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“The quality of high education is vital to the development of the country” President
Obama said in a public speech . As we all know, high education is an important part of further
improving the level of civic education beyond secondary education. Therefore, every country
attaches great importance to high education and has established its own unique high education
mechanism. For a country, a sustainable higher education system can undoubtedly play a
positive role in promoting the country’ s economic development and the cultivation of advanced
talents. Therefore, in order to judge whether a country’ s high education is healthy and
recyclable, we have established a brand-new evaluation system, and based on our evaluation of
the high education level of each country, we have put forward some suggestions for
improvement.

To this end, we make the following main contributions:

* Here, we set up the ACL [1] (Ability, Crowd, Level) model, in this model, we select
eight indicators which is showed below to evaluate the health of higher education. The eight
indicators inculde: the number of paper (ACL1), the amount of money spent on each college
student as a percentage of GDP per capita (ACL2), the teacher-student ratio(ACL3),GPI-tertiary
education(ACL4),gross-enrollment-ratio-in-tertiary-education (ACLS), share-of-students-
studying-abroad ,proportion of people with higher education (ACL7), the comprehensive
strength of graduates in different countries (ACLS).

* Then,We use fuzzy comprehensive evaluation method (FCEM) to evaluate ACL8 and
get the score of each country in this item. Then, Entropy weight method (EWM) and analytic
hierarchy process are used to calculate the weight of the eight indicators. After normalizing the
eight indicators of each country, the comprehensive score and the indication’s score is calculated,
which is used to evaluate the health of higher education of each country. we decided to use the
UK as an example to improve it with the ACL model

* Thereafter, We have put forward some suggestions on the lower indicators of British
higher education, that is, by improving the lower indicators of the UK in the ACL model to reach
a healthy and cyclical level. in particular ,We use the Grey-Verhulst model. The predicted value
of the next five years is brought into our model for scoring, and then the predicted value of the
policy impact is obtained through our policy impact on specific indicators for evaluating the
adjustment growth rate, and the evaluation value is brought into the evaluation system to verify
whether our policy is feasible and the effect after implementation.

* Finally, we conducted an in-depth analysis and sensitivity analysis of the ACL model,
and carefully considered the feasibility of the UK's policy guidelines to ensure the health and
recyclability of the higher education system and we summarize the suggestions made according
to the current development characteristics of the UK after Brexit, and focus on the suggestions
made and the future development situation.

Keyword: ACL(Ability, Crowd, Level) model, EWM,AHP, Grey-Verhulst ,fuzzy
comprehensive evaluation method
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1 Introduction

1.1Background

In today’ s fast-developing globalization trend, economic globalization, the
flow of knowledge, and the competition for highly educated talents are mutually
reinforcing and intrinsically linked. Peter D. Eckel of the American Education
Council and Harbin University of Pennsylvania Professor Matthew Hartley believes
in his thesis that it is particularly important to establish a healthy and recyclable
higher education system in order to cultivate talents who can adapt to the global
working environment and have excellent comprehensive qualities. Therefore,we hope
to make the current higher education system even better, Improve, establish a higher
education level evaluation model and improvement plan based on multiple
dimensions.

1.20ur work

Figure [1]
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First, we propose the ACL model, which is established a higher education
level evaluation model based on multiple indicators. Specifically, ACL model
considers whether a country's higher education system is healthy and sustainable from
three perspectives. And scored the higher education system of each country in an
ideal way.

Then, We apple the ACL model to a number of countries and ranked 27 of
them. We decided to use the UK as an example to improve it with the ACL model.

Thereafter, We have put forward some suggestions on the lower indicators of
British higher education, that is, by improving the lower indicators of the UK in the
ACL model to reach a healthy and cyclical level in particular .We use the Grey-
Verhulst model. The predicted value of the next five years is brought into our model
for scoring, and then the predicted value of the policy impact is obtained through our
policy impact on specific indicators for evaluating the adjustment growth rate, and the
evaluation value is brought into the evaluation system to verify whether our policy is
feasible. And the effect after implementation.

