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Abstract—Egypt has the largest and most significant higher
education system in the Middle East and North Africa but it had
been continuously facing serious and accumulated challenges.
The Higher Education Institutions in Egypt are undergoing
important changes involving the development of performance,
they are implementing strategies to enhance the overall
performance of their universities using ICT, but still the gap
between what is existing and what is supposed to be for the self-
regulation and improvement processes is not entirely clear to face
these challenges. The using of strategic comparative analysis
model and tools to evaluate the current and future states will
affect the overall performance of universities and shape new
paradigms in development of Higher Education System (HES),
several studies have investigated the evaluation of universities
through the development and use of ranking and benchmark
systems

In this paper, we provide a model to construct unified
Composite Index (Cl) based on a set of SMART indictors
emulate the nature of higher education systems in Egypt. The
outcomes of the proposed model aim to measure overall
performance of universities and provide unified benchmarking
method in this context. The model was discussed from theoretical
and technical perspectives. Meanwhile, the research study was
conducted with 40 professors from 19 renowned universities in
Egypt as education domain experts.

Keywords—Key Performance Indicators; Composite Index;
Analytic Hierarchy Process; Performance Measurement; Higher
Education Institutions; Ranking Systems; Benchmark Models

l. INTRODUCTION

Egypt has the largest education system in the Middle East
and North Africa and it has grown rapidly since the early
nineties, according to the Human Development Index (HDI)
2013 report, Egypt is ranked 121 in the HDI, and number 7 in
the Medium HDI countries in Africa [1]. The higher education
system in Egypt has around 2,646 million students were
enrolled across all tertiary levels. They attended one of 24
public universities, including Al-Azhar University, the oldest
continuously running university in the world; 18 private
universities including non-for-profit Nile University; 3 private
Academies; 58 public non-university institutions and 137
private higher or middle institutes, as shown in Table I. Non-
university institutions are middle technical institutes offering
two-year courses and higher technical institutes offering four-
year courses. Since 25 January revolution, seven new
universities have been created. Based on strategic plan of
Supreme Council of Universities (SCU) in Egypt [2], about
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4,771 million students are expected to enroll in 2021 across all
tertiary levels.

TABLE I. FACTS ABOUT HIGHER EDUCATION SYSTEM IN EGYPT
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The Ministry of Higher Education supervises the tertiary
level of education and in order to improve the quality of a
university services, it has established a committee for the
reform of higher education known as the Higher Education
Enhancement Project (HEEP) committee. Higher education
reform strategy included 25 projects addressing all the reform
domains up to our knowledge till 2017, the most important
project know as Information and Communications Technology
Project (ICTP). This project adopted a service category
stakeholder approach to quantify the ICT needs of academic
institutes [3]. The services include IT infrastructure
improvement and provide integrated network infrastructure
between all universities; implementing unified Management
Information System (MIS) [4] and Decision Support System
(DSS) as administrative computing systems for each
university and technical institute; implementing a web portal
for each university; establishing a union catalogue index for
the university libraries; training employees and staff members
on IT usage; implementing unified eLearning solution and
providing access to digital libraries and federated search tools
to Egyptian scholars . Each higher education institute has all
of the above services and resources, which has a well overall
impact on performance of the higher education institute.
Otherwise, no single university, however large, can encompass
all knowledge. Every university has to make choices. It is
demanding to be world-class university [5] in even a few
academic area. Each university has to priorities the use of its
resources and use them to improve overall performance and
increase service quality. Knowing whether it is succeeding in
its aims is another more demanding level of difficulty. The
key challenging question is how universities’ leaders will
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know where their institutions stand and how they can be
improved [6, 7]. The gap between what is existing and what is
supposed to be for the self-evaluation and improvement
processes is not entirely clear. For that, the comparative
experiences from other universities may help shed the light on
possible solutions to provide both strengths and weaknesses in
the present strategic context.

In the literature, the methodology of university ranking has
gained a considerable importance among higher education
institutions [8, 12], a fair view can usually be drawn from the
outcomes of indicators [9]. Common stakeholders in higher
education, decision makers and researchers are definitely keen
to know the position of the institutions and figure out the key
reasons behind ranking results and outcomes to improve
strategic planning, reviewing overall performance, improve
operations, change management, compare performance with
comparable institutions or with “best practices” benchmarks
and to assist their institutions in evaluation, decision making,
and improvement processes [10, 23].

This paper provides theoretical and technical framework as
a benchmark for measuring the overall performance of higher
education institutions in Egypt .The proposed model creates a
mixed criteria Composite Index (CI) relative to a set of
weighted and aggregated Key Performance Indicators (KPI),
illustrated in a scientific manner. Attention is focused on using
Analytic Hierarchy Process (AHP) to weight and aggregate
[29, 11] the indicators used by the proposed composite index.

This paper is structured as follows: Section 2 describes the
related work. Section 3 describes the used analysis
method .The use of the method is illustrated by a case study in
Section 4. Section 5 demonstrates experimental results.
Section 6 presents conclusions and suggestions for future
work.

Il.  RELATED WORK

A. Ranking Systems

There are about 50 ranking systems in use around the
world which use several of different key performance
indicators. Several academic institutions, media organizations,
governmental or non- governmental agencies [10] have
already conducted ranking methodology on global, regional
and national bases for higher education systems. The
countries, which conduct rankings of universities, departments
or programs, include Australia, Canada, China, Hong Kong,
India, Spain, UK, US, etc. These countries have diverse
systems of ranking based on different criteria covering
indicators related to students, faculty, research publications,
research funding and grants, alumni donations, graduation
rates, social mobility, ethics of service to country, peers,
finances, infrastructure, and reputation. These indicators
broadly fall into seven subjects, student outcomes, financial
inputs and outcomes, and staff outcomes, student experiences,
learning and teaching outcomes, research outcomes and
reputation [12]. The most famous ranking systems, Shanghai
Academic ranking of world Universities (ARWU); Times
Higher Education world university ranking (THE-QS);
Webometrics ranking of world Universities; Taiwan Higher
Education Accreditation and Evaluation Council (HEEACT).

