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ABSTRACT (English)

The excellence of Sudanese Universities and Academic Staff members can be
effectively classified by systematic and objective design criteria, which participates in

developing the learning outcomes in Sudan.

In the first phase of this research, suitable quantitative and qualitative performance
evaluation criteria are determined and defined, pairwise comparisons and evaluation
forms are designed and exploited in order to get experts opinions/preference on the
evaluation criteria that are used to measure the universities and academic staff

performance using different types of survey.

The research presents a fuzzy logic computational model based on this survey to
measure and classify the performance of Sudanese universities and academic staff,
which includes computation of criteria weights and overall evaluation of Sudanese

Universities and academic staff using AHP and TOPSIS techniques.

The consistency of judgment that is carried out by experts/ participants during a series
of pairwise comparison methods represents a key evaluation issue to the reliability of
the ultimate output (performance evaluation). This study presents a Fuzzy Consistency
Algorithm (FCA) to check and evaluate the consistency level of expert’s judgment. The
new algorithm proposes a consistent preference linguistic value(s) as an option to the
experts in case of inconsistency judgment in evaluation performance. Based on the
proposed algorithm, the research introduces new tool that allows experts to trace and
understand the roots of inconsistency and select the relevant consistent option(s). The
algorithm allows the degree of consistency to be configured by user. The study also
applies the proposed algorithm to the performance evaluation of Sudanese universities

as an empirical study.

Finally, fifteen higher education institutes (10 public universities & 5 private
universities) are ranked using the proposed hybrid computational model. The model
result is tested by comparing the ranking of previous year admission result that was

done by the General Administration for Admissions, Degree Evaluations & Verification.
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CHAPTER1

1. INTRODUCTION

1.1 Background

During the past years there have been considerable increases in the number of
institutions of higher education in Sudan. The total number raised from 11 institutes in
1980s to more than 127 higher education institutes in 1990s & 2000s ( (Jall asdaill 3 )
2016 ¢« <l &adllg). Figure 1.1 represents the total numbers of different types of
institutes and the growth rate of public & private universities with Bar chart and Combo
chart respectively. Most of those universities have several faculties such as medicine,
engineering, science, arts, etc. There was a critical need for increasing the number of
Sudanese institutions to accommodate the accumulated number of applicants. This rapid
increase requires continues and enough scientific research in performance evaluation

(PE) and proper processed information that can help and guide the following:

v' Education institutes to match up their current capabilities versus the standard

requirements and plan for future development.

v Applicants & Students’ Parents to figure out the best education institutions and the
best faculty.

v Ministry of higher education to follow up the required standards and establish future

plans.

Globally, also there are significant changes in university system of organization and
funding. The classical activities of teaching, research and service are increasingly
dedicated to the necessities of society (Etzkowitz, 2003) and universities have been
assuming active accountabilities within the economy (Coccia, 2008). Making university,
faculty, and academic staff evaluation in line with the changes in the university system
has become a priority especially in Sudan and in many other countries around the world.
University assessment is becoming more official and complex, and numerous
organizations have recommended transparency in standards and procedures, consistency
over time between candidates with similar profiles, openness in the evaluation of

tenure-track faculty and care for unsuccessful candidates (Huber, 2002).
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Figure 1. 1: Higher Institution Types and Universities Growth Rate

As an outcome of these changes, there is a chance and a challenge for each university to
arrange the activity of its faculty members with its mission and strategic plans.
Universities are supposed to make evaluations on promoting, recruiting, granting tenure

and compensating excellence based on accepted objective evaluation criteria. However,

in spite of the global rising interest in the performance evaluation of university activities,

and in particular in faculty assessment, there are only a few researches that attempt to
appraise the overall activity of the academic staff (Elmore, 2008) (Costa, Oliveira,
2012). Thus, there is a demand to acquire comprehensive appraisal systems, based on
new techniques that can effectively indicate the variances among the academic staff and

faculties taking into account the university mission.

Performance evaluation (PE) is an organized and regular process that evaluates an
organization or an individual employee’s job functioning and output in relative to
certain pre-established criteria and organizational goals. In higher educational institutes,
the performance evaluation is key factor in improving the quality of work input, inspires
staff and make them more engaged. Academic staff is appraised on the basis of definite
factors like students feedback, teaching-learning and assessment of related activities,

expert development activities such as doing research work, contributing to national and




international conferences, publishing research papers, leading and contributing in
technical workshops. The judgments and views of managements, coworkers, and sub-
ordinates also plays an essential role in performance measurement. All these factors are

jointly used to evaluate an academic staft’s performance.

Employee/organization performance is related to job duties which are expected by a
worker/organization and how perfectly those duties are accomplished. Many managers
assess the employee performance on an annual or quarterly basis in order to help them
identify areas for enhancement. PE system depends on the type of the business for an
organization. PE mostly relates to the product output of a company or the end users of
an organization.

Several appraisal methods are used for employee performance appraisal such as Graphic
rating scale method, forced choice distribution method, behavioral check list method,
etc. Some methods that were utilized in the past are not currently used like ranking,
critical incident, and narrative essays. New methods have been suggested for
performance appraisal technique like Management by Objective (MBO) and assessment
Centers.

Generally, performance evaluation aims to recognize current skills’ status and
capabilities of the work force or an organization. Any standard appraisal system consists
of collection of data in which information is extracted from then converted into a real
number called performance rating. The employees’/organization’s contribution to an
organization/society depends on the evaluation of his/her/it rating. It is essential to have
accurate unbiased appraisal assessment in order to measure the appraisee’ contribution
to organization objectives. Employers/managers/experts use characteristics such as
knowledge in particular field, skills to achieve a goal and target achieving attitude in
order to decide on the employee’s/organization’s performance level. Since these factors
mostly are uncertain and vague in nature, a fuzzy performance appraisal method is more
appropriate.

Majority of the occurrences that we encounter on a daily basis involve a certain level of
ambiguity and fuzziness in the description of their nature. “Khalid’s performance is
unsatisfied” & “The Weather is warm today”. These are examples of fuzzy propositions.
What degree of performance is considered unsatisfied? By how much does performance
have been increased to be considered excellent, and not unsatisfying? Do we all have

the same view about his performance? This type of fuzziness associated with continuous



phenomena is common in any field of study. In the conventional mathematical methods,
the logic of these methods is the precise Boolean logic which has two states 1 or 0
which means that each proposition must either be false or true (Shaout & Yousif,
2014/a).

Lotfi Zadeh (1965) introduced fuzzy logic as means to model and handle uncertainty in
natural language. Fuzzy logic describes the qualitative nature of the object while

conventional logic systems focus on their quantitative aspects.

1.2 Problem Statement

Although many universities and colleges were established in the recent few years in
Sudan, but very few of them are truly following proper and regular process that offering
quality performance evaluation. The following are some of the current issues facing

Sudan’s universities:

e There is need to find an accurate technique that can determine the gap between
the standards established by the ministry of higher education and the actual
status of Sudanese universities.

e The stakeholders (parents, students, education officials, etc.) are in a state of
complete confusion in choosing a quality education Institution for their career
planning. Furthermore, there is lake of information about the current level of
quality in the mature and well established universities in Sudan.

e The lake of effective methods to assess academic staff and proper evaluation
information cascade several problems in planning, management and developing

the resources.

1.3 Methods

Fuzzy Analytical Hierarchal Process (FAHP) and the technique for order of preference
by similarity to ideal solution (FTOPSIS) have been used in developing our evaluation
model system. The FAHP is used to construct the Sudanese universities and academic
staff hierarchical frameworks of performance evaluation criteria and to determine the

relative criteria weights. Fuzzy TOPSIS method is used to obtain the final rank of the



alternative (i.e. Universities & Academic staff). Alternatives’ bottom criteria were used

by FTOPSIS methods to calculate the distance of each alternative from ideal negative &

positive ideal solutions. Microsoft Excel is used to develop and process several

operational functions such as calculating the consistency ratio, aggregation,

normalizations, preference approximation and separation measures.