Finally, we conducte an in-depth analysis and sensitivity analysis of the ACL
model, and carefully considered the feasibility of the UK's policy guidelines to ensure
the health and recyclability of the higher education system. And we summarize the
suggestions made according to the current development characteristics of the UK after
Brexit, and focus on the suggestions made and the future development situation

2 symbol Table and Assumptions

2.1 symbol Table

Symbol Definition
ACLI The number of paper
ACL2 The amount of money spent on each collgge student as a
percentage of GDP per capita
ACL3 the teacher-student ratio
ACL4 GPI-tertiary-education
ACLS gross-enrollment-ratio-in-tertiary-education
ACL6 Share-of-students-studying-abroad
ACL7 Proportion of people with higher education
ACL3 The comprehensive strength of graduates in different countries
U Factor set
\'% Comment set
R Fuzzy evaluation results
wj Weight of index |
S Comprehensive score of Higher Education

x (0) the original data series of UK from 2010 to 2018
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2.2 Assumptions
® We assume that all the data we get are correct

*We assume that the higher education indicators of 27 countries selected by us can

reflect the higher education level of all countries in the world

*We assume that COVID-19 will not affect the effectiveness of our recommendations.

3 Assessing the health of higher education

3.1 Indicator selection

Considering we have to assess the health of any nation’s system of higher
education. we set up the ALC model, in this model, we select eight indicators and use
the Entropy Weight Method (EWM) , Analytic Hierarchy Process (AHP) and fuzzy
comprehensive evaluation(FCE) to build the model for evaluating the health of higher
education.

1, The number of paper (ACL1)
The main purpose of higher education is to

cultivate scientific and technological talents.
Therefore, an important indicator of the health of
higher education in a country is whether it can
produce a large number of scientific and technological
talents for the society. we use the number of papers to
quantitatively measure the contribution of a country's

higher education for the development of science and technology.

2, The amount of money spent on each college student as a percentage of GDP per
capita (ACL2)
The more money a country spends on each college

student, the more importance it attaches to higher ‘
education. However, bigger is not always better. The K 2 /
bigger indicator also reflects another phenomenon which ‘____J

is very difficult to support a person to go to college for
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3.2Model building

We have collected eight indicators from 24 countries, covering developed
countries, developing countries and backward countries, covering five continents and
four oceans, which can basically represent the higher education level of all countries
in the world. We use the fuzzy comprehensive evaluation method to evaluate the
comprehensive ability of graduates receiving higher education. Such evaluation often
requires comprehensive consideration of multiple indicator factors, using the existing
comprehensive quality evaluation system of students, and combining with the
characteristic indicators of international training. Evaluation; At the same time,
appropriate consideration should be given to the rationality and stability of the
evaluation system design.

3.2.1Model 1: Fuzzy comprehensive evaluation method (FCEM)

We use the fuzzy comprehensive evaluation method to evaluate the
comprehensive ability of graduates receiving higher education. Such evaluation often
requires comprehensive consideration of multiple indicator factors, using the existing
comprehensive quality evaluation system of students, and combining with the
characteristic indicators of international training. Evaluation; At the same time,
appropriate consideration should be given to the rationality and stability of the
evaluation system design.

We build an analytic hierarchy process model, using 15 indicators to analyze
the ability of graduates in a country and get the weight of the corresponding indicators

CX

Figure [2]

Table [1]

A(1stindices) B(2nd C(3rd indices)
indices)

Citizens' moral consciousness(C1)
Sense of international competition
consciousness(C2)
Worth(B1)  social responsibility consciousness(C3)
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innovation and exploration
consciousness(C4)

Potential professional learning ability(C5)
Quality(B2) theory application ability(C6)
The comprehensive ability team cooperation ability(C7)
Of graduates in foreign language basic skills(C8)
Different countries(A) Knowledge cultural knowledge reserve(C9)
And interpersonal skills(C10)
skill(B3)
international communication ability(C11)
organizational leadership(C12)
Practical independent thinking ability(C13)
Innovation  critical innovation ability(C14)
Ability(B4)  psychological endurance ability(C15)
We use the “yaaph” software and get the weigh of 15 indication
w;(ifrom 1 to 15).Let
U = {01, 03, 03, 0y, W5, Wg, W7, Wg, Wg, W19, W11, W12, W13, W14, W15, } (1)
Comment are very good v,,good v,,average vz ,poor v, ,very poor vs.Let
V={V1,V2,V3,V4,V5} (2)
We calculate the matrix synthesis by formula:
R=U-V 3)

We take evaluation with the largest value as the comprehensive result.