The scope of world ranking systems are generic and do not
focus on issues on issues related to region or local strategies,
which may lead the decision maker to reform strategies based
on ranking improvement for other countries rather than to do
the right for the local setting. In general, the presence of
Egyptian universities in global ranking systems is not bad, but
this does not mean that Egyptian universities use these rates to
improve their performance compared with others standard and
leaders universities. The focus on the ranking systems results
dispatch resources utilization away from success improvement
factors related to certain issues because there are no criteria
that measure those. In this paper, we focus on set of KPIs that
are related to Egypt country strategy for higher education
system.

B. Analytic Hierarchy Process (AHP)

As data analysis method, AHP was used in the study. AHP
was firstly put forward in 1968s by Myers and Alpert and was
developed and transformed to a usable model in resolutions of
deciding problems as analytical techniques for complex
decision making problems by Saaty in 1977s [13, 22]. In AHP
method, quantitative values like price, weight, or area, or even
subjective opinions or qualitative items such as feelings,
preferences, or satisfaction, can be translated into measurable
numeric relations. AHP belongs to the multi-criteria decision
making methods (MCDM) group, an estimation method that is
used in cases in which a decision hierarchy is present and that
interpret per cent distributions of decisions points, in terms of
factors affecting the decision. AHP on a decision hierarchy, is
based on pairwise comparisons to determine significance
values of decision points, in terms of the factors that affect the
decision using a comparison scale identified beforehand.
Significance differences, ultimately, turn into per cent
distributions on decision points. AHP has been used in fields
of higher education such as scientific analysis, ranking and
evaluation systems [14, 15, 16, and 24].

Practice process of AHP consists of five steps. In creation
of hierarchy, the first step, the purpose of AHP method usage
is defined and the hierarchical structure related to the purpose
is set forth (Wind and Saaty, 1980) and reflect the relationship
between the purpose of the comparison and the result that is
desired to be obtained. The hierarchical structure includes
main and short-listed sub-criteria containing the decision goal.
The second step is the arrangement of binary comparison
matrixes in which main or sub-criteria are compared with
alternatives between each other. While the mutual comparison
of the factors are done, the evaluation scale recommended by
Saaty (1994) defined in Table Il is used. This scale consists of
importance scales that are defined froml to 9. A criterion
which is compared with itself, is always assigned the value 1,
so the main diagonal entries of the pairwise comparison matrix
are all 1. The numbers 3, 5, 7, and 9 correspond to the verbal
judgments ‘moderate importance’, ‘strong importance’, ‘very
strong importance’, and ‘absolute importance’ (with 2, 4, 6,
and 8 for compromise between the previous values). Every
two factors are enumerated mutually with one of these
numbers. While creating comparison matrices, it is questioned
on how much important the factor on the row when compared
the one on the column. The intermediate values are the values
that can be chosen by the decision maker if he is in dilemma
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between two main values. If criterion A, is of stronger
importance than that of criterion B then the comparative value
7 is given, if they have equal importance then the comparative
value 1 is given. In this case, the criterion B takes the value
1/7 or 1 when compared to A. Because the reverse of the same
criteria are the reverse of the same point according to
multiplication. The third step of AHP is the creation of
normalized matrixes and the occurrence of each factor’s
significance level. The fourth step of the method is the
determination of the fact that whether the matrixes are
consistent or not; the fifth step and the last stage, on the other
hand, is the assignation of priorities. These five steps
belonging to AHP method were followed through, elaborated
calculations and equations discussed in the following section.

TABLE II. AHP SCALE FOR PAIRWISE COMPARISONS
The Fundamental Scale for Pairwise Comparisons
Intensity of " .
Importance Definition Explanation
Two elements contribute equally to the
1 Equal importance objective
3 Moderate importance Experience and judgment moderately
favor one element over another
5 Strang importance Experience and judgment strongly favor
one element over another
One element is favored very strongly
7 Very strong importance | over another; its dominance is
demonstrated in practice
The evidence favoring one element
9 Extreme importance over another is of the highest possible
order of affirmation
Intensities of 2, 4, 6, and 8 can be used to express intermediate values. Intensities of
1.1, 1.2, 1.3, etc. can be used for elements that are very close in importance.

C. Composite Indicators

Generally, a composite indicator is formed when
individual indicators are compiled into a single index on the
basis of an underlying model. It is tailored wide-model for
benchmark simulation and comparative analysis purposes,
comparisons can be used to illustrate complex and elusive
issues in wide-ranging fields, e.g., environment, economy,
society or technological development. Steps followed to
construct any composite index are listed as follows, (1)
theoretical and conceptual framework should be developed to
provide the basis for the selection and combination of single
indicators into a meaningful composite indicator under a
fitness-for-purpose principle; (2) indicators should be selected
on the basis of their analytical soundness, measurability,
relevance to the phenomenon being measured and relationship
to each other; (3) consideration should be given to different
approaches for imputing missing values; (4) exploratory
analysis should investigate the overall structure of the
indicators, assess the suitability of the data set and explain the
methodological choices like weighting, aggregation; (5)
indicators should be normalized to render them comparable;
(6) indicators should be aggregated and weighted according to
the underlying theoretical framework; (7) analysis should be
undertaken to assess the robustness of the composite indicator
in terms; (8) testing should be applied in the real data; (9)
attempts should be made to correlate the composite indicator
with other published indicators, as well as to identify linkages
through regressions; and (10) composite indicators can be
visualized or presented in a number of different ways, which
can influence their interpretation. Indeed, general public easily

can analyze composite index outcomes than identifying
common trends across detailed indicators [17]. Bandura in
2006 considered an inventory of 165 composite indexes in the
development space [18].

I, ANALYSIS METHOD

In order not to sever the ties with the main theme of the
study, findings related to demographic features, theoretical
framework development, data selection, rehearse meetings and
multivariate analysis steps with the ICTP professors as
education experts have not been discussed here in detailed,
also others points related to survey design methodology over
data collection up to reliability and validity in practical testing
are not discussed.