1.4 Research Objectives & Outcomes

Given this problem, the base objectives of the proposed research are as follows:

To identify the performance measurement indicators for evaluating the best
academic staffs, faculties and Sudanese academic institutions.

To design and develop an appropriate Fuzzy performance evaluation model with
possibly new theorems and fuzzy data structures which can handle both subjective
and objective factors in the evaluation process that can fit the Sudanese culture. This
helps evaluators to objectively assess the key entities involved in academic process
starting from academic staff, faculty and university.

To implement and test the proposed system

The evaluation result serves the Sudanese communities as follows:

Students/Applicants and students’ parents will find an accurate source of processed
information that guides and helps applicants and students’ parents to select the best
university for their future study in a specific field.

Regular ranking process based on agreed performance evaluation criteria will help
the Ministry of Higher Education and Research in Sudan to follow up and observe
the faculties and universities academic standard level and maintain future plans.
Regular ranking process based on agreed performance evaluation criteria &
appraisal system for academic staff will help university and faculty management to
upgrade and promote their staff as well as to bridge any gap and to maintain the

future plans.

1.5 Results and Contributions

In this dissertation, nine main criteria and forty-one sub criteria were identified,

considered and weighted as performance evaluation criteria for Sudanese high academic

institutes. Furthermore, there levels of academic staff evaluation criteria were identified,
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considered and weighted. The first level consists of six criteria, the second level consist

of twenty-seven criteria and the last level consist of fifty criteria.

Classification model for performance evaluation of Sudanese university and academic
staff was developed and proposed. It consists of all steps required such consistency

check, aggregation, approximation and final ranking.

New Fuzzy Consistency Algorithm (FCA) to check and evaluate the consistency level
of expert’s judgment was designed and proposed. The new algorithm proposes a
consistent preference linguistic value(s) as an option to the experts in case of
inconsistency judgment in evaluation performance. Based on the proposed algorithm,
the research introduces new tools that allows experts to trace and understand the roots of

inconsistency and select the relevant consistent option(s).

1.6 Organization of Thesis

The thesis organized as follows, chapter 1 presents a background of Sudanese higher
education institutes, problem statements, methods used, research objectives & research
outcomes and a brief results and contributions of this research. The literature review is
introduced in chapter 2. The classification model is introduced in chapter 3. The
proposed evaluation criteria for Sudanese university and academic staff are presented in
chapter 4. Chapters 5 & 6 present survey design, data collection and analysis. The new
proposed consistency algorithm 1is introduced in Chapter 7. Chapter 8 introduces
aggregation, normalizations, preference approximation. The final ranking result process
is presented in chapter 9. Model testing, discussion, recommendations, conclusion and

future work are stated in Chapter 10.

1.7 Summary

This chapter introduced a background overview about Sudanese universities/institutes,
institutions growth rate, related issues and challenges, research problem statement, research
objectives & outcomes, methods, results & contribution. Furthermore, organization of thesis

was defined.



CHAPTER 11

2. LITERATURE REVIEW

In this chapter, a review of the following is presented: basic concept of fuzzy logic,
performance appraisal methods, traditional & modern methods, comparison of
performance appraisal methods, fuzzy related appraisal techniques such as fuzzy
analytical hierarchy process, technique for order preference by similarity to ideal
solution, multistage fuzzy & cascaded fuzzy technique, fuzzy based multifactorial

technique, hybrid neuron-fuzzy technique and type-2 fuzzy evaluation technique.

2.1 Basic Concept of Fuzzy Logic

Majority of the occurrences that we encounter on a daily basis involve a certain level of
ambiguity and fuzziness in the description of their nature. “Ali’s performance is
unsatisfied” & “The Weather is warm today”. These are examples of fuzzy propositions.
What degree of performance is considered unsatisfied? How much does it require to
increase to be considered excellent, and not unsatisfied? Do we all have the same view
of his performance? This type of fuzziness associated with continuous phenomena is
common in any field of study. In the conventional mathematical methods, the logic of
these methods is the precise Boolean logic which has two states 1 or 0 which means that

each proposition must either be false or true.

In 1965, Lotfi Zadeh introduced Fuzzy Logic as means to model and handle uncertainty
in natural language (Zadeh, 1965). Fuzzy logic describes the qualitative nature of the

object while conventional logic systems focus on their quantitative aspects.

2.1.1 Fuzzy Sets

Fuzzy Set is a class with a continuum of membership grades (Zadeh, 1965). To explain
the concept of fuzzy set, let us go back to this question “What degree of performance is
considered unsatisfied?”, and let us define, as an example, a fuzzy set called
“Unsatisfied Performance”. We need first to specify the universe of discourse (P) as

follows:



P={p|0<p <100} where P covers all performance in percentage rating,

Say, the “Unsatisfied Performance” fuzzy set is S. Hence the membership function for S
is defined as ps: P—— [0,1] such that ps(p) € [0,1] is the degree to which an element
p € P belongs to the fuzzy set S.

If we consider 40% to be unsatisfied performance, then ps (p < 40) = 1, on the other
hand if we consider the performance of 60% and above to be certainly not judged as

Unsatisfied Performance and thus not belong to S, then pus(p = 60) = 0.

Therefore, the degree of belongingness to S increases from 0 to 1, as performance

decrease from 60% to 40%.

The membership functions are the fundamental blocks of fuzzy set theory. Choice of
MF depends on the nature of problem you have to solve. MFs take value between 0 & 1.
Some time you may need to allow some of them never reaching 1 in order to represent
never certain info. The selection of fuzzy set functions influences how well fuzzy
systems approximate functions. The most common fuzzy sets are triangles, trapezoids,
and Gaussian bell curves (Mitaim S. 1996). A comparison has been made among the
predicted data using different membership functions. The MF has been selected based
on minimum error in prediction of data. It has been observed that triangulated
membership function has been given minimum error (Manal S. et al. 2012). Barua,
Singdha, and Kosheleva (2014) provide a theoretical explanation of the practical
success of triangular membership functions. We used triangular MF which is simpler to

implement and fast in computation (Pedrycz W, 1994; Barua et al, 2014).

2.2 Performance Appraisal Methods

Performance Appraisal can be generally categorized into two groups: Traditional (Past
oriented) methods and Modern (future oriented) methods (Aggarwal, 2013). Other
researchers (Jafari, 2009) have classified the existing methods to three groups; absolute
standards, relative standards and objectives. The performance appraisal methods are as

follows:



2.2.1 Traditional Methods

Traditional methods are comparatively older methods of performance appraisal. These
methods were past oriented approaches which concentrated only on the past
performance. The following are the topical traditional methods that were used in the

past:

a) Ranking Method
A superior ranks his employee based on merit from best to worst (Gary, 2011).

However, how best and why best are not elaborated in this method.

b) Graphic Rating Scales

In 1931 a behaviorism enhancement was introduced to graph rating scale (Bracken et al,
2001). According to (Gary, 2011), graphic rating scale is a scale that lists a number of
traits and a range of performance for each. The employee is then graded by finding the

score that best defines his or her level of performance for each trait.

¢) Critical Incident Method

This method is concentrated on certain critical behaviors of employee that makes
significant difference in the performance. According to (Gary, 2011), critical incident
method keeps a record of unusually employee’s work related behavior and revisit it with

the employee at prearranged times.

d) Narrative Essay

In this method the administrator writes an explanation about employee’s strength and
weakness points for improvement at the end of evaluation time. This method primarily
attempts to concentrate on behavior (Jafari, 2009). Some of the evaluation criterion are
as follows: overall impression of performance, existing capabilities & qualifications,

previous performance and suggestions by others.