3.2.2Model 2: Entropy Weight Method (EWM)|2]

Data preprocessing

When we study the eight indicators, we learn that they should be divided into
two types (the big types and the middle type). The bigger types which mean the
bigger the indicator is (such as ALC1,ALC3,ALC5,ALC6,ALC7,ALCS), the bigger
the score is. The middle type which mean the more intermediate the indicator is,
bigger the score is (such as ALC2, ALC4).

For the big type:
Aij—Amin
bij - amcjlx_amin (4)
For the middle type:
bij _ lajj—apest| (5)

Amax—Apest
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The aj; and bj; mean the initial value and normalized value of item j about the i

country, ayi, and ay,,x represent the minimum and maximum value of item j in all
country, apestmean the value is the best for middle indicator.

Weight calculation
Firstly, we calculate the probability j index about the i country , soon we get the

probability matrix
by
Pij = 5w Jbij (6)

Secondly, According to Canon and his information theory, the more uncertain
the information is, the greater the corresponding entropy is. The calculation formula
of information entropy is as follows:

Hj = =In (M)~ XL pijIn(pi)) (7

Thirdly, we define the information utility value. The larger the information
utility value is, the more information is. We normalize the information utility value to
get the index weight.

1_ _1-Hj

w; = n

(8)

3.2.3Model 3: Analytic Hierarchy Process (AHP)[3]

Correction of weight

If variation of the index If variation of the index is bigger, the corresponding
index weight is bigger. Among the eight indexes, the weight of the number of papers
is the biggest. we calculate that its weight is close to 0.35. This seems unreasonable.
In order to eliminate the unreasonable weight which influence the result of evaluation,

we use the analytic hierarchy process to calculate the weight u)l-z. The final weight
score 1s
— 1 2
w; = W; + W; (9)

Establishment of hierarchical structure
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aquality
of

Figure [3]

Constructing judgement matrix
1, Scheme layer

We establish the initial Comparative Matrix for soft power and hard power by
comparing the importance of eight items

ALC5 |1 4/3 2 4
ALC2 |1 4/3 2|4

ALC4 | 3/4 1 3/2 3
ALC1 |3/4 |1 3/2 |3

ALC7 |1/2 2/3 1 1/2
ALC8 | 1/2 |2/3 1 1/2

ALC6 | 1/4 1/3 2 1
ALC3 |1/4 |1/3 2 1

Table [2] Table [3]

2, Criteria layer
Here we think that soft power and hard power are equally important so we get

the Comparative Matrix in show below

Table[4]

Soft power | Hard power

Soft power 1 1

Hard power 1 1

The consistency checking
Using the sum-product method to find the largest eigenvalue y,.x and the
eigenvector of the comparison

1 M i
=2y ok (10)

ymax n w;

Calculate the CI :
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Figure [7]

We think that when the number of university students is relatively small, the
passing line is higher. At this time, the male students are in the majority. With the
increase of the number of university students, the passing line decreases year by year.
At this time, the university gradually are the female in majority

We draw the picture to show the relationship about Female than men (y) and

gross-enrollment-ratio-in-tertiary-education(x).

Britain
70 ; . -

-enrolmenl ratio

—— Female than male

. “lllll -
II||‘I 1.1

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 7
Year

T T T

itio

Figure [8]
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We analyze the female male enrollment ratio and the higher education
enrollment rate in the UK, and find that they have positive correlation between them.

The Pearson correlation coefficient ( ) is equal to 0.94 and p<0.01.

We use linear regression to fit the two variables and get the linear relationship
about y and x.( Adjusted R-Squared 0.896, p-value = 1.77¢-24)

(15)

We can know that the linear relationship is not strictly tenable. With the
increase of enrollment’ s ratio, boys with poor performance will have the opportunity
to enter the University which will decline the ratio of Female than male in the
University.

5. Impacts for achieving such levels

5.1The impact of human intervention

We take the UK as the research target, through the data of the British National Bureau
of statistics and the world bank, as well as the relevant reports on the development of
education in the UK, and put forward countermeasures for the healthy development of
education in the United States, which can be roughly divided into the following three
categories

* Intervention 1: The government should set up reasonable tuition fees to find
a balance point, and grant after enrollment

* Intervention 2: 2022.----My suggestion for this is to establish a Higher
Education Fund Committee and the review committee is to allocate funds to higher
education institutions

* Intervention 3: 2023 - set up a polytechnic college, which is more inclined to
admit male students (because male students have slightly stronger thinking in science
than female students), so as to improve the number of male students*