There are several techniques based on Multi-Criteria
Decision Analysis (MCDA), we have selected the popular
Analytic Hierarchy Process (AHP) this techniques support
decision making through “Pairwise Comparisons” which uses
comparison between pairs to build our weighted composite
index. The block diagram in Fig.1 show the methodology used
to collect responses from domain experts. The survey website
populated the history database with records. Microsoft SQL
Server stored procedures are invoked by an admin module to
execute AHP algorithms then display the results to decision
makers. In the algorithms, the priorities are calculated using
the row geometric mean method (RGMM) [26], either
aggregation of individual priorities (AIP) for individual
participants, or an aggregation of individual judgments (AlJ)
[25] based on the weighted geometric mean method (WGMM)
of all participants’ judgments can calculated, alerts and
notifications for judgment exceed level of consistency are
implemented. The consistency ratio (CR) and the geometric
consistency index (GCI) are calculated. The judgment matrix,
normalized principal Eigen vector and ranking of priorities are
visualized in dashboard as presentation layer.
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Fig. 1. Block diagram of the proposed system

IV. CASE STUDY

A. Constructing the Compsite Index

As discussed earlier, there are steps followed to construct
the composite index, these steps has categorized and grouped
into four phases as shown in Fig.2 phase one present the
techniques used to develop the theoretical and conceptual
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framework, using these topics (1) Theoretical framework; and
(2) Data selection.

Define the main problem
and targets
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Fig. 2. Life-cycle of proposed Composite Index

Phase two present the operation and calculation methods
used to build the proposed composite Index, based-on (3)
Weighting and aggregation methods; (4) Normalization
methods; and (5) Consistency and Uncertainty Analysis. Phase
three focus on the results extraction, using (6) Presentation and
Visualization techniques. Phase four focus on the mechanisms
used to enhance the outcomes of composite Index after the
dissemination stage, based-on (7) Back to details on the real
data; (8) Links to other variables; (9) Imputation of missing
data; and (10) Multivariate analysis; Meanwhile, the steps
listed regarding phase four postponed as feature work.

B. The Theoretical Framework and Variables Selection

The first stage of case study implementation, hierarchy,
has been generated and shown in Fig.3, which is basically
composed by three levels: the goals, the main-criteria (KPIs’
Areas), the sub-criteria (set of KPIs under each area) and the
alternatives that used to achieve the research target.

The key performance indicators were discussed and
ascertained by the education experts and these indicators were
classified on the basis of business functions, each KPI has
been carefully selected according to the global standard of
higher education benchmark and belong to the Egyptian
situation. Moreover, the KPIs follow the SMART criteria.

This means the measure has a specific purpose for the
business, it is measurable to really get a value of the KPI, the
defined norms have to be achievable, the improvement of a
KPI has to be Relevant to the success of the organization, and
finally it must be time bound, which means the value or
outcomes are shown for a predefined and relevant period. The
definitions of the indicators concerning the codes and main
area illustrated in Table I11.

Objective main-criteria (Area)

Sub-criteria (KPIs) Alternative

AIM: To create a set of common performance

indicators, significance levels of which were
determined, and that can be used in Higher Education

Institutions in Egypt

[ o | EEEEE}—

N T 1 | 2] [

The set of identified and weighted performance

indicators for Higher Education Institutions in Egypt

Fig. 3. Hierarchic structure of the problem
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TABLE III. HIERARCHICAL STRUCTURE OF THE PROBLEM
Area | Code Indicator Description
S1 %\:ﬁ:/ﬂ)ll) Student  satisfaction Proportion of students expressing satisfaction with overall experience in student survey
2 S2 Completion Proportion of students scheduled to graduate succeeding in doing so (undergraduate - postgraduate )
g
O - - .
E s3 Retention rate Percentage of first-time freshmen students who return for the fall of the following year (dropout after one
year & two year )
j2]
g
g S4 Granted Degrees Number of degrees granted to students (Master-Doctoral)
wn
S5 participation Percentage of students trained in public or private sectors annually
S6 Scholarships and bursaries Number of students receiving Honors Scholarship
R proportion of academic faculty with earned doctorates to be equivalent to international proportions against
é F1 Faculty qualifications number of junior staff
o
S
3 F2 Attainment Number of full-time faculty (teaching and administrative) with Offered degrees
(%2}
(<5}
§ F3 Publications Number of annual publications by faculty
(551
[N
F4 Efficiency Number of faculty engaged in international research activities
Tl Faculty to student ratio The ratio of full-time faculty to full-time students
T2 rF;tnglty to Administrative staff The ratio of full-time faculty to Administrative staff ratio
j=2]
g T3 Satisfaction ~ with  teaching | Proportion of students expressing satisfaction with teaching through student survey (Teaching Methodology ,
§ (Survey) Staff , Courses)
-
o
= T4 Further study Proportion of students pursuing further study within 12 months of graduation
£
Q
§ T5 Gender balance The ratio of recognition of gender parity
T6 Graduate employment rate Percentage of alumni reporting being employed 24 months after graduation
T7 Continuous improvement Number of new programs offered by university
R1 Citations per paper Normalized average citations per paper
§ R2 Papers per faculty Average of research papers per faculty
[+
§ R3 Research excellence & outputs Number of cited papers or articles in high impact journals
o4
R4 Research funding Average Amount of postgraduate students from university budget of research
5 Al Environmental impact (Survey) | Performance against a Survey of environmental indicators
(=1
(=}
§ A2 Low-income outreach Proportion of students identified as low-income OR investment in promotion to low-income families
=
5
% A3 Internal migration Proportion of overseas students from other governorates and non-foreign
El International outlook Number of ranking performance in specific disciplines or overall in one of international Ranking system
c
o
b= E2 Distinguished Alumni Number of Alumni whom listed in distinguished list
>
[=1
& - . Number of faculty members or Alumni achieving international recognition through awards (e.g. Nobel
E3 Prolific academic experts - -
Laureates or Fields Medalists)
é § - 11 International faculty Proportion of international faculty
= ©
E g 12 Visiting scholars Number of visiting professors from international universities

9% |Page
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13 International students

Proportion of international students

14 Outbound exchange students

Proportion of outbound exchange students

15 Recognized accreditations standards

Number of Programs or Research projects accredited by national or internationally recognized and applicable

16 Patents

Number of Active patents registered with national or international patent offices

Areas = main-criteria
Indicators = sub-criteria

C. Weighting and Scoring the Compsite Indectors

A web site was designed, developed and published to
enable education experts to fill a pairwise comparison
questionnaire, as shown in Fig.4, that illustrate the main aim
of composite index.