2.2.2 Modern Methods

Modern Methods were formulated to enhance the conventional methods. It tried to enhance the
shortcomings of the old methods such as biasness and subjectivity. The following presents the

typical modern methods:



€) Management by Objectives (MBO)

The performance is graded against the achievement of the objectives specified by the
management. MBO includes three main processes; object formulation, execution
process and performance feedback (Wu B, 2005). Weihrich (2000) proposed the system
approach to management by objectives. It consists of seven components; strategic
planning and hierarchy of objects, setting objectives, planning for action,
implementation of MBO, control and appraisal, subsystems and organizational and

management development.

f) Behaviorally Anchored Rating Scales (BARS)

BARS contrast an individual’s performance against specific examples of behavior that
are anchored to numerical ratings. For example, a level three rating for a doctor may
require them to show sympathy to patients while a level five rating may require them to
show higher levels of empathy. BARS utilize behavioral statements or solid examples to
explain various stages of performance for each element of performance (Elverfeldt,
2005).

g) Humans Resource Accounting (HRA).

In this method, the performance is judged in terms of cost and contribution of the
employees. Johnson (Johanson et al, 1998) incorporated both HRA models and utility
analysis models (UA) to form the concept of human resource costing and accounting

(HRCA).

h) Assessment Center

An assessment center is a central location where managers may come together to have
their participation in job related exercises evaluated by trained observers. It is more
focused on observation of behaviors across a series of select exercises or work samples.
Appraisees are requested to participate in in-basket exercises, work groups, computer
simulations, fact finding exercises, analysis/decision making problems, role playing and

oral presentation exercises (Byham, 1986).

1) 360 Degree
It i1s a popular performance appraisal technique that includes evaluation inputs from a

number of stakeholders like immediate supervisors, team members, customers, peers
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and self (Jafari, 2009). 360 Degree provides people with information about the influence

of their action on others.

J) 720 Degree

720-degree method concentrates on what matter most, which is the customer or investor

knowledge of their work (Mondy, 2008). In 720-degree appraisal feedback is taken

from external sources such as stakeholders, family, suppliers, and communities. 720

degree provides individuals with extremely changed view of themselves as leaders and

growing individuals. It is 360-degree appraisal method practiced twice. Table 2.1 shows

the summary of performance appraisal methods with pros and cons for each method.

Table 2. 1 Appraisal performance Methods Summary

SN ?J;E:ii:zzl Key Concept Pros Cons
a). | Ranking Rank employees from | v/ Simple and easy to Less objective.
Method best to worst on a use. Not suitable for
particular trait. v Fast& large workforce.
Transparent. Difficult to
determine workers’
strengths and
weakness.
b) | Graphic Rating scales consists of | v/ Adaptability.
Rating several numerical scales | v° Easy to use and Rater’s bias
Scales representing job related easily constructed. (subjectivity).
performance  criterions | v/ Low cost. Equal weight for all
such as dependability, | v° Every type of job criteria.
Initiative, output, can be evaluated.
attendance, attitude etc. | v Large number of
The employee is rated by employees
identifying the score that covered.
best define his or her
performance for each
trait.
c) | Critical The method is | v/ Feedback is easy. Analyzing and
Incident concentrating on certain | v'  Assessment based summarizing data
critical  behaviors  of on actual job is time consuming.
employee that makes all behaviors. Difficult to gather
the difference in the | v° Chances of info about critical
performance. subordinate

improvement are
high.

incidents via a
survey.
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d) | Narrative | Rater writes down the

Essays employee description in | v Filing information | ¥ Time consuming.
detail within a no. of gaps about the | * Easy rater bias.
general groups such as employees. x  Required Effective
overall impression of | v Address all writers.
performance, existing factors.
capabilities and | v/ Provide
qualifications of comprehensive
performing jobs, feedback.
strengths and
weaknesses.

e) | Managem | The performance is rated | v Easy to execute % Difference in goal
ent by against the objectives and measure. interpretation.
Objectives | achievement stated by | v Employees have x  Possibility of

the management. clear missing integrity,
understanding of quality, etc.
the roles and % Difficult for
responsibilities appraise to agree
expected of them. on objectives.

v’ Assists employee | * Not applicable to

advising and all jobs.
direction.

f) | Behaviora | BARS links aspects from | v'  Employee x  Scale independence
Iy critical  incident and performance is may not be valid/
Anchored | graphic rating scale defined by Job reliable.

Rating methods. The manager behaviors in an | ¥ Behaviors are
Scale grades employees’ expert approach. activity oriented
according to items on a | v' Involvement  of rather than result
numerical scale. appraiser and oriented.
appraisee lead to | * Time consuming.
more acceptance. | ¥ Each job requires
v' Helps overcome spate BARS scale.
rating errors.

g) | Human The people are valuable | v/ Improvement of x  No clear-cut
Resource | resources of an human resources. guidelines for
Accountin | organization. v Development and finding cost and
g (HRA) Performance is assessed implementation of value of human

from the  monetary personnel policies. resources.

incomes yields to his or | v Return on % The method

her organization. It is investment on measures only the

more reliant on cost and human resources. cost to the

benefit analysis. v" Enhance the organization and
proficiencies of ignores employee
employees. value to the

organization.

% Unrealistic to
measure employee
under uncertainty.

h) | Assessme | Employees are appraised | v/ Better forecasts of | * Costly and difficult
nt Centers | by  monitoring their future to manage.

behaviors across a series performance and % Needs a large staff

of selected exercises. progress. and a great deal of
v" Concepts are time.

simple. x  Limited number of
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v Flexible people can be
methodology. processed at a time.

v’ Assists in
promotion
decisions and
diagnosing
employee
development
needs.

v' Allow multiple
traits
measurement.

1) 360 It depends on the input | v' Allows employees Time  consuming
Degree of an employee’s to gain a more and very costly.
superior, peers, understanding of Difficult to
subordinates, sometimes their impact on interpret the
suppliers and customers. people they findings when they
interact with every differ from group
day. to group.

v Excellent % Difficult to execute
employee in cross-functional
development tool. teams.

v Precise and | ¥ Difficult to
dependable maintain
system. confidentiality.

v' Legally more
justifiable.

2.2.3 The Comparison of Performance Appraisal Methods

As shown in table 2.1 each method has pros and cons. In order to determine the best

appraisal method, you need to answer this question; “Evaluation with respect to what

“best”?” The organization goals and performance type are key factors to decide the best

method. Jafari et al, (2009) proposed a frame work for the selection of appraisal

methods and compared some performance evaluation methods to facilitate the selection

process. The framework is based on six criteria which are maintained by an expert as

shown in table 2.2 (a: Ranking Method, b: graphic rating scales method, etc.).

Table 2. 2 : Performance appraisal methods' comparison

Methods
a b c o = I i
Criferia

Training needs evalunation C B A B A A A
Coincidence with mstitutes C A A B A A B
Excite staff to be better C C B C B B A
Ability to compare A B C C A B A
Cost of method A A B A C C B
Free of emor A C C C EBE B A
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The matrix below is extracted from table 2.2 where A is +3¥3 3 3 23 3 2
replaced by 3, B with 2 and C with 1. 312 292 23
213 Z 113 23
213323112
The scores are normalized by a linear scale using one of the 0 \3 1 112 2 3

following formulas:

g K ¢ 4 & {§ |

xij

Benefits: 7 = maxep © " v1 /033 067 100 067 1.00 100 1.00
Cost: — min(x;) 2(0.33 100 1.00 067 1.00 100 0.67
ost: rl'j = —

(xij) y3| 033 033 067 033 067 0.67 1.00
The matrix after normalizing with respect to x4| 100 067 033 0.33 100 0.67 1.00

%21 033 033 050 0.33 100 1.00 0.50
X0 1100 033 033 033 067 067 1.0

Benefits looks as follows:

Then define normalized weight for each criterion
using multiple linear regressions to define straight rank of each criterion by using the

following formula as shown in table 2.3:

n
w; = (n—rj+1)/ Z(n—rk+1)
k=1
Where w; is the normalized weight for the jth criterion; n is the number of criterion

under consideration and 7; is the rank position of criterion.

Then use each criteria weight in table 2.3 with the above normalized matrix to rank the
appraisal method as shown in the table 2.4. In this example MBO is on the top of the list,
then followed by 360 Degree, etc.