* Intervention 4: 2024 - find the balance between the number of students
enrolled and the ratio of men to women
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Figure [9]

We analyzed the impact of these interventions on our model as shown in the
table below :

Table [6]
intervention Impact indicators
Intervention 1 Enrollment rate
Enrollment rate
Intervention 2 Teacher student ratio

gender parity index (GPI)
Intervention 3 Enrollment rate

Intervention 4 gender parity index (GPI)

5.2Policy feasibility verification

Here, we use grey prediction to predict the original 7data, and finally bring
them into the model for solution to get the predicted value which is not interfered by
our suggestions. Then we carry out prediction on the 8 data after our policy
intervention and bring them into the evaluation model for scoring, and compare the
results to verify the feasibility of the model

5.2.1modeling principle of multidimensional grey model GM (1, N)

Gray system seeks its change rule through the arrangement of original data,
which is a way to explore the realistic state of data, namely the production of grey
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sequence. The multi-dimensional grey model GM (1, N) is a multi-dimensional grey
model with first-order n variables. The behavior factorxlis affected by n-1 action
factor xi

We define itx © is the original data series of UK from 2010 to 2018

0) — ,.(0) (0) (0)
x© =™ x5, (16)
And then we get the whitened equation:
dx(o) 0
—+ ax©® =p (17)

xD. . . . X
is the cumulative generating operation sequence of

Then we use the least square method (OLS) to obtain parameters a and b as:

a=(B"B) 'B"Y (18)
among
U1 (]
(1) (0)
B = Il y=|—%3 (19)
BRI I AN0)
zV = 0.5 (x,(cl) + x,(cl_)l) (20)

The respective time response sequence of the model is:
20 = (x@@) = 2) e +2 k=123-n (21)

We can get to X ,(( +) ,and then we can subtract to get to X

2 =2l — 21, (22)

+(0)

To test the model, we define the grey prediction sequence as:

O OROR OO 23)

Residuals can be obtained:

e=x"—x"k=1,2,...n (24)
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5.3Analysis of the Result

page20

Assuming that there is no government policy intervention, we forecast seven

education evaluation indicators in the UK through grey prediction, and the predicted
values in the next five years are shown in the table belo

Table [8]
year ACL5 ACL2 ACL6 ACL4 ACL3 ACL1
60.425433 23.7643203 1.07750034 1.24170005 15.359 99144.
2021 3 7 3 3 58 92
60.732547 31.5719299 1.00680700 1.24882996 14.899 984520
2022 8 3 5 1 43 1
61.765347 35.9362716 1.15985001 14.863  99428.
2023 5 7 1 1.25672996 89 13
60.934675 37.7475013 1.17775003 1.26531004 14.559 95680.
2024 3 7 4 9 58 09
61.896745 1.16080700 1.26930999 13.954 99716.
2025 4 35.6332283 5 8 41 02

Through the analysis of the impact of policies on the indicators, we will
increase the predicted growth rates of the gross enrollment rate, the percentage of
higher education expenditure in government expenditure by 3% and 5% respectively,
and the number of gender equality is closer to one. The predicted values of the

indicators affected by policies are shown in the figure below

Table [9]
year ACL5 ACL2 ACL6 ACL4 ACL3 ACL1
201 60.5254333 ;7.3443503 ;.07750034 ;.14170005 ég.659 99150.92
202 60.9325478 §2.7519329 é.00680700 1.14882996 15.899 985520.1
2023 61.9653475 ;6'0062816 }'15985001 1.15672996 2133963 99528.13
Jo2a 61.9346753 §8.5475621 1.17775003 ;.16531004 ég.OS9 95780.09
. 62.1967454 162337283 é.16080700 ;.06930999 14;.954 99916.02

More clearly observe the effect of the impact through the chart
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Figure [11]

7. Strengths and Weaknesses

7.1 strengths

® We use 27 countries with different development status to build the model, which

makes the model more universal

® We use AHP and entropy weight method to calculate the weight of each index,

making the weight more reasonable

* For qualitative indicators such as (ALCS8), we use fuzzy comprehensive evaluation

method to define it to make the indicator more reasonable

7.2Weaknesses

® AHP is a semi quantitative method, and the determination of weight is influenced by

personal subjective concept.

® The information entropy of ACL1 is relatively large, which leads to its weight far

greater than other indicators.