“ You Can't improve What
You Don't Measure _.

Fig. 4. The proposed website for data collection

The questionnaire has 90 pairwise comparison questions
express hierarchical structure combination between main-
criteria as main areas of KPIs , and sub-criteria as common set
of performance indicators that used in higher education
performance measurement, as shown earlier in Fig.3.

These indicators were classified on the basis of business
functions to: (1) students indictors; (2) faculties indictors; (3)
teaching & learning indictors; (4) research indictors; (5)
students support indictors; (6) reputation indictors; and (7)
internationalization indictors. The GUI shown in Fig.5

displays a part of pairwise comparison questions for a set of
key performance indicators related to students support area.

Leg:nu Page Number : 68
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Fig. 5. Simple pairwise comparison page

Each question represented as two-dimensional ruler to
identify importance of pairwise, as shown in Fig.6, importance
selection based on evaluation scale defined in Table II.

From Your Point of View
Which and How much more important in comparison between these items
ftem (A) Item (B)

Students Outcome

9008070608403 2009 0208040570809 Faculty Ouicome

Fig. 6. Simple of question as two-dimensional ruler

One-to-one comparisons of factors correlatively, which is
the second stage, the 1-9 evaluation-scale used is shown in
Table Il. The results of questionnaire survey given by the
universities’ professors in accordance with the evaluation
scale are translated into pairwise comparison matrix then
calculated in order to obtain geometric mean using the row
geometric mean method (RGMM), and then to start weighting
process.

In order to count the number of comparisons for
combination of sixteen KPIs grouped in seven areas, can be
represented as:

n(n—l) {Zm(m—l)/Z} m,n > 0 (D

Where n= number of main-criteria’s items (KPIs Areas)
and m= number of sub-criteria’s (KPIs list that categorized
under area).

7(7—-1) (30+12+42+12+6+6+30
- +{ ) } =90
This number reflects the total number of all pairwise
comparisons rows and questionnaire questions, while the
number of pairwise comparisons per each iteration for
comparison matrix, can be represented as = 1+n =1+7=8. For
each iteration, number of comparisons is n (n-1)/2.

The Aggregation of Individual Judgments (AlJ) [25]
technique used in this case study. For the consolidated
decision matrix Z that combines all k participants’ inputs to
get the aggregated group comparative matrix (judgment
matrix), the weighted geometric mean method (WGMM) of
the decision matrices attribute rijey using the individual
decision maker’s weight wk as given,

N Zk=1 wk Inrij(k)
Zij = exp Tk 2)

The pairwise comparison of attribute i with attribute j
yields a square matrix AM x M for M attributes where ri
denotes the comparative importance of attribute i with respect
to attribute j. In the matrix, rij= 1 when i = j and rji= 1/ri.
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Attribute | 2 3 - M

1 i 2o --- --- iy

2 mo o --- --- M

AMx M = 3 31 32 r33 3sm
M ™M1 'v2 ™3 - -t InMm

The relative normalized weight (wj) of each attribute

founded by (1) calculating the geometric mean of i row, this
can be represented as,

M \1=M

GM;j = H_[ I‘ij} 3)

j=1

The row geometric mean method (RGMM) [25] is used to
find out the relative normalized weights of the attributes to
find out the maximum Eigen value easily and to reduce the
inconsistency in judgments; and (2) normalizing the geometric
means of rows in the comparison matrix , this represented as

follow,
M
wj = GMj/Z GM; 4
j=1

The normalization process performed hereby and
determination of significance levels are the third stage. Since
the relative importance of different indicators is compared and
judged, the fourth stage started because the personal error
existed makes the consistency test necessary to make sure if
the calculated weight vector value is scientific and rational.
The maximum eigenvalue of the judgment matrix calculated

as follow,
M M
A max = iz Zr“W'/W' (5)
I max = M 4 ij Wj i

=1

The value of consistency index (CI) obtained from below
formula, the smaller of CI is the deviation from the
consistency,

A
_( max—M)

The random index (RI) for the number of attributes used in
decision making. Table 1V presents the RI values for different
number of attributes.

TABLE IV. RANDOM INDEX (RI) VALUES
n 123 4 5 6 7 § 9 10 11 12 13 14 15
RI 0 0 052 089 111 125 135 14 145 149 151 154 156 157 159

The consistency ratio (CR) calculated to consider the
acceptance of the study and it reflects an informed judgment
that could be attributed to the knowledge of this case when the
value of CR less than 0.1 or equal. Usually, the consistency
ratio the ratio of Cl and RI, represented as follow,

CR= CI/RI (7

In 2006, Alonso and Lamata have computed a regression of
the random indices and propose the formulation [27]:

_ 1 max — M
(27699 M — 4.3513) — M

CR ®)

In this case study, Alonson, Lamata used to fit resulting of
consistency ratio. The Geometric Consistency Index (GClI)
also, used to measure consistency, GCI have been developed
in order to discover contradictory judgments, the value of GCI
= 0.3147 for M = 3, GCI = 0.3526 for M = 4 and GCI = 0.370
for M > 4 will be accepted based on Aguarén and Moreno-
Jiménez determination [28], and it is calculated using:

Wi
2 Zklln Iij — anJ

mM-pM-2 O
The fifth stage in implementation, the overall or composite
performance scores for the alternatives obtained by
multiplying the relative normalized weight (wj) of each
attribute with its corresponding normalized weight value for
each alternative and making summation over all the attributes
for each alternative.

