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The purpose of this paper is to demonstrate the application of 

Principal Component Analysis (PCA) as a ranking tool. Given the 

increasing international attention on education quality, ranking of 

universities has become an important indicator of institutional quality. 

Despite the increase in ranking methodologies over the years, concern 

still remains over the validity and reliability of the ranking tools and 

methodologies. The controversy surrounding methodologies and tools 

remains unresolved. To conduct this demonstration, first standardized 

QS variables were obtained. Second, PCA analysis was applied on the 

variables to obtain quality levels which then informed the ranks. We 

compare PCA ranks against QS ranks and the results reveal that 

different methodologies result in different ranks. Although based on 

same variables, but PCA attaches weights to variables not as pre-

determined but as a result. By demonstrating application of Principal 

Component Analysis (PCA) as a ranking tool, this paper broadens the 

methodological scope as academics seek consensus on the best way to 

define and measure university quality, which translates to university 

ranks.  
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Introduction:- 
The increasing global competition makes university ranking an important subject. Consequent of the competitive 

environment, there has been an increasing demand for information about the quality and effectiveness of institutions 

of learning (Coates, 2007). Quality has become a crucial element for various stakeholders, including students as they 

choose institutions for their future enrollments (Altbach, 2012, Hou et al., 2012).(Berbegal-Mirabent and Ribeiro-

Soriano, 2015) affirms that assessing university quality has become a key issue among stakeholders. In assessing 

quality (Buela-Casal et al., 2007) emphasize the need for rigorous comparisons of global institutions. Hence we find 

that the quality of a university is often portrayed through its position when ranked against other universities (Shin, 

2011). Whether a university is good or not, it is often depicted with respect to its position when ranked against other 

universities. Accordingly, certain variables become very important in determining a university’s position when 

ranked against other universities. Such ranking enables universities to benchmark their performance against other 

universities thus allowing them to make strategic decisions which address the identified gaps hence in turn improve 

on their competitiveness. 

 

Some university ranking procedures continue to face controversy and criticism (Coates, 2007, Shin et al., 2011, 

Shin, 2011). For example, in China, there has been regular ranking of universities, mainly spearheaded by Wu 
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Shulian. However, Wu Shulian ranking has suffered much criticism and controversies over the years. In 2009 the 

credibility of Wu Shulian came under the limelight following reports of fee-for-ranking scandals
1
.  

 

According to our knowledge, whilst there are several ranking methods in greater parts of the world (Coates, 2007), 

there seems to be little evidence to suggest the application of Principal Components Analysis (PCA) as a university 

ranking methodology.  Therefore, this paper seeks to demonstrate the application of PCA as a ranking tool, in this 

case we rank world universities. Building upon variables and secondary data available from the QS World 

University Rankings (QSWUR), we demonstrate a PCA ranking process for universities in greater parts of the 

world. Our aim is not to disqualify QS world Rankings but to demonstrate the use of PCA as a ranking tool. We 

conclude by comparing our results with QS world rankings results. 

 

Ranking of Universities. 

As previously highlighted that rankings are useful tools for decision making by stakeholders (Altbach, 2012, Hou et 

al., 2012), this has seen the emergence of university ranking systems across different parts of the world. “A global 

educational phenomenon triggered the start of ranking systems’ development and their proliferation all around the 

world” (Lukman et al., 2010). Globally, there exists more than 30 national university rankings (Saisana et al., 2011). 

It should be noted that different procedures may produce different ranks for the same institution due to 

methodological differences (Alma et al., 2016). The methodological differences stem from selection of indicators, 

assigned weights, data collection and analytical methods. (Alma et al., 2016) 

 

It remains a challenge to define quality because of the diverse and relative nature of most quality indicators. (Olcay 

and Bulu, 2016) argue that despite the challenge of defining quality, a ranking system provides a reflection of a 

university’s quality level in a measure that is often easy to understand by various stakeholders at different levels, 

hence the growing interest in rankings over the decades.  