Table 2. 3: Rank, weight and w; of each criterion

Criteria le;jk mr_I;;jfj IL Wi
Training needs evaluation 4 3 0.14
Coincidence with mstitutes 6 1 0.05
E=cite staffto be better 5 2 01
Ability to compare 1 6 029
Cost of method 2 5 024
Free of emor 3 4 0.1%
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Table 2. 4: Methods Ranking

Methods Methods' erades
e MBO 0.91
1. 360 Degres Feedback 087
f BARS 0.82
a. Ranking 0.66
¢. The crifical incident 0.54
b. The graphic rafing scale 031
d. The essay 04

2.3 Fuzzy Related Appraisal Techniques

2.3.1 AHP & FAHP

a) Analytic Hierarchy Process (AHP) Technique

Analytic hierarchy process (AHP) is a quantitative technique for ranking decision
alternatives using multiple criteria (Russell, Taylor, 2003). Structuring the alternatives
into a hierarchical framework is the AHP technique to resolve complicated decisions.
The hierarchy is formed through pair-wise comparisons of individual judgments rather
than attempting to rank the entire list of decisions and criteria at the same time. This
process normally includes six steps (Vahidnia et al, 2009); defining the unstructured
problem, specifying criteria and alternatives, recruiting pair wise comparisons among
decision elements, using the eigenvalue method to forecast the relative weights of the
decision elements, calculating the consistency properties of the matrix and gathering the
weighted decision elements.

Deciding and selecting the essential factors for decision-making is the most inventive
job in making decision. In the AHP, the selected factors are arranged in a hierarchic
structure descending from a global goal through criteria to sub-criteria in their
appropriate successive levels (Saaty, 1990), (Saeed et al, 2012).

Saaty (1990) helped introducing AHP. The principles are reviewed giving overall
background information on the measurement type utilized, its properties and application.
Saaty (1990) also presented how to structure a decision problem, how to drive relative
scales utilizing judgment or data from a standard scale and how to execute the

subsequent arithmetic operation on such scales avoiding useless number crunching. The
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decision is given in the form of paired comparison (Saaty, 1986), (Saaty, 1980), and
(Saaty, 1977). The AHP is utilized with two types of measurement which are relative
and absolute (Saaty, 1990). The paired comparisons in both measurements are
performed to derive priorities for criteria with respect to the goal. Figure 2.1 shows an
example for relative measurement for “Choosing the best house to buy” where the
paired comparisons are performed throughout the hierarchy. In this example, the
problem was to determine which of the three houses to select. The first step is to
structure the problem as hierarchy (as shown in figure 2.1). The top level is overall
objective “Satisfaction with house”. The 2nd level contains the eight criteria that
contribute to the objective and the bottom level contains the three nominee houses that

are to be assessed against the criteria in the 2" level.

SATISFACTION WITH HOUSE

SIZE OF TRANSPOR- NEGHBOR- AGE OF YARD SPACE MODREN GENERAL ANANCING
HOUSE TION HOOD HOUSE FACILTIES CORDTION

HOUSE A HOUSE B HOUSEC

Figure 2. 1: Decomposition of the problem into a hierarchy

The 2™ Step is the gathering of pair-wise comparison judgments using the scale as
shown in the table 2.5 and the matrix pair-wise comparison as shown in table 2.6.
Instead of naming the criteria, table 2.6 shows a number. The number is 1 for the
criteria ‘Size of House’, 2 for ‘Transportation’, 3 for ‘Neighborhood’, etc. Houses are
also compared pair-wise with respect to each criterion in the 2" level as shown in figure
2.1. Hence, there will be eight decision matrices as shown in table 2.7 (i.e. 8 elements in

2nd level and 3 houses to be compared).

Table 2. 5: The fundamental scale

Intensity of importance

Definition
on an absolute scale

1 Equal Importance

3 Moderate importance of one over another
5 Essential

7 Very strong importance

S Extreme importance

2,4,6,8 Intermediate values between adjacent judgments




Table 2. 6: Pair-wise comparison matrix level 1

1 2 3 a s 6 7 s F::;':r
1 1 s 3 7 6 6 1/3 1/4 0.173
2 1/5 [ 1 1/3 5 3 3 1/5 1/7 0.054
3 1/3 s [ 2 & 3 a2 | e 1/5 0.188
4 1/7 1/5 1/6 1 1/3 1/4 1/7 1/8 0.018
5 1/6 1/3 1/3 3 1 1/2 1/5 1/6 0.031
6 1/6 1/3 1/4 a 2 1 1/5 1/6 0.036
7 F 3 F s 1/6 7 5 5 F 1 1/2 0.167
8 a 7z | s 8 6 6 > [ 1 0.333

The 3" step is to form the houses global priorities. Local priorities will be arranged with

respect to each criterion in a matrix. The global priority is calculated by multiplying

each column of vectors by the priority of the corresponding criterion then adds across

each row. The results will be the desired vector of the houses as shown in table 2.8.

Table 2. 7: Comparison matrices and local priorities

Size of house A B c PrioritY |vard space A B c | Prionwy
wvector vector
A 1 & 8 0.754 A 1 s a o674
B 1/6 1 4 0.181 B s | 1 1/3 o101
C 1/ /4 1 0.065 C e ¥ o3 T 0.226
Transportation A B c Priority | todern facilities A B c | |Prionty
wvector vector
r dET 15 0.233 A 1 " 8 | 6 0747
B 17 T 18 0,005 B i/a " 1/5 OLOE0
C "5 i " 0.713 C 16 | S " o193
Neighborhood A B c PrioritY | General Condition = A B c | Prionwy
wvector vector
A N e 0.745 A 1 1/2 1/2 0.200
B 18 | 1 1/4 0.065 B 2 T 1 T 0.400
[= 1/6 T 0.181 [ T2 T 1 T 0.400
Priority | _. - Priority
of h - B C
Age ouse wactor Financing Py B C wachor
A 1 "1 " 0.333 A " a 17 1/5 0.072
L L Ll L4 L Ll
B 1 1 1 0.333 B 7 1 3 0.650
C T "1 " a1 0.333 [ " s /3 | 1 o278
Table 2. 8: local and global priorities
1 F 3 4 5 6 7 8
[0.173)  [(0.054)  (0.188)  (0.018)  (0.031)  (0.036)  (0.167)  (0.333)
A 0.754 0.233 0.754 0.333 0.674 0.747 0.200 0.072 0.396
B 0181 0.055 0.065 0.333 0.101 0.060 0.400 0.650 0.341
c 0.0E5 0.713 0181 0.333 0226 0.193 0.400 0.278 0.263

Example of absolute measurement: Employee Performance

In absolute measurement, paired comparisons are also accomplished through the

hierarchy with exception of the alternatives. The grades are contained in the level just
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above the alternatives. Absolute measurement is suitable for student admission and
employee evaluation and in areas where there is agreement on the standards. Table 2.9
shows the hierarchy of employee evaluation where you can see the goal, criteria,
intensities and alternatives. The overall score for Mr. X can be calculated as follow:
0.061 x 0.604 (X-score in 1% criterion) + 0.196 x 0.731 (X-score in 2" criterion) +
0.043 x 0.199 (X-score in 3™ criterion) + 0.071 x 0.750 (X-score in 4th criterion) +
0.162 x 0.188 (X-score in 5 criterion) + 0.466 x 0.750 (X-score in 6 criterion) =0.623.

In the same way, the score for Y and Z can be shown to be 0.369 and 0.478,
respectively. Hence, any number of candidates could be ranked along these lines.
Vector of relative number under each criterion utilize to weight the vector of criteria

priorities which call this a structural rescaling of the priorities (Saaty, 1990).