GCI =

M
Pi = Z Wj (mij) normal (10)
j=1
Where (mij) normal represents the normalized value of
(mij). Pi is the overall or composite score of the alternative Ai.
The alternative with the highest value of Pi is considered as
the best alternative. Based on the methodology and
hierarchical structure in this section, there are 8 pair-wise
comparison matrices evaluated by 40 professors from 19
renowned universities in Egypt, in addition, they are
responsible about Education System development in ICTP
project as MIS managers in their universities. The group
comparative matrix for the main criteria, as show in Table V,
its analysis illustrated as following,

TABLE V. THE GROUP COMPARATIVE MATRIX FOR THE MAIN CRITERIA
1 14/5 2/5 2/5 1 21/8 2/3
5/9 1 1/4 1/3 3/4 14/9 8/9
23/5 3213 1 1 2 14/5 13/7
2172 31/5 11/9 1 11/2 2112 14/9
1 13/8 1/2 2/3 1 13/8 11/5
1/2 2/3 5/9 2/5 3/4 1 7/8

1172 11/8 5/7 2/3 5/6 117 1

The relative normalized weight obtained using Eqg. (3) and
Eq. (4), wl= 0.118, w2=0.085 w3=0.229, w4=0.228,
w5=0.125, w6=0.087, w7=0.0.128, the maximum Eigen value

A max computed from Eq.(5), Lambda(max) = 7.186, and
consistency index Cl = 0.031 from Eq.(6) as shown in same
figure , the consistency ratio where random index (RI) of 7
attributes= 1.35 , (CR) value is 0.023 , and GCI is 0.09, by
these consistency values , we claims that the feedbacks of the
education expertise and decision makers are consistent. After
the normalization process in the main-criteria which are seven
performance indicators' significance levels are calculated
according to the higher education experts. The most important
indicators for them in higher education sector have been
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identified as teaching & learning indicators, according to the
findings teaching & learning indicators have (22.9%), research
indicators have (22.8%), internationalization indicators have
(12.8%), students support indicators have (12.5%), student’s
indicators have (11.8%), reputation indicators have (8.7%),
and faculty outcomes have (8.5%) importance as shown in
Fig.10.

Fig.12 determines the significance levels of 4 research
indicators among themselves and present aggregated group
judgment matrix of these sub-criteria. The significance levels
of research indicators are; research excellence and outputs
(35.9%); research funding (27.5%); citations per paper
(19.3%) and papers per faculty (17.1%). The value of Lambda
is 4.025, CR related to this matrix is 0.9 and GCI is 0.03.
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Table| Criterion Comment Weights
1 Students Outcom et of indicators that measure the performance of students and studen 11.8%
2 Faculty Outcome | Set of indicators that measure the performance of faculty and faculty ou)”  8.5%
3 Teaching & Lear Set of indicators that measure the performance of teaching & leamning 11 22.9%
4 Reserch Set of indicators that measure the performance of academic reserch of | 22.8%
5 Students Suppor| Set of indicators that measure the performance of university that take call 12.5%
6 Reputation QOutside influences that can impactin university ranking , measuredbyg 8.7%
7 Internationalisatiq Set of indicators that measure the performance of university romintern]  12.8%
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Fig. 10. Analysis and results of main-criteria (indictor’s area)

The aggregated group comparative matrix of others levels
and iterations calculated and tested in the same way.

V. EXPERIMENTAL RESULTS

After comparison of main-criteria, comparisons and
normalizations of performance indicators that are sub-criteria
have been carried out. The second, the third and the fourth
stages of AHP are repeated herein respectively. Teaching &
learning indicators based on sub-criteria in Fig.11, and
significance levels calculated after normalization are shown.

Table| Criterion Comment VWeights
Faculty to studen{The ratio of full-time faculty to full-ime students 26.6%
Faculty to AdmingThe ratio of full-time faculty to Adminstrative staff ratio T7.6%

Satisfaction with {Proportion of students expressing satisfaction with tea[ 16.1%
Further study Proportion of students pursuing further study within 12| 11.4%
Gender balance |The ratio of recognition of gender parity 7.0%

Graduate employPercentage of alumni reporting being employed 24 mq  14.1%
Continuous impr{Number of new programs overed by university A7 4%
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. Facuftyto student ratia
o Facuttyto Adminstrative staff ratio
Lo Satifaction with teaching (Survay)
= Furtherstudy

1 Gender balance

o Graduate employment rate

1 Continuous improvement

Faculty to studsre ratio 413 1415 0266

Faculty to Adminstrative staff ratio 0.076
Satisfaction with teaching [Survey) 0.161
Further study 0114

Gender balancs 0.070

Graduste smployment rate 0.141
Continuous improvement 0.171

Fig. 11. Analysis and results of teaching & learning indicators

Fig.11 determines the significance levels of 7 teaching &
learning indicators among themselves and present aggregated
group judgment matrix of these sub-criteria. The significance
levels of teaching & learning indicators are; faculty to student
ratio (26%) ; continuous improvement (17.1%); satisfaction
with teaching (survey) (16.1%); graduate employment rate
(14.1%); further study (11.4%); faculty to administrative staff
ratio (7.6%) and gender balance (7%) .The value of Lambda is
7.177, CR related to this matrix is 0.022 and GCI is 0.08.

Table| Criterion Comment Weights | Rk
1 Citations per papNormalised average citations per paper 194% | 3
2 Papers perfaculjAverage of research papers per faculty 171% | 4
3 Reserch exceller|Number of cited papers or articles in high impact journals 35.9% |09
4 Research fundinjAverage Amount of postgraduate students from university budge| 27.6% | 2

Result|  Eigenvalue lambda:[ 4.025]
Consistency Ratio 037 GCH CR
a
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Aggregated Group iz 5 - Normalized Principal
Comparative Matrix o é 2 £ Eigenvector
B oz % 3
2 = 3 3
2 T 8 8
5 & e
1 2 3 4
Citations per paper | 1 W6 12 34 0.194
Papers per faculty | 2 25 34 0.171
Reserch sucellence & outputs | 3 0.359
Research funding | 4| 1318 113 1 0.276

Fig. 12. Analysis and results of research indicators

Fig.13 determines the significance levels of 6
internationalization indicators among themselves and present
aggregated group judgment matrix of these sub-criteria. The
significance levels of internationalization indicators are;
recognized accreditations  (24.0%); patents (23.5%);
international faculty (19.5%); outbound exchange students
(13.0%); visiting scholars (10.5%) and international students
(9.5%). The value of Lambda is 6.055, CR related to this
matrix is 0.09 and GCl is 0.03.