 

Whilst there has been an increase in the number of ranking procedures, (Huang, 2011) argues that data validity and 

reliability are indispensable for trustworthy rankings. In this paper, we use QS World University Ranking (QSWUR) 

variables. QSWUR is the first international rankings to be independently audited and approved by the IREG 

Observatory on Academic Rankings and Excellence making it one of the leading world university ranking 

institution. Drawing from QS World University ranking, we establish academic reputation, employer reputation, 

student-to-faculty ratio, citations per faculty, international faculty ratio and international student ratio as our 

variables of interest. These variables are explained in the following section. 

 

Data Analysis:- 
Variables:- 

In this demonstration, we adopt the six performance indicator variables according to the QS World university 

rankings. According to QSWUR, these six performance variables cover the aspects of research, teaching, 

employability and internationalisation
2
. The variables are explained below. 

 

Academic Reputation:-This is measured through a global survey, in which academics identify institutions which 

they believe are currently conducting the best work within their respective academic fields. Regional weights are 

applied to counter any discrepancies in response rates. Higher values of academic reputation indicate better 

performance. 

 

Employer reputation:-Just like academic reputation, employer reputation is also based on a global survey. Here, 

employers identify universities which they perceive to be producing the best graduates. Unique to QSWUR, this 

variable aims to provide the level to which universities are viewed in the job market as reputable. Higher values 

indicate better performance. 

 

Student-to-faculty ratio:-This represents a measure of the number of academic staff employed relative to the 

number of students enrolled. This measure provides information on how a university is best equipped to provide 

small class sizes and a good level of individual supervision. Lower values indicate better performance. 

 

                                                         
1
http://chinadigitaltimes.net/2009/05/universities-in-fee-for-ranking-scandal/ 

2
http://www.topuniversities.com/qs-world-university-rankings/methodology 
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Citations per faculty:-This variable measures a university’s research impact by counting total citations in relation 

to the number of academic faculty members of the university. Scopus, a large database for citations and abstracts 

provides such citation counts. Higher values indicate better performance.  

 

International faculty ratio:-This reflects an institution’s success in attracting academics from other countries as a 

measure of internationalisation. Higher values indicate better performance. 

 

International student ratio:-This reflects an institution’s success in attracting academics from other countries as a 

measure of internationalisation. Higher values indicate better performance. 

 

In this demonstration, we use the above collection of variables to reflect university performance and consequently 

rank the universities via PCA. Whilst these variables are quality indicators, unlike QSWUR which assigns weights 

to these variables, this paper is interested in their joint contribution to quality in a multivariate sense. We do so by 

applying PCA, that is, investigating correlations between variables and further obtaining an overall measure by 

collapsing these correlated variables. We explain PCA in the section that follows. 

 

Principal Component Analysis:- 

Principal Component Analysis (PCA) is a nonparametric variable reduction technique which seeks to collapse a set 

of correlated variables into fewer uncorrelated variables as linear combinations of the original values. The extracted 

fewer variables should account for most of the variation occurring in the originally observed variables such that they 

can be used to provide summarised measures of quality.   

 

Given a random vector                    
  consisting of p random variables, having covariance matrix Ʃ and 

eigenvalue-eigenvector pairs                   (      ), where     ≥   ≥ … ≥    ≥ 0, the    principal 

component, say     is defined as       
                        for         where                 are 

the components of eigenvector   
 . This presents principal components as linear combinations of the original random 

variables.  

 

Further, it can be shown that:- 

1. If      
                       is any other linear combination of these original variables, then for 

the first principal component,                   . From this, we observe that that the principal 

components   can be used to capture the important signals aggregately contained in the original 

variables              . 

2.    (     )           . Here we observe that this can be done without redundancy.   

 

3.     
 