Table 2. 9: the hierarchy of employee evaluation

Goal: Employee Performance Evaluation
Criteria: Technical Maturity wWriting werbal Timely Potential
Skills Skills Work (personal)

[0.0E1] [0.196] [0.043] [0.071] [0.162] [0.4B66]

Intensities: Excell. e ry Excell. Excell. Mofollup Great
[O.&03] [0.731] [0.723] [0.750] [0.731] [.750]
Abow. Avg. [Accep.] Avg. Avg. On time Averag.
[D.245] [0.188] [0.199] [0.171] [D.188] [0.171]
Avg. Imma t. Foor Foor Remind Bel. Awg.
[0.105] [0.181] [0.068] [0.078] [o.081] [0.078]
Bel. Awvg.
[D.04a6]

Alternatives

(1) M X Excell. e ry Bovg. Excell. On time Great

(2) Mr. Y Aowg. e ry Bovg . B Mofollup Aovg.

(3) Mr. Z Excell._ Immat. Bovg . Excell. Remind Great

The AHP (Saeed et al, 2012), (Cheng et al, 1999), (Shaout & Yousif, 2014/b) helps the
decision-makers to organize a complicated problem in the structure of a simple
hierarchy and to assess a great number of quantitative and qualitative factors in an
organized method under compound criteria environment in collision. The AHP is

classified as additive weighting approach.

b) The FAHP Technique

Analytic Hierarchy Process (AHP) has been extensively utilized to solve multiple-

criteria decision making problems in both industrial practice and in academic research.
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However, due to fuzziness and uncertainty in the decision-maker’s judgment, pair-wise
comparison, a crisp with a traditional AHP may be incapable to perfectly get the
decision-maker’s judgment. Hence, fuzzy logic is initiated into the pair-wise
comparison in the AHP to overcome this deficiency in the traditional AHP. It is referred
to as fuzzy AHP (FAHP) (Ayag, Z, 2005).

FAHP method is one of the organized approaches to the alternative selection and
justification problem. It uses the concepts of fuzzy set and hierarchical structure
analysis. In FAHP technique, the preferences about the importance of each performance
attribute could be identified in the form of natural language or numerical value by the
decision maker. Also, fuzzy numbers are used in pair-wise comparisons in the decision
matrix (Gungor et al, 2009).

There are various FAHP techniques which are proposed by several authors. The earliest
effort in FAHP appeared in (Laarhoven, Pedrycz, 1983). It used the proposed method at
two separate levels; 1% level was used to obtain fuzzy weights for the decision criteria
and 2" level was used to obtain fuzzy weights for the alternatives under each of the
decision criteria. The alternative fuzzy scores along with their sensitivities are obtained
by a proper combination of those results. The decision-makers should be able to make a
choice for one of the alternatives using these fuzzy scores. (Chang, 1996) introduced a
new approach to handle fuzzy AHP by using triangular fuzzy membership value for the

pair-wise comparison.

Due to the growing enhancements in the field of education, universities all over the
world are requiring high quality and expert academic staff. Rouyendegh and Erkan
(2012) evaluated a fuzzy Analytic Hierarchy Process (FAHP) for selecting the most
appropriate academic staff where five nominees under ten separate sub-criteria are
assessed and ranked as shown in figure 2.2. The FAHP technique uses triangular fuzzy
functions with their parameters as shown in table 2.10. The AHP inability to deal with
the impression and subjectiveness in the pair-wise comparison process has been
enhanced in the FAHP. FAHP replaces the crisp value with a range of values to
incorporate the decision-makers’ uncertainty. Tables 2.11 and 2.12 demonstrate the
relevant pair-wise matrix related to weights for factors and one of the sub-factors

respectively.
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Figure 2. 2: Hierarchy for staff selection problem

Table 2. 10: Fuzzy numbers

Imporcance intensity Triangsular fuzzyv scale

Wery good (2. 5.5)
Good (1. =3.5)
M odera te (1. 3,3}
FPoor (1L/S5, 1/7=2, 1)

Wery PHOOIr (L/S, /S, 132)

Table 2. 11: Pair-wise comparison matrix and fuzzy weights for factors

DMU Work factor Individual factor Academic factor
Work factor (1,1,1) (1, 3,5) (1,2,4)
Individual factor (1/5,1/3, 1) (1,1,1) (1/4,1/2,1)
Academic factor (1/4,1/2,1) (1,2, 4) (1,1,1)

Table 2. 12: Pair-wise comparison matrix & fuzzy weights for work related sub-factors

GRE — Foreign Average Oral
Work factor (Bachelor .
Language presentation
degree)

GRE — Foreign (1,1,1) (1,3,5) (1,5,7)
language
Average (Bachelor (1/5,1/3, 1) (1,1,1) (1,3,5)
degree)
Oral presentation (1/7,1/5,1/3) (1/5,1/3,1) (1,1, 1)
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c) Comparison of AHP and Fuzzy AHP

Several researchers (Chang, 1996), (Boender et al, 1989), (Buckley, 1985a), (Buckley,
1985b), (Laarhoven et al, 1983), ( Lootsma, 1997), (Ribeiro, 1996), (Apkyn, Giizin,
2007), (Shaout & Yousif, 2014/b), who have revised the fuzzy AHP, which is the
expansion of Saaty’s theory, have conveyed evidence that fuzzy AHP shows relatively
more sufficient description of these kind of decision making processes compared to the
conventional AHP methods. Table 2.13 shows the comparison summary points between

AHP and FAHP.

Table 2. 13: AHP vs. FAHP summary

Classical AHP Fuzzy AHP

If information / evaluations are | If information / evaluations are not
1| certain, then classical method should | certain, then fuzzy method should be
be selected. selected.

Classical method cannot reflect the
human thinking style. It is mainly
2| used in discrete decision applications
and creates and deals with a very
unbalanced scale of judgment.

The pairwise weight values of AHP
3| approach is a significant factor to the
differences.

The fuzzy AHP was developed to solve
the hierarchical fuzzy problems.

While the range of fuzzy values for Fuzzy
AHP approach is not.

2.3.2 TOPSIS & Fuzzy TOPSIS Techniques

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is one of the
multi-criteria decision making (MCDM) technique that is extensively used to solve
MCDM problems (Aruldoss et al, 2013). It was firstly initiated by Hwang and Yoon
(Akkocg, Vatansever, 2013), (Hwang, Yoon, 1981). TOPSIS technique is based on the
concept that selected alternative is the shortest geometric distance to the positive ideal
solution and the longest geometric distance to the negative ideal solution [(Akkoc,
Vatansever, 2013), (Chen, 2000). In addition to assert the distance of selection
alternative to positive and negative ideal solution, TOPSIS also presents ideal and non-
ideal solutions (Wang et al, 2009). TOPSIS is mostly used in different areas of multi
criteria group decision making due to the following reasons:

1- It is built on the view that it offers the best suitable result as the shortest distance

to positive ideal solution or longest distance to negative ideal solution.
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2- It is simple, understandable and empirical.

3- It has some advantages matched to other techniques [(Akkog, Vatansever, 2013).
One of these advantages, the performance, is partially affected by the alternatives
number and powered by the rising number of alternatives and criteria in rank
differences. Also the rank of alternatives may change when non- optimum

alternative is entered (Bottani, Rizzi, 2006).

Fuzzy TOPSIS Technique:

The advantage of using a fuzzy approach is to assign the relative importance of
attributes using fuzzy numbers instead of exact numbers (Kabir, Hasin, 2012), (Yang,
Hung, 2007). This technique is mainly suitable for solving the group decision-making
problem under fuzzy circumstances. The fuzzy TOPSIS technique has the following
steps (Akkog, Vatansever, 2013): identify assessment criteria, select appropriate
linguistic variables and linguistic score for alternatives according to criteria weight,
aggregate criteria weight, construct fuzzy decision matrix and normalized decision
matrix, construct weighted normalized fuzzy matrix, form fuzzy positive ideal and
fuzzy negative ideal solutions, and calculate the distance of each alternative to fuzzy
positive ideal set and fuzzy negative ideal solution set using the vertex method.

Fuzzy TOPSIS method is used in different fields in the literature. Ghosh (2011) applied
fuzzy AHP and TOPSIS to evaluate faculty performance in engineering education. The
first ten student’s response view of a specific department have been considered to
appraise four teachers performances based on the following criteria: method of teaching,
subject knowledge, accessibility, communication skill, power of explanation, discipline
and behavior and attitude. The proposed model produced the ranking of the four faculty
members for appraising their performances.