Table| Criterion Comment Weights | Rk

1 International facyProportion of international faculty 19.5% 3

2 Visiting scholars |Number of visiting professors from international univg. 10.5% 5

3 International studProportion of international students 9/5% &

4 Qutbound exchar|Proportion of outbound exchange students 13.0% 4

5 Recognized accr{Mumber of Programs or Research projects accreditey 24.0% 1

6 Patents MNumber of Active patents registered with national or il 23.5% 2
Result Eigenvalue lambda:[ 6.055]
Consistency Ratio 037 o003 =23 =R

Hormalized Principal

Aggregated Group
Eigenvector

Comparative Matrix

un Recognized acciediations
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kre = | 3 0.10
Olubound snchange sudsces | 013
Recognized scoreditations | 9 0.24
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Fig. 13. Analysis and results of Internationalization indicators

Fig.14 determines the significance levels of 3 Students
Support indicators among themselves and present aggregated
group judgment matrix of these sub-criteria. The significance
levels of students support indicators are; low-income outreach
(48.0%); environmental impact (survey) (33.3%); and Internal
migration (18.7%). The value of Lambda is 3.046, CR related
to this matrix is 0.048 and GCl is 0.14.
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Table| Criterion Comment Weights | Rk
1 Environmental injPerformance against a Survey of environmental indicd 33.3% 2
2 Low-income outr|Proportion of students identified as low-income OR in| 48.0% 1
3 Internal migratiorProportion of overseas students from other governord 18.7% 3
Result| Eigenvalue lambda:[_ 3.048]
Consistency Ratio
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Hormalized Principal
Eigenvector
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o Infemal migration

/13334
47.95%
\ (A& 715 )

Envronmental impact (Suney)

Low-income outresch

intemal migration | 3
\

Fig. 14. Analysis and results of students support indicators

Fig.15 determines the significance levels of 6 student
outcomes indicators among themselves and present aggregated
group judgment matrix of these sub-criteria. The significance
levels of student outcomes indicators are; participation
(23.7%); overall student satisfaction (survey) (18.7%);
completion (16.9%); granted degrees (16.4%); retention rate
(15.9%); and scholarships and bursaries (8.4%).The value of
Lambda is 6.173, CR related to this matrix is 0.028 and GCl is
0.10.

Table Criterion Comment Weights | RK
1 Overall Student s|Proportion of students expressing satisfaction with 18.7% 2
2 Completion Proportion of students scheduled to graduate succe| 16.9% 3
3 Retention rate  |Percentage of first-ime freshmen students who rety 159% | S
4 Degrees GrantedNumber of degrees granted to students (Master-Do 16.4% 4
5 participation Percentage of students trained in public or private sd. 23.7% 1
6 Scholarships and{Number of students recelving Honors Scholarship 8.4% 5
Result Eigenvalue lambda:|
Consistency Ratio 037 GCi cR
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Fig. 15. Analysis and results of Student Outcomes indicators

Table| Criterion Comment Weights
1 international outi{Number of ranking performance in specific disciplines| 42.5%
2 Distinguished Al{Mumber of Alumni whom listed in distinguished list 16.6%
3 Prolific academigMumber of faculty members or Alumni achieving intern{ 40.9%
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Result Eigenvalue

Consistency Ratio 037 GCL| 0.30

Normalized Principal
Eigenvectorr

Aggregated Group
Comparative Matrix

international cutlook 1 0.425
Distinguished Alumni | 2] 0.1686
Prolific academio enperts | 3 0.409

Fig. 16. Analysis and results of reputation indicators

. intemational outlook
1 Dbstingushed Alumni
s Prolific scademic experts

Fig.16 determines the significance levels of 4 reputation
indicators among themselves and present aggregated group
judgment matrix of these sub-criteria. The significance levels
of reputation indicators are; prolific academic experts (40.9%);
international outlook (45.0%); and distinguished alumni

(16.6%). The value of Lambda is 3.102, CR related to this
matrix is 0.1 and GCl is 0.30.

Fig.17 determines the significance levels of 4 faculty
outcomes indicators among themselves and present aggregated
group judgment matrix of these sub-criteria. The significance
levels of faculty outcomes indicators are; efficiency (30.7%);
publications (24.2%); faculty qualifications (23.0%); and
attainment (22.1%). The value of Lambda is 4.289, CR related
to this matrix is 0.1 and GCl is 0.37.

Table| Criterion Comment Weights | Rk
1 Faculty qualificatiiproportion of academic faculty with earned doctorates { 23.0% 3
2 Attainment MNumber of full-time faculty (teaching and administrativ] 22.1% 4
3 Publications MNumber of annual publications by faculty 2az% | 2
4 Efficiency MNumber of faculty engaged in international research af 30.7% hl

Result Eigenvalue

Consistency Ratio

lambda 4.28¢
0.37 GCl CR: 0.6+

Normalized Principal
Eigenvector

0.222
0.222
0.236
0.2082

Fig. 17. Analysis and results of faculty outcomes indicators

Aggregated Group
Comparative
Matrix

. Faculty qualfications
2 Publications

o Altainment
& Efficiency

Faculty qualifications | 1

iy

Arainmert | 2|

Publications | 3

Efficiency | af

According to obtained results; in total 33 performance
indicators, 7 of which are teaching & learning indicators, 4
research indicators, 6 internationalization indicators, 3
students support indicators, 6 students outcomes indicators, 3
reputation indicators and 4 faculty outcomes indicators, a set
of common performance indicators has been built. In the set,
the significance level that is a basis to measuring the
performance of higher education in Egypt has been designated
as well. As a result of product for significance levels related to
main and sub-criteria, priorities that are the last stage of AHP
have been ascertained to obtain the overall or composite
performance using Eq. (10). Table VI is formed in order to
understand and apply the set of performance indicators that
can be used by the proposed composite index. This table also
presents the significance level of each performance indicator
per over all sub-criteria. In the indicator Area and weight of
area columns in Table VI are 7 indicators areas for higher
education systems, KPI’s and weights of which are measured
and presented in Fig.10. Indicator column represents the
performance indicators present in each indicator area on the
basis of codes defined in Table Ill. Weight of type column
includes the significance levels all sub-criteria of each KPI.
Data Source column represents on which solution or
application system can be defined as data source for this kind
of KPI or external data source if required. Direction of
expectation (DoE) column represents on which direction an
expectation, up or down, should occur about the related
indicator. Unit of measurement column, explains the unit of
value to be obtained by the calculation on the related indicator.
Value of weight column is about determining the priorities
present in the last stage of AHP. Value weight is obtained by
the multiplication of the main criteria and sub-criteria weights.
For example, value of weight is obtained by main criteria
weight (weight in area of students’ outcomes area) * sub-
criteria weight (weight in type of retention rate indictor)
formulization. 0.118 * 0.159 = 0.0188 = 1.88 %. This
calculation is made for 33 performance indicators.
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To build the full solution that helps decision makers of
higher education in Egypt and domain experts in each
university, we have built full integrated solution based-on
business intelligence (Bl) using Data Warehouse (DW)
concepts that will collect required data from Universities
Management Information Systems (MIS) as step to extract and
calculate required information for the proposed framework.

