment system of higher education

The self-regulatory assessment system of higher education plays an important role
in universities and colleges. If the college itself is not able to construct a strong self-
regulatory assessment system, others will cruelly force it to [13] .

Step 3: Strengthen cooperation with international universities

More cooperation with the international universities and colleges [14] and improve
together will benefit the health development of higher education system and mean-
while improve the social influence.

Attention: The target of the medium term is to achieve balanced development of
the three dimensions. Thus the order of three is not obvious.

( III ) Policies for Long Term

Step 1: Construct comprehensive university funds management system

Learning from the experience of the UK, who has constructed the University Grants
Committee in 1919 [15] , it should be realized its benefit for the sustainability of the
higher education system. Therefore when India conducts the policy, accurate man-
agement of the funds in the university will be enhanced.

Step 2: Absorb more foreign students

After the development in a relatively high level, the higher education system of
India are supposed to absorb more international students, which will attract more
talents and push the assessment vector to the direction of (1, 1, 1).
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6.2 Timeline for India

After proposing policies for India, we attain the implementation timeline of it,
which shows as Figure 8.

Figure 8: Implementation Timeline for India

7 Validity Assessment and Influence Analysis
7.1 N-Verhulst Model

For the purpose of assessing the effectiveness of policies, we are required to mas-
ter the development condition of Indian higher education system evaluated by our
3DVA model without intervention. Limited by some data merely in few recent years,
general methods are not suitable for prediction. Therefore we apply an improved GM-
Verhulst Model, the N-Verhulst Model (NV) [16] , to predict Indian condition without
intervention. NV has higher precision than GM-Verhulst Model, which also has better
structure and adaption. Meanwhile the saturated mode of indicators will be properly
reflected.

In the NV, a new sequence Y (0) is defined by:

Y (0) = (y(0)(1), y(0)(2), ..., y(0)(n))

= (X(0))−1 =

(
1

x(0)(1)
,

1

x(0)(2)
, ...,

1

x(0)(n)

) (15)

where X(0) = (x(0)(1), x(0)(2), ..., x(0)(n)) is the original sequence.

Then another definition of a series of sequences y(1)(k) is shown as follows:

y(1)(k) =
k∑

i=1

y(0)(i) k = 1, 2, ..., n (16)
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The following equation is defined as the new gray Verhulst model or N-Verhulst
for short:

dy(1)(t)

dt
+ ay(1)(t) =

1

2
b(2t− 1) + c (17)

where (a, b, c)T is the undermined parameters.

The final result is received as:

x̂(0)(k) =
1

ŷ(0)(k)
=

a

a(1− ea)e−akCinitial + b
k = 1, 2, ..., n (18)

Cinitial =

n∑
k=2

[(y(0)(k)− b
a
)e−ak]

n∑
k=2

[(1− ea)e−2ak]

Therefore we can apply NV to India, obtain the prediction sequence ŜD(k), ŜT (k),
ŜI(k), k = 1, 2, ..., n for SD, ST, SI, respectively, and predict the trend of them in the
future.

7.2 Validity Assessment

In order to achieve the target for India, we intervene based on our policies we
propose. The predict without intervention and trend with policy intervention for 20
years in short term are shown as Figure 9.

Figure 9: Validity Assessment Graph

India has shown a negative trend in ST in recent years with an annual degradation
rate of 3.2%, which can seriously affect the higher education system. However, after
intervening through our policies, it will grow by 0.6% in the future. The Indian higher
education system is also at a low level in terms of SI and there is room for improve-
ment. The growth rate this year is 3.1% but through our policy intervention it will
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be increased to 5.8%. The growth rate of SD in recent years is 1.1%. Due to the wide
involvement of school development such as politics, economy, and so on, it’s not easy
to make it change. After intervention, it will be maintained at 1.1%.

In sum, without intervention, SD and SI dimensions will increase a little but ST
will be trending down. By appropriate intervention with reasonable policies, SI will
increase in a large scale and SD and SI will develop in a certain rate. Finally in 2040,
the assessment vector for India, S will be (0.58, 0.61, 0.50) and the deviation angle will
be shortened smaller than 11.5◦, which shows our policies are really effective.

In the medium term and long term, the three dimensions will grow together.

7.3 Analysis on the Impact of Change

In this section, we will discuss the influence of change on students, faculty, schools,
society and even the nation for India.

• Impact on students

During the transition period, More citizen will have chance to receive higher ed-
ucation especially some poor students because of the increasing enrollment coverage
and less equity problem. In the end, students will receive more comprehensive higher
education, which is more conducive to improve their overall ability.

▷ However, as the government and the universities endeavor to develop the re-
search influence and conduct all-round development demand for students, the aca-
demic burden and the graduation stress will be enhanced as well. Chances will be
enlarged to generate resistance from students and even turn the improving condition
to the opposite effect.