           
 
        , thus providing a means of identifying the contribution of each principal 

component since;  

 

                                                          
                                
                                                                             =     +   + … +    

In the event that the first few principal components capture a significant fraction of the total variance, then the new 

variables can replace the original variables without much loss of information. Standardization is required where 

variables are measured on different scales. However, in this study our data is standardized since scores for all 

variables are expressed as a percentage. 

 

Ranking Universities Using First Principal Component Analysis:- 

PCA is widely used in various research or statistical sectors. On ranking, (Manage & Scariano, 2013) demonstrated 

the use of PCA in ranking batsmen and bowlers in the Indian Cricket Premier League.  

 

In this paper we apply PCA to rank world universities. First, university scores for the variables identified in 3.1 were 

obtained from QS datasets
3
. We limit our analysis to 398 universities that have a full set of values. Some universities 

had missing values on some of the variables hence their exclusion from the analysis. For standardization, these 

                                                         
3
http://www.iu.qs.com/ 
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values were already converted into percentage scores by QS. Respective values for the variables discussed in 3.1 

were arranged into a (6x1)
t 
column vector of the form (Academic reputation, Employer reputation, Student to faculty 

ratio, Citations per faculty, International Faculty ratio, International students ratio) for each of the 398 universities 

and we refer to these as the quality vectors. In this study, we choose to use the following proxies;- 

 

Proxy Variable 

AR Academic Reputation 

ER Employer Reputation 

SFR Student to Faculty Ratio 

CPF Citations per faculty 

IFR International Faculty Ratio 

ISR International Students Ratio 

By using SPSS statistical software, a 6X6 correlation matrix is obtained to reflect the inherent correlation structure 

of these variables. Table 2 presents the correlation structure. 

Table 2: Correlation Matrix 

 AR ER SFR CPF IFR ISR 

Correlation AR 1.000 .693 .193 .353 .092 .150 

ER .693 1.000 .145 .192 .218 .298 

SFR .193 .145 1.000 -.056 .008 .091 

CPF .353 .192 -.056 1.000 .235 .227 

IFR .092 .218 .008 .235 1.000 .662 

ISR .150 .298 .091 .227 .662 1.000 

We observe in Table 2 that the variables are correlated to each other thus making it plausible to apply the non 

parametric PCA analysis. Further, in Table 3 we present the ordered eigenvalues and percentage of variability which 

is attributed to each. 

 

Table 3:- Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of 

Variance 

Cumulative % Total % of 

Variance 

Cumulative % 

1 2.288 38.137 38.137 2.288 38.137 38.137 

2 1.347 22.448 60.585 1.347 22.448 60.585 

3 1.030 17.167 77.752 1.030 17.167 77.752 

4 .749 12.478 90.230    

5 .332 5.541 95.771    

6 .254 4.229 100.000    

Extraction Method: Principal Component Analysis. 

 

The results in Table 3 show that about 78% of total variation is explained by the first 3 principal components. Also, 

the first 3 components are the only ones whose values are greater than one. Accordingly, we provide the eigenvalue 

eigenvector pairs for these 3 variables and present them in Table 4 below. 

Table 4:- Component Matrix
a
 

 Component 

1 2 3 

AR .711 .582 -.145 

ER .754 .415 -.005 

SFR .221 .344 .793 

CPF .534 -.029 -.563 

IFR .632 -.645 .128 

ISR .692 -.549 .218 

Extraction Method: Principal Component Analysis. A. 3 components extracted. 
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In table 5 we proceed to calculate the coefficients of the principal components which we identified in Table 5.  

Table 1:- Variable coefficients. 