There are two different database schemes for MIS
solutions hosted in universities of Egypt, first scheme related
to universities that teaching by Traditional Education System
(TES) or Balk Courses Registration (BCR), and other scheme,
for institutes that teaching by Credit-Hours Education System
(CHES). For that staging database was developed to obtained
raw data. Once the data is in the staging area, we encounter
staging metadata to guide the transformation and loading
processes, including staging file and target table layouts,
transformation and cleansing rules, conformed dimension and
fact definitions, aggregation definitions, and ETL transmission
schedules and run-log results. Moreover, a prototype has been
implemented to apply the proposed model and apply
comparative analysis using proposed framework, universities
in the prototype, anonymously identified as university A, B, C
and D as show in Table. VI

TABLE VI. UNVERSTIEIS THAT INVLOVED IN PROTOTYPE

Sl | Sludents | Students | Sudents | CFS”
University A | Large ~140 k ~38k ~34 k Yes
University B | Large ~130 k ~33k ~33k No
University C | Medium | ~50 k ~15k ~17k No
University D | Small ~19k ~5k ~4 k Yes

* State of university that appears in global ranking system

Aggregation method entails the calculation of the ranking
of each university according to each individual indicator, e.g.
to apply required aggregation method for Granted Degrees
indictor under student’s outcomes indecator area, we are used
Multi-Year Growth Rate Method (MYGRM) to calaculacte
this indcator for five acadamic year, by this we can achive
Time phased element of SMART cirtira to devlope indictors
and to calculate the value of each university for five years, the
below steps followed as show in Fig.18 and Fig.21.

1. The equation was known. The equation for annual growth
rate percentage over multiple years is
P =[(f/s)N(1ly)] -1

Where f = Final value or population, s = Starting value or

population, and y = Number of years
The final value was taken and divide it by the starting value.
The quotient was raised to the power of 1/y.
1 was subtracted from the product
The decimal was converted into a percentage, if necessary,
and check your work.

gk wn

Fig. 18. Steps followed to calculate Aggregation of Granted Degree indictor

Since the all indictor’s data aggregated the role of data
normalization raised, it is required prior to any data
aggregation as the indicators in a data set often have different

measurement units, and the normalization methods used in our
model show in Table. VII

TABLE VII. NORMALIZATION METHODS USED IN PROPOSED FRAMWORK
Method Equation
1. Ranking I, = Rank(x},)
2, Standardisation (or z-scores) ML
I = “ge T qe=t
ge i
Oyt
3. Min-Max |t

o
P g mmin(xy)
[ . ¢t : foy
max . (x') —min, (x;)
4, Percentage of annual differences over « \_H
consecutive years Jfo e e
a ]
Xg

The normalized and summarized data are maintained in the
marts and are organized in a star schema to provide a
dimensional view of the data, a dynamic and interactive
dashboard with four views were implemented to simulate the
composite index functions and represent visual interface for
outcomes of campsite index as following, (1) Measures View
Dashboard; (2) Indicators View Dashboard; (3) Index View
Dashboard; and (4) League View Dashboard, as show in in
Fig.19
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Overall Student satisfection Uni sin  18.691719560 §9.936000000 16.8105849034816

Universities

v [ Csira University
< [ #in Shams University
16.852980210 86373752033 16 2804056157612 AR A=

Completion 16.892980210 67.888351664 11.4684735265681

Completion &in ity 16.892080210 83.085089271 14.0355476880109

Completion Ak University

ity
University of Bahrain

¢ 2 o

Fig. 19. Visual Dashboard of Composite Index

As show in Fig.20, the university C ranked as top
university, university A ranked as third university. Meanwhile,
the university A appears in several Global Ranking Systems.
By this we can prove that university C should appears also
into Global Ranking Systems but there are some reasons
prevented the appearance, and we can conclude these issues as
following; (1) related to cut-off, stop displaying university
scores after certain rank; (2) related to target audience; (3)
related to design and objective; (4) Not aim to label or focus-
on Egyptian universities; (5) May lead to redesigning of
strategy to improve in the rankings rather than to do what's
right for the local setting; and (5)sources of information not
exhaustive.
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Student KP1 Proportion 2
University oy Maen  Rank

mpletion ntion rees Granted Participati larshi
Stisfaction COmPletio Retention Rate Degrees Granted Participation Scholarships

University C 92.544 96.373792033 77.220458425 35.29361624  15.50401352 42.61670631  5.926103445 1 1

University B 76.84 83.085089271 82.036940973 8.026234643  3.651385075 31.95079108  4.260426912 0.173709 2

University A 84.646

67.888991664 81.595618186 7.586081794  6.659542307 9.626227935  3.993649798 0.041369 3

University D 89.936 71.433290847 87.763637565 7.020376162  2.858193409 5.843219305  3.910255348 O a

————

Area proportion = (KPI 1 value + ........+ n) * weighted value of area , Max- Min, Rank

Fig. 20. Composite Index League Table

VI. CONCLUSION

In this paper, we proposed a unified and unique composite
index for higher education institutions in Egypt aims to, (1)
benchmark the overall performance and support self-
assessment; (2) transform organizational processes into
strategic tools, helping higher education institutions to
compare systematically their practice and performance with
peer institutions; (3) periodical performance mentoring tool;
(4) obtain data to support decision-making; (5) measure
performance against and compare with other institutions and
assess reasons for any deviations; (6) focus on how the
improvement or retracement done rather than who is best; (7)
encourage discovery of new ideas through a strategic look
inside or outside the institution; (8) follow and set new
standards for the institution and higher education system; (9)
respond to international benchmarks and performance
indicators; (10) set effective targets to achieve accreditation,
quality assurance improvement and evaluation processes; and
(11) enhance reputation and build new brand for Egyptian
case.