Among several MCDA/MCDM methods developed to solve real-world decision
problems, the TOPSIS persists to work acceptably across different application areas. A
state-of-the-art literature survey to classify the research on TOPSIS applications and
methodologies was conducted in (Behzadian et al, 2012). The classification structure for
this study contained 269 scholarly papers from 103 journals from the year 2000 until
2012. The survey divided the papers into nine application areas; 1. Supply Chain
Management and Logistics, 2. Design, Engineering and Manufacturing Systems, 3.

Business and Marketing Management, 4. Health, Safety and Environment Management,
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5. Human Resources Management, 6. Energy Management, 7. Chemical Engineering, 8.
Water Resources Management and 9. Other topics. Scholarly papers in the TOPSIS
discipline are further interpreted based on publication year, publication journal, and
authors’ nationality and other methods combined or compared with TOPSIS (see table

2.14 and figure 2.3).

Table 2. 14: Distribution of papers by application areas

Area Mumber )

Supply Chain Management and Logistics Fa 27.5
Design, Engineering and Manufacturing Systems B2 23

Business and Marketing Managemeant 33 123
Health, Safety and Environment Management 258 104
Human Resources Management 24 8.9
Energy Management 14 5.2
Chemical Engineering 7 2.6
Water Resources Management 7 2.6
Other toplics 20 7.4
Total 269

v b

B S uppdhy C hain Management and Logiiscics
m Design, Enginesering and Manufacour meE Sysoermes
m Busimnme= amnd MMarketinmng MNanag e ernt
m Health, Safcety andc Erme ronmenrt W an@g ermerit
m Human Resouwurces M anagsernm st
m Energy Manasssmeaent
Chemiical Enginecsring
W arer Resources MW anagsernm erit

Drher top s

Figure 2. 3: Graphically distribution of TOPSIS papers by application areas

The performance evaluation of banks has valuable results for creditors, investors and
stakeholders since it verifies banks’ potentials to compete in the sector and has a critical
importance for the development of the sector. A fuzzy multi-criteria decision model to
evaluate the performances of banks was proposed in (Yalcin et al, 2009). The largest
five commercial banks of Turkish Banking Sector were examined and those banks were
evaluated in terms of several financial and non-financial indicators. FAHP and TOPSIS

methods were integrated in the proposed model.

23



2.3.3 Multistage Fuzzy & Cascaded Fuzzy Technique

The multistage fuzzy logic inference has been proposed (Shaout et al, 1998), (Shaout et
al, 1999), (Yeh, Li, 2004), (Chung, Duan, 2000), (Raju, Zhou, 1993), (Raju et al, 1991),
and (Yeh, Chen, 1998) in order to decrease the number of fuzzy rules for compound
systems. Besides input and output variables, intermediate variables are adopted in fuzzy
rules to mirror human knowledge. The major benefit of utilizing a multistage structure
is that the number of fuzzy rules will only grow quadraticly [0 (N?)] with the number
of input variables and membership functions (Bottani, Rizzi, 2006), (Kabir, Hasin,
2012). For example, if a seven inputs and single output fuzzy control system utilizes
eight fuzzy values for each input variable, then the maximum number of fuzzy rules will
be [ 87 = 2097152] for a single stage fuzzy system. Now considering a multistage
inference system which is divided into six stages, the number of fuzzy rules is decreased
to [ 6« 8% =384 ]. A systematic approach for designing a multistage fuzzy logic
controller (MFLC) for large scale nonlinear systems was proposed in (Yeh, Li, 2004). In
designing such a controller, the major tasks were to derive fuzzy rule bases, determine
membership functions of input/output variables, and design input/output scaling factors.
There are two fuzzy approaches that can be used to construct a performance appraisal.
The first one is using conventional fuzzy approach, which evaluates overall rating from
many linguistic fuzzy input variables without any intermediate fuzzy reasoning using
many rules. The conventional approach generates too many rules and it is difficult for
the expert to take into account all aspects and formulate rules with accurate weight.
Sometime an organization may need to weight some factor such as employee safety
observation over quantity and employee attitude or any other critical element. In this
situation, the whole process will become extremely complicated. Moreover, the function
of designing inference rules needs to use high level language instead of using the simple
fuzzy toolbox. The second approach defines the relationship between these critical
elements and accordingly specifies new large groups (Shaout, Trivedi 2013). Hence
performance analysis can be decomposed into multiple processes such as ‘Quality of
work’ and ‘Quantity of work’. Both of these processes are used in fuzzy reasoning to
determine the intermediate parameter Work. Similarly, ‘Reliability’ and ‘Relationship’
are used in fuzzy reasoning to determine the intermediate parameter person’s attitude
and then both processes ‘work’ and ‘attitude’ are combined in a second stage to build

work—attitude analysis which is then finally combined with regulatory requirement like
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‘safety’ to generate the overall performance rating as shown in figures 4 and 5. This
process is known as stage-wise fuzzy reasoning where it would be possible and flexible
to give different weights to different performance processes. However, this approach
requires more knowledge about elements’ relationships in order to combine the proper

elements in one process.

A cascaded fuzzy inference system to produce the performance qualities for some
University non-teaching staff that are established on certain performance appraisal
criteria was exploited in (Neogi et al, 2011). A cascaded fuzzy inference system (FIS)
(Ramirez, Mayorga 2007) with particular features was proposed with the aim of
organizing and analyzing the appraisal information of university staff. The proposed
cascaded FIS is implemented utilizing Mamdani-type inference. Figure 2.6 explains the
cascaded FIS components. It is based on a FIS module that contains five FISs sub-
modules in cascade named “Fuzzy communication Block”, “Fuzzy motivation Block”,
“Fuzzy interpersonal Block”, “Fuzzy decision making Block™ and “Fuzzy knowledge

level Block™.

In a multi-input multi-output condition where a system contains many subsystems and
several outputs are required from each subsystem, an enhanced form of cascaded FIS
must be implemented rather than developing FIS for each subsystem. (Mahapatra et al,
2011) proposes a new cascaded Mamdani FIS and its performance is assessed with the

assistance of prediction of Indian River water quality index (WQI).

I Quueality I — Fis1

Work —I-I wWork I
Analysis

Cuantity I —
Reliability | —» ——

Attitude | —»] Attitude
Analysis

I Rclatiunshipl —

FIs3 Fisa
Work —
VWiork
Attitude —
Analysis Owerall :»I Owverall Rrating I
Attitude | —» Rrating
I Safety I -

Figure 2. 4: Stage-wise Fuzzy Approach (Shaout, Trivedi 2013).
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Figure 2. 5: The structure of the proposed Cascaded Fuzzy Inference System

2.3.4 Fuzzy based Multifactorial Evaluation Technique

The purpose of Multifactorial evaluation is to deliver a synthetic assessment of an
object relative to an objective in a fuzzy decision environment that has many factors
(GMeenakshi, 2012). Let U = { uyq,u,, us ..., u, } be a set of objects for assessment. Let
F={f./f5f3 -, fm } be the set of basic factors in the evaluation process, and let E =
{ e ezes ...,e, } be a set of descriptive grades or qualitative classes used in the
assessment. For every object u € U there is a single factor evaluation matrix R (u) with
dimension m x n, which is usually the result of a survey. This matrix may be interpreted

and used as a 2-D membership function for the fuzzy relation F X E.

Hongxing (1990) stated that most of the mathematical models that are reliant on
numerous factors should use multifactorial functions. For example, fuzzy decision-

making, fuzzy games, fuzzy programming and fuzzy linear programming with several
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objective functions are some of these models that should use multifactorial functions

(Hongxing, 1990).