 Component Coefficients 

 1 2 3 1/√λ1 2/√λ2 3/√λ3 

AR 0.711 0.582 -0.145 0.470047331 0.501463337 -0.14287275 

ER 0.754 0.415 -0.005 0.498474947 0.357572655 -0.00492665 

SFR 0.221 0.344 -0.793 0.146104726 0.296397574 -0.78136612 

CPF 0.534 -0.029 -0.563 0.353031328 -0.024987 -0.55474038 

IFR 0.632 -0.645 0.128 0.417820 -0.555745 0.12612215 

ISR 0.692 -0.549 0.218 0.457486291 -0.473030 0.21480178 

 

Therefore, according to results in Error! Reference source not found., we establish the following linear equations; 

                                                       

                                                       

                                                        

 

Further, for each university we calculate an   value being the total of        and    multiplied by the respective 

percentages of variation given in Error! Reference source not found., where; 

                               . Also represented as; 

  [                                                             ]
         [                                                            ]
         [                                                             ] 

We conclude the analysis by ranking universities according to their respective   values. The higher the   value, the 

better the rank. The ranking results are presented in Appendix A. 

 

Results and Discussion:- 
In Appendix A we provide PCA ranks against QS ranks. This paper attributes the differences between PCA ranking 

and QS ranking to the differences in their respective methodologies. As stated earlier on, “ranking systems produce 

different ranks for the same institution due to methodological differences which stem from selection of indicators 

(variables), weights, data collection and analysis” (Alma et al., 2016).  

 

Unlike in QS (and other similar methodologies) where the weights of the variables are predetermined
4
, PCA, by first 

extracting principal components, it establishes a relative scale of weights, not as predetermined but as a result. PCA 

thus establishes an objective performance scale for ranking.  Where weights are pre-determined, the choice of 

weights is often subjective and arbitrary, with little or no theoretical or empirical basis, hence small changes in the 

variable weights often alter the results without any tangible change between institutions. 

 

Conclusion:- 
Using the case of world universities, this paper has demonstrated how to apply Principal component analysis as a 

ranking tool. This paper sought not to disqualify other methodologies, but rather, to demonstrate PCA as a valuable 

ranking methodology. Although re-ranking was performed in this paper, such was only limited to comparing the 

PCA ranks against the QS ranks only for illustrative purposes. In this paper we therefore conclude that, by 

considering principal components which account for greatest variations, PCA provides an objective methodology for 

ranking. We consider PCA to be robust since it does not establish weights a priori, instead, the ranking is based on 

the principal components which maximize the explanation of the variances.   

 

 

 

 

                                                         
4
 AR 40%; ER 10%; SFR 20%; CPF 20%; IFR 5%; ISR 5%. 
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Appendix:- 
Table 2:- Ranking (**based on unrounded L value). (*rounded off to 1 d.p) 

PCA
 

R
a

n
k

*
*

 

Institute QS
 

R
a

n
k

ing
 

AR
 

ER
 

S
F

R
 

CP
F

 

IFR
 

ISR
 L1 L2 L3 *

L 

1
 ETH ZURICH (SWISS 

FEDERAL INSTITUTE OF 

TECHNOLOGY) 

  9
   

9
9
.9

 

9
9
 

7
8
.6

 

9
8
.8

 

1
0
0
 

9
8
 

229.193 4.4323 -97.2325 71.7 

2
 MASSACHUSETTS 

INSTITUTE OF 

TECHNOLOGY (MIT)  

  1
   

1
0
0
 

1
0
0
 

1
0
0
 

1
0
0
 

1
0
0
 

9
5
.5

 

232.1435 12.3285 -

115.167

5 

71.

5 

3
 IMPERIAL COLLEGE 

LONDON 

  8
   

9
9

.9
 

1
0

0
 

9
9

.9
 

7
9

.6
 

1
0

0
 

1
0

0
 226.9372 10.6099 -102.806 71.

3 
4
 UCL (UNIVERSITY 

COLLEGE LONDON) 

  7
   

9
9
.9

 

9
9
.8

 

9
8
.6

 

8
8
 

9
5
.5

 

9
9
.9

 

227.6863 12.5012 -

107.031

8 

71.