Indeed, decision maker and institutes’ leaders are forced to
make their decisions transparent and comprehensible and draw
attention to major issues. The proposed composite index
established dependent on the framework [20, 21] than on
methodological choices as ranking system, this will make idea
of this research usable and can be published.

The AHP algorithm and dynamic dashboard assists our
objective judgment and makes the research results more
comprehensive and reasonable depending on participation of
universities professors as education experts from 19 renowned
universities in Egypt. The weights of KPI areas of the
proposed composite index belong to the Egyptian situation are
summarized into, teaching & learning indicators have (22.9%),
research indicators have (22.8%), internationalization
indicators have (12.8%), students support indicators have
(12.5%), student’s indicators have (11.8%), reputation
indicators have (8.7%), and faculty outcomes have (8.5%)
importance, as green-to-red scale that shown in table VI. And
for sub-criteria, the most important indicators have been
identified as research excellence & outputs (8.19%) under
research indicators area, then Faculty to student ratio (6.1%)
under facilities indicators area. No index can be better without;
(1) data feeds from different data sources; and (2) using of
trends and outcomes as results of this index. For that in the
future work, we aims to collect required data from different
data sources of higher education institutions in Egypt, for
example, MIS and LMS application on each university and
linking with other external data sources .

Moreover, enhancement phase of composite index life-
cycle will be implemented as feature work and an interactive

dashboard will designed to visualize outcomes of composite
index, this will assists our work and place powerful way to
track universities’ performance and reaching their overall goal.
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Main Area : Students indictors

Indictor : Degrees Granted (S4)

Weighted Value : 16.382

Years Value
University A 8275
University B 8072
University C 10231
University D 650

The equation is P = [(f/s)"(1/y)] - 1, where:
1. f=last year value
2. s=_Current year value
3. y=Number of years

Aggregation method : Multiple-Year Growth Rate Percentage

University A
University B
University C
University D

6459
6828
2988

7.586081794
8.026234643
35.293616240
7.020376162

Fig. 21. Aggregation simple for Granted Degree indictor

TABLE VIII. FuLL COMPOSITE PERFORMANCE SCORES FOR COMPOSITE INDEX FRAMEWORK
Weight of Weight In . Unit of Value of
# Area Amgr( %) Code Typi %) Indicator Data Source | DoE Measurement Weight (%)
| 1} S$1 |~ 18.69% |Overall Student satisfaction (Survey) Survey DB [ Per Cent 2.21%
| 2 | 52 16.89% |Completion MISDB  [i* Per Cent 1.99%
[ 3 | Students Outcome T s3 15.95% _[Retention rate mispB [ Per Cent 1.88%
| 4 ] 54 16.38% |Degrees Granted MIS DB s Count 1.93%
| 5 | 55 23.73% |participation MiS DB i Per Cent 2.80%
6 56 |¥ 8.36% |Scholarships and bursaries MIS DB i Count 0.99%
[ 7 ] F1L_[¥ 22.20% |Faculty gualifications MISDB [ Per Cent 1.90%
| 8 | Faculty Outcome 8.54% F2 23.34% Attainm_ent MIS DB is Count 1.99%
ER F3 23.62% |Publications MIS DB is Count 2.02%
10 F4 Efficiency mispB i Count 2.63%
[ 11 ] L7 26.64% _|Faculty to student ratio misps [ Fraction 6.10%
12 | T2 |7 7.58% |Faculty to Adminstrative staff ratio MIS DB Fraction 1.74%
13 | T3 16.12% |Satisfaction with teaching (Survey) Survey DB s Per Cent 3.69%
| 14 | Teaching & Learning T4 | 11.42% |Further study MiS DB i Per Cent 2.62%
| 15 | T5_[¥  7.04% |Gender balance MIS DB Fraction 1.61%
| 16 | T6 14.12% | employment rate MIS DB [ Per Cent 3.24%
17 T7 17.08% |Continuous improvement MIS DB is Count 3.91%
18 | R1 |V 19.38% |Citations per paper Extrnal DS__[i Per Cent 4.42%
19 | Reserch R2 |V 17.12% |Papers per faculty MIS DB s Per Cent 3.90%
| 20 | R3 35.93% |Reserch excellence & outputs Extrnal DS 1" Count 8.19%
21 R4 27.57% |Research funding ERP DB IS Per Cent 6.28%
| 22 | Al 33.34% |Environmental impact (Surve_y:- Survey DB s Per Cent 4,16%
23 | Students Support 12.49% A2 47.95% |Low-income outreach MiS DB i Per Cent 5.99%
24 A3 |¥ 18.71% |internal migration MIS DB [~ Per Cent 2.34%
| 25 | El international outlook Extrnal DS [i* Count 3.70%
| 26 | Reputation 8.70% E2 |¥ 16.58% [Distinguished Alumni Extrnal Ds__[i Count 1.44%
27 E3 40.88% |Prolific academic experts Extrnal DS__[i Count 3.55%
| 28 | 11 |~ 19.47% |International faculty MIS DB s Per Cent 2.49%
A 12 |[¥ 10.46% |Visiting scholars MIS DB I} Count 1.34%
30 I 13 |7 9.54% |International students MIS DB [ Per Cent 1.22%
— Internationalisation 12.77%
| 31 | 14 13.00% |Outbound exchange students MiS DB s Per Cent 1.66%
| 32 | 15 24.00% |Recognized accreditations MIS DB 5 Count 3.06%
33 16 23.53% |Patents MIS DB [ Count 3.00%
Total (%)= 100.00% Total (%)= 100.00%
103|Page

www.ijacsa.thesai.org