A performance appraisal system has been developed using performance appraisal
criteria from Information and communication based company in Malaysia (Yee, Chen,
2010). The system uses multifactorial assessment model in helping top-level
management to evaluate their subordinates. The proposed application is the join of four
multifactorial evaluation models each of the models denotes aspect to be assessed in the
performance appraisal. Once receiving the employees’ rating on each aspect from their
supervisor, the employees’ overall average ratings can be calculated. The concept of
four multifactorial evaluation models in the performance appraisal system could be used
to ease the changes required in the system every time it is needed. This model develops
organized stage in establishing a staff’s performance, and thus, it creates a system of
appraisal which is able to constantly generate reliable and valid results for the appraisal
process. However, others companies require to redefine and evaluate aspects and

weightage in order to use this system.

2.3.5 Hybrid Neuro-Fuzzy (NF) Technique

Neuro Fuzzy (NF) is a common framework for solving complicated problems. FIS
could be built if there is knowledge expressed in linguistic rules. If we have data, or can
learn from simulation then we can use artificial neural networks (ANNSs). The
integration of ANN and NF is generally categorized into three group’s namely
concurrent model, fully fused model and cooperative model (Ajith, 2001). A neuro-

fuzzy technique is considered as an appropriate methodology for performance appraisal.

It is a perfect technique for processing uncertainty inherent in performance evaluation
by using fuzzy logic. The utilization of fuzzy logic in the model lets users express them-
selves linguistically and to make subjective evaluations. ANN approximates input-
output functions without any mathematical model and learns from experience with trial
data. ANNs learn employee evaluation parameters based on input/output training data
sets and help in the decision making process of employee assessment. Hence, a hybrid
neuro-fuzzy technique is completely appropriate for Performance Appraisal (Nisha, Priti,
2013). A neuro-fuzzy technique for performance evaluation that eliminates any

emotional components that may have a negative effect on unbiased assessment was
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proposed in (Nisha, Priti, 2013). Fuzzy logic processes the ambiguity and uncertainty
that is observed in assessment parameters and ANN learns decision making from the

available data and experience to provide unbiased decision.

2.3.6 Type-2 Fuzzy Evaluation Technique

Type-2 fuzzy sets take a broad view of type-1 fuzzy sets and systems. Thus, more
uncertainty can be controlled. Extreme arithmetic operations are required with type-2
fuzzy sets with respect to type-1. Type-2 fuzzy sets can manage the uncertainty in
describing membership functions more efficiently. Each element in type-1 fuzzy sets
has degree of membership which is described with a membership function valued in the
closed interval [0, 1] (Zadeh, 1965). The idea of a type-2 fuzzy set was initiated by
Zadeh in 1975 as an extension of the concept of an ordinary fuzzy set called a type-1
fuzzy set (Zadeh, 1975). A multi-criteria personnel selection based on type-2 fuzzy
AHP technique was proposed in (Cengiz, Bapar, 2013). This technique was used to
select the best candidate from among three candidates who apply for a position in a

manufacturing firm.

Table 2.15 shows the summary list of all fuzzy techniques related to performance

appraisal with summary benefits description for each technique.

Table 2. 15: Related Fuzzy Techniques Summary

Performance
SN | Techniques Description & Concept Key Benefits EV;L‘;:‘;;OH
Samples
A. | Analytic It is a quantitative | -Flexible, intuitive | (Saaty,
hierarchy technique for rating | and checks | 1990)
process decision alternatives | inconsistencies.
(AHP & and selection of the | -Since problem is | (Rouyende
FAHP) one given multiple | constructed into a | gh, Erkan,

criteria. It Structures | hierarchical structure, | 2012)
the alternatives into a | the importance of
hierarchical each element
framework to resolve | becomes clear.
complicated decisions. | -No bias in decision
making.
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TOPSIS & It is one of the multi- | -It is easy to use. (Ghosh,
FTOPSIS criteria decision | -It takes into account | 2011).
making technique that | all types of criteria
extensively used to | (subjective and
solve MCDM | objective).
problems. TOPSIS | -It is rational and
technique based on the | understandable.
concept that selected | -The computation
alternative  is  the | processes are straight
shortest geometric | forward.
distance to the positive
ideal solution and the
longest geometric
distance to the
negative ideal
solution.
Multistage The multistage fuzzy | -The option of using | (Shaout,
Fuzzy & logic inference has | fuzzy output from | Trivedi
Cascaded been proposed in order | previous layers as | 2013).
Fuzzy to decrease the | fuzzy input for the
Technique number of fuzzy rules | next fuzzy inference | (Neogi et
for compound | system presents the | al, 2011)
systems. advantage of
preserving the
information about
uncertainty.
-Organizations have
flexibility to give
different  important
factor to different
critical element as per
organizational goal.
-Reduces number of
rules by dividing the
whole system into
various fuzzy
inference stages.
Fuzzy based | The purpose of | -It is easy to make the | (Yee,
Multifactorial | Multifactorial required changes in | Chen,
Evaluation evaluation is to deliver | the system whenever | 2010)
Technique a synthetic assessment | it is necessary.

of an object relative to
an objective in a fuzzy
decision environment
that has many factors.

It is  able  to
constantly  generate
reliable and valid
results for the

appraisal process.
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E. | Hybrid NF is a common | -Learning and | (Nisha,
Neuro-Fuzzy | framework for solving | adaptation Priti, 2013)
(NF) complicated problems. | capabilities.

Technique It uses FIS to resolve | -Human
an uncertainty and | understandable form
ANN to learn from | of knowledge
simulation. representation.
- Needs less
computational effort
than other methods.

D | Type-2 Type-2 fuzzy sets | -More uncertainty | (Cengiz,
Fuzzy generalize type-1 | can be handled. (L.e. | Bapar,
Evaluation fuzzy sets and | to handle uncertainty | 2013)
Technique systems, thus more | about the value of the

uncertainty can be | membership

managed and | function).

controlled. -It addresses the
criticism of type-1
fuzzy.

2.4 Summary

This chapter provided a comprehensive literature review on basic concept of fuzzy logic,
performance appraisal methods, traditional & modern methods, comparison of
performance appraisal methods, fuzzy related appraisal techniques such as fuzzy
analytical hierarchy process, technique for order preference by similarity to ideal
solution, multistage fuzzy & cascaded fuzzy technique, fuzzy based multifactorial

technique and hybrid neuron-fuzzy technique and type-2 fuzzy evaluation technique
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CHAPTER III

3. CLASSIFICATION MODEL FOR PERFORMANCE EVALUATION OF
SUDANESE UNIVERSITIES & ACADEMIC STAFF

Perception of academic service quality is important for the service providers (high
institutions), customers and ministry of higher and scientific research. In this service
model, Fuzzy analytical hierarchal process (FAHP) and fuzzy technique for order of
preference by similarity to ideal solution (FTOPSIS) have been used in developing our
evaluation model system. The FAHP is used to construct the Sudanese universities and
academic staff hierarchical frameworks of performance evaluation criteria, pairwise
comparison criteria for all criteria levels, consistency checking, aggregation, aproximate
the fuzzy priorities and then to obtain the relative criteria weights. The details process
will be explained in the next chapters (i.e. 4 to 9). Fuzzy TOPSIS method is used to
obtain the final rank of the alternatives. The bottom criteria weights were used to
construct the comparison matrix between bottom criteria and alternatives, obtain the
normalized decision matrix, compute the weighted decision matrix, compute the
positive & negative ideal solutions, compute the separation measures, calculate the

relative closeness, and then classify the alternative universities and academic staff.

3.1 Model Overview

In this model, several techniques are adapted and represented as shown in Figure 3.1. In
general, evaluating the universities performance and academic staff involves the

following steps:

1. Construct the performance evaluation system for universities & academic staff
by identifying the overall goal (top level) and evaluation criteria/elements (lower
level) that impact the overall goal, then select the scale method and structure the
decision hierarchy from the decision goal.

ii.  Construct a set of pairwise comparison matrices and design a survey to get
experts opinions/preference on the evaluation criteria that are used to measure
the universities and academic staff performance.

iii.  Check and analyze the consistency of the individual experts’ responses.

iv.  Aggregate the consistent views.
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v.  Approximate the fuzzy priorities and obtain the criteria weights.
vi.  Sort the relative distance of the alternative solutions to the ideal solution as a
ranking process.

vii.  Finally, perform model testing.