3 

5
 UNIVERSITY OF 

CAMBRIDGE 

  3
=

 

1
0
0
 

1
0
0
 

1
0
0
 

9
3
.7

 

9
6
.2

 

9
6
.6

 

228.8339 14.0722 -

111.919

6 

71.

2 

6
 UNIVERSITY OF OXFORD   6

   

1
0
0
 

1
0
0
 

1
0
0
 

8
8
.9

 

9
7
.8

 

9
6
.6

 

227.8083 13.2978 -

109.058

8 

71.

1 

7
 THE UNIVERSITY OF 

MELBOURNE 

  4
2
   

9
9

.8
 

9
9

.8
 

3
9

.5
 

8
0

.9
 

8
0

.1
 

9
7

.9
 209.1532 4.6363 -59.2974 70.

6 

8
 NATIONAL UNIVERSITY OF 

SINGAPORE (NUS) 

  1
2
   

1
0

0
 

1
0

0
 

9
2

.9
 

7
8

.9
 

1
0

0
 

9
2

.5
 222.2876 12.1523 -98.578 70.

6 
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9
 THE UNIVERSITY OF 

SYDNEY 

  4
5
   

9
9

.5
 

9
9

.4
 

3
9

.7
 

7
2

.7
 

9
9

.4
 

8
9

.8
 210.3133 -2.3007 -54.1756 70.

4 

1
0
 

THE UNIVERSITY OF NEW 

SOUTH WALES (UNSW) 

  4
6

=
 

9
6

.9
 

9
9

.6
 

3
6

.4
 

8
0
 

1
0

0
 

9
2

.7
 212.8621 -6.389 -54.5726 70.

4 

1
1
 

UNIVERSITY OF 

CALIFORNIA, BERKELEY 

(UCB) 

  2
6
   

1
0
0
 

9
9
.9

 

4
6
.9

 

9
9
.9

 

9
6
.8

 

7
9
.3

 

215.5648 6.0193 -77.5267 70.

3 

1
2
 

AUSTRALIAN NATIONAL 

UNIVERSITY (ANU) 

  1
9

=
 

9
9

.6
 

9
4

.4
 

6
8

.9
 

8
9

.4
 

1
0

0
 

9
6

.7
 221.4327 0.6045 -84.6628 70.

0 

1
3
 

LONDON SCHOOL OF 

ECONOMICS AND 

POLITICAL SCIENCE (LSE) 

  3
5
   

9
3
.8

 

1
0
0
 

6
5
 

7
7
.6

 

1
0
0
 

1
0
0
 

218.2688 -2.7286 -73.5688 70.

0 

1
4
 

UNIVERSITY OF 

EDINBURGH 

  2
1
   

9
9

.7
 

9
8
 

8
5

.3
 

7
1

.5
 

9
3

.1
 

9
7

.9
 217.0124 10.4962 -88.1983 70.

0 

1
5

 

UNIVERSITY OF HONG 

KONG (HKU) 

  3
0

=
 

9
9

.5
 

9
7

.4
 

8
4

.5
 

5
6

.3
 

1
0

0
 

9
8

.6
 214.3413 6.1417 -78.1012 69.

7 

1
6
 

THE UNIVERSITY OF 

MANCHESTER 

  3
3
   

9
9

.3
 

9
9

.9
 

7
9

.4
 

6
1

.9
 

8
3

.9
 

9
7

.1
 209.3092 14.9536 -79.5555 69.

5 

1
7
 

HARVARD UNIVERSITY   2
   

1
0
0
 

1
0
0
 

9
8
.6

 

1
0
0
 

9
9
.9

 

7
6
 

222.9858 21.1932 -

118.279

2 

69.

5 

1
8
 

NANYANG 

TECHNOLOGICAL 

UNIVERSITY (NTU) 
  1

3
   

9
5
.3

 

9
7
.5

 

9
4
.2

 

8
6
.5

 

1
0
0
 

9
4
 

222.3917 8.3955 -

102.796

6 

69.