• Impact on Faculty

Owing to the increasing investment to higher education during the transition, teach-
ers in higher education will benefit from more favorable treatment and welfare. Finally
with more students mastering enhanced excellent academic skills, teachers will have
more chance to conduct extraordinary researches together with them.

▷ During the development, the self-regulatory assessment system for higher ed-
ucation will be established, because of which the demand for teachers will be much
stricter. The threshold to be a higher education teacher will increase and with the
easy connection around the world, less occasions will be left for local talents. Once it
happens the system will face unbalance once again which will be tougher to adjust.

• Impact on schools

The development will absorb adequate money and support from every area inside
and outside the higher education system, which will ensure the improvement of ref-
ormation. In the end, the more universities and colleges will walk to the world stage,
which will be a virtuous circle.

▷ Meanwhile, with the strong power of the higher education institutions and schools,
the monitor departments will be hard to control and the money and credibility of them
might not increase synchronous with the schools. The schools’ willingness of changing
or correcting will be tough and be lessened then, which might cause the regression.
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• Impact on Communities

With the healthier condition of the higher education, more research results will
be created and benefit the communities. At the same time, with more people being
higher-educated in the society, the living condition as well as the working industries
will be substantial improvement.

▷ But when higher proportion of investment to education, some other industries
will be forced to make way for it, which is not the ideal condition for the whole so-
ciety equilibrium. As India is a huge manufacturing country, the cheap labor will be
insufficient then.

• Impact on nation

As higher education counts a lot in the whole development of a country, the de-
velopment of a healthy and sustainable higher system can surely promote the overall
improvement in nation, which will enhance the comprehensive national strength and
the ability to respond to emergencies like the epidemic.

▷ The communication between counties will also bring cultural and safety crisis.
The talents scrambling and educational results belonging problems will be commoner.

By the influence analysis above, it is distinct that when our policies are promoting
the health and sustainability of higher education, huge radial impacts and resistance
will appear along with it. The resistance comes from many aspects, by whose interac-
tion there will be more unknown influence. The uncertainties we are facing to make
changes in the current situation also make the development tougher. From anther
perspective, positive impacts generally require long term spans to be realized. But
the resistance is always in front of us. With people caring more about the immediate
benefits, the change is reluctantly hard.

8 Sensitivity Analysis
In the CST (Curved-surface Target) model, the two elasticity indicators, Em and

Eθ, play a critical role in the determination of the final curved-surface. Meanwhile, the
confirmations of Em and Eθ are tightly related to two groups parameters, (α1, β1, γ1)
and (α2, β2, γ2). Therefore we slightly change one group parameters while controlling
the other group to discuss the sensitivity of our analysis.

First we maintain the value of (α2, β2, γ2) and provide tiny changes for (α1, β1, γ1)
for three times, shown in Table 4. Exchange the position similarly, we can conduct
data as Table 5.

Table 4: Test (α1, β1, γ1)

Parameter α1 β1 γ1

Initial data 1.15 0.16 0.15
Changed Data 1 1.10 0.16 0.15
Changed Data 2 1.15 0.12 0.15
Changed Data 3 1.15 0.12 0.12

Table 5: Test (α2, β2, γ2)

Parameter α2 β2 γ2

Initial data 0.15 0.26 0.50
Changed Data 1 0.12 0.26 0.50
Changed Data 2 0.15 0.24 0.50
Changed Data 3 0.15 0.26 0.48
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Then we substitute the changing values into CST model and the final results are
shown as Figure 10 and Figure 11.

Figure 10: Test (α1, β1, γ1) Figure 11: Test (α2, β2, γ2)

From the figures above, we know that the curved-surfaces in one group are close to
each other with slight different in size, which indicates that the tiny change of param-
eters will not generate notable influence. This proves the stability of these parameters.

9 Strengths and weaknesses
9.1 Strengths

1. When we evaluate the health and sustainability of higher education system, not
only its comprehensive development from the outside matching to the country’s
strength, but also the balance of aspects within the higher education system are
included. What’s more, we build an assessment model that is intuitive and easy
to quantify for measurement.

2. When determining the 12 indicators, we considered nearly 20 sets of data from
22 countries. These indicators represent most of the main factors that affect the
health and sustainability of the higher education system, making our research
more reliable.

3. When proposing a vision for India, we established a universal model that is not
only applicable to India but also to other countries.

9.2 Weaknesses
1. Due to the particularity of the problem, not too much specific impacts on other

industries when changes happens to higher education system are discussed.

2. Although we prefer the calculation to be as accurate as possible, owing to the
long number of decimal places in the data we used, we had to round off some of
the decimals, which may introduce errors into the final result.
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9.3 Further Discussion
1. If time permitted, we will consider detailed linkages between higher education

and other industries, and quantify them into calculable indices to refine our
model.

2. In the future, we would like to consult with relevant experts of education and
policy to add more assessment indicators to our model, and build a database,
which will help us propose more practical and instructive suggestions.
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