The value of fuzzy method is to set the relative precedence of measures with fuzzy
numbers rather than crisp numbers so that the experts’ subjective views could be

reflected. Details will be explained in the following sections.

Criteria ldentification Survey Design

Responses (Experts’ Views)

Individual Individual Individual Individual
Expert Expert Expert Expert
View -1 View - 2 View - 3 View - n

Consistency Check/Analysis

Aggregation of Group Decisions

Approximation of Fuzzy Priorities

Synthetic Analysis Degree of Possibility

Minimization & Normalization

Ideal Positive & Negative Distance to ideal
Solution Solutions

Closeness to Ideal Alternatives

Solution Classification

Testing

Figure 3. 1: Classification Model for PE of Sudanese Universities & Academic staff
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3.2 Process Workflow

This section presents the workflow of processes execution of the proposed classification
model in swim lane diagram (i.e. functional band) where all related tasks are visually
explained. The responsibilities were defined and shared between universities, ministry

of higher education (business owners) and experts as shown in the following figure 3.2.

3.3 Process Description

The following descriptions give more details about the process workflow and related

tasks as shown in figure 3.2

1. Define Project: In this stage, administrator needs to define project name, year, etc.
Several types of projects or several projects with same type could be defined.

2. Define Alternatives: It allows administrator to specify the alternatives for specific
related project.

3. Define Criteria: It allows you to define criteria and sub criteria for related specific
project

4. Pairwise Comparisons Template: It allows you to define the pairwise comparison
template for each level of criteria.

5. Create Evaluation Forms Template: This stage lets you define the evaluation forms
template according to the concerned bottom criteria and alternatives for related
specific project.

6. Define Scales: This process allows you to define suitable fuzzy scale for each
template. It contains the linguistic values and related fuzzy triangular numbers.

7. Project Initiation: Project initiation process allows business owner to initiate the
project by defining the experts/participants in order to start the process, send & get
the evaluation feedback.

8. Criteria Comparison Feedback: This stage gets the individual evaluation preference
feedback for criteria using the related linguistic values

9. Conversion to TFN: The system engine converts linguistic value to Fuzzy triangular

number as specified in the scale.
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34



10.

1.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Consistency Checking: System engine utilizes the proposed algorithm in sections
(7.1 to 7.4) to validate the consistency of the expert’s preference and provides
consistent options.

Criteria Comparison Aggregation: It aggregates all consistent expert feedback with
option of using different types of aggregation methods

Fuzzy Preferences Approximation: This process consists of several steps which are
explained in section 8.2.

Weight Calculation: All criteria weight are calculated and saved per each level.
Bottom Weight Calculation: Only the bottom criteria are recalculated and saved.
Alternative Evaluation Feedback: This stage gets the individual evaluation
preference feedback for alternatives using the related linguistic values. This process
could be started immediately after the initiation process (i.e. that means after the
initiation process both processes 8 & 15 could be stared simultaneously).

Define Alternative Comparison Matrix: The system engine constructs a matrix
between alternatives and related bottom criteria.

Alternatives Feedback Aggregation: It aggregates expert feedback with option of
using different types of aggregation methods

Weights & Normalization: In this stage, the alternative matrix will be normalized
and weighted with weight obtained in the process (14).

Define FNIS & FPIS: It calculates the fuzzy negative ideal solutions and fuzzy
positive ideal solution for each bottom criteria

Distance from Ideal Solutions: In this stage, the alternatives’ distances from both
negative and positive ideal solutions will be calculated.

Closeness to Ideal Solution (Ranking): In this process, the engine system calculates
the closeness to ideal solution for each alternative and accordingly ranks the

alternatives.

3.4 Summary

This chapter presented the proposed classification model and processes workflow in

functional band (i.e. graphical swim lane view). Also, a detail process description was

defined for each process.
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CHAPTER IV

4. THE PROPOSED EVALUATION CRITERIA

The first section in this chapter introduces the definitions and differences between
performance indicators, performance evaluation criteria and performance evaluation
process. The others sections focus on determining and defining the performance

evaluation criteria for universities & academic staff.

4.1 Performance Indicators, Performance Evaluation Criteria & Performance
Evaluation

A performance indicator is, generally, a statement that can be measured on successes to
the specific goals of an enterprise (Higgins, 1989). It can also be described as piece of
data gathered periodically to trace the performance of a system (Fitz-Gibbon, 1990).
While Evaluation Criteria are standard measures formed to assess the accomplishment
degree of the expectations and goals in alternative solutions, individuals or proposals

through direct comparisons of their strengths and weaknesses.

Performance evaluation is an organized and regular process that evaluates an
organization, education institution or an individual employee’s job functioning and
output in relative to certain pre-established criteria and organizational goals. In Higher
educational, Institutes or Universities performance of academic staff is key factor in
ranking the universities. It is appraised on the basis of definite factors like students’
feedback, teaching-learning and assessment related activities, expert development
activities such as doing research work, contributing to national and universal
conferences, publishing research papers and research articles, leading and contributing
in workshops. The judgments and views of managements, coworkers, sub-ordinates also
perform essential role in performance measurement. All these factors are jointly used to
evaluate an academic staff’s performance. Recently, many researchers all over the
world, started to employ fuzzy logic for efficient measurement of academic staff
performance. The idea behind Fuzzy logic is to mimic the capability of the human mind
to efficiently utilize styles of reasoning that are approximate rather than precise

(Bhosale, Kulkarni, 2013).
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As outcomes from literature review, two set of criteria were defined (Yousif, Shaout,
2016/a). The first one is for university performance evaluation and the other one is for

academic staff performance evaluation.

4.2 University Performance Evaluation Criteria

We concentrated in the main nine factors for university performance evaluation. These
criteria are part of the national standards directory of quality assurance for higher
Education in Sudan which was established by the Evaluation and Accreditation
Commission (EVAC) in the Ministry of Higher Education and Scientific Research
(EVAC, 2012). The nine factors/criteria and related sub-factors/criteria were listed in
Table 4.1 and structured as AHP in Figure 4.1. The following is a brief description of

each:

e Institutional Frame Work (UC1): This factor is used as indicator for institute
identification, programs, activities and roles in the society. Any development for
education institute should consider and start from the institutional frame work.
Institutional frame work includes the following sub criteria: strategic planning,
vision, mission, goals & objectives and operational plans.

e Governance & Administration (UC2): This factor defines and controls the
institution. It includes the following sub criteria: rules and regulations,
organizational and functional structures, boards, committees, leadership, external
relation and financial resources & management.

e Infrastructure & Services (UC3): It is one of the most importance tools that help
the institution to perform several functions and achieve the organization mission.
This factor consists of the following sub criteria/factors: sites & spaces, Facilities
and equipment, university services, structure of information and communication
technology.

e Human Resources (UC4): Human resource plays the main role in preparing and
executing the policy and plan of institution. It comprises the human resources
management, academic staff and helping frames.

e Students & Graduates (UCS5): Students and graduates factor is one of the most

importance of inputs and outputs of the educational process. It includes the
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following sub criteria: Admission and Registration, Student Affairs Administration
and graduates.

Teaching and Learning Resources (UC6): This factor includes academic
programs, curriculums, academic advising/counselling, academic evaluation for
students, libraries, electronic libraries, laboratories, workshops and centers of
educational technologies.

Scientific Research and Graduate Studies (UC7): It includes administration of
scientific, research, funding of scientific research, marketing of scientific research,
administration of graduates studies, admission supervision & evaluation of
postgraduate’s students and postgraduate programs.

Community Service (UC8): One of the important roles of education institution is
relationship and services that provided to the community. It includes following sub-
criteria: management of community service and community service programs.
Quality Management (UC9): This factor concerns about availability of procedures
that ensure the compliance of the requirements and standards. This factor includes

the following sub criteria: quality management and quality management programs.

Table 