1 

1
9
 

STANFORD UNIVERSITY   3
=

 

1
0
0
 

1
0
0
 

9
9
.5

 

9
9
.9

 

9
7
.6

 

7
2
.8

 

220.6581 24.2544 -

119.904

5 

69.

0 

2
0
 

MONASH UNIVERSITY   6
7
   

9
4

.5
 

9
6

.9
 

2
6

.6
 

6
7

.1
 

9
8

.4
 

9
3

.7
 204.1932 -10.7326 -39.4021 68.

7 

2
1
 

KING'S COLLEGE LONDON 

(KCL) 

  1
9

=
 

9
5

.2
 

9
5

.9
 

8
9

.9
 

7
7

.5
 

9
5

.4
 

9
8

.2
 217.7397 7.2868 -94.1066 68.

5 

2
2

 

UNIVERSITY OF TORONTO   3
4
   

9
9

.9
 

9
5

.6
 

8
2

.6
 

5
7

.3
 

9
7

.1
 

9
0

.3
 208.7032 10.6496 -79.3694 68.

4 

2
3
 

THE UNIVERSITY OF 

WARWICK 

  4
8
   

9
0

.4
 

9
9

.7
 

6
2

.4
 

6
6

.3
 

9
3

.5
 

9
8

.1
 208.5676 -0.5251 -66.0178 68.

1 

2
4
 

MCGILL UNIVERSITY   2
4
   

9
9

.1
 

9
4

.7
 

8
0

.8
 

7
0

.4
 

8
8

.3
 

9
2

.3
 209.4761 13.0262 -85.7809 68.

1 

2
5
 

THE HONG KONG 

UNIVERSITY OF SCIENCE 

AND TECHNOLOGY 

(HKUST) 

  2
8
   

9
4
.3

 

9
1
.8

 

6
5
.8

 

8
9
.4

 

1
0
0
 

9
7
 

217.3314 -4.0411 -81.4063 68.

0 

2
6
 

ECOLE POLYTECHNIQUE 

FÉDÉRALE DE LAUSANNE 

(EPFL) 

  1
4
   

8
9
.1

 

9
3
.6

 

9
3
.6

 

9
9
.3

 

1
0
0
 

1
0
0
 

224.7083 0.5703 -

107.223

1 

67.

4 

2
7
 

UNIVERSITY OF CHICAGO   1
0
   

9
9
.9

 

9
6
.3

 

9
3
.8

 

9
1
.5

 

7
3
.4

 

8
1
.6

 

208.8771 30.6869 -

111.923

6 

67.

3 

2
8
 

CORNELL UNIVERSITY   1
7
   

9
9
.9

 

9
6
.7

 

7
3
.9

 

9
7
.1

 

9
0
.2

 

6
6
 

208.0409 22.8433 -

100.723

3 

67.

2 

2
9
 

CALIFORNIA INSTITUTE OF 

TECHNOLOGY (CALTECH) 

  5
   

9
9
.8

 

8
9
.6

 

1
0
0
 

1
0
0
 

9
0
.2

 

8
5
.2

 

218.0668 18.8258 -

118.536

2 

67.

0 

3
0
 

YALE UNIVERSITY   1
5
   

1
0

0
 

1
0

0
 

1
0

0
 

7
1

.3
 

8
9

.9
 

6
5

.5
 204.0806 32.8229 -

106.990

66.

8 
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6
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 141.6851 27.242 -79.935 46.
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1
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4
 

TOHOKU UNIVERSITY   7
4
   

8
6
 

7
2
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9
7
.1

 

6
1
.4

 

1
6
.5

 

1
8
.4

 

127.4824 78.2886 -

116.474
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46.
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4
5
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(UCM) 
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UNIVERSITY 
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.2
 

7
1

.5
 

4
.

2
 

8
3

.3
 

4
7

.7
 135.4455 7.3955 -44.1178 45.
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 AMERICAN UNIVERSITY OF 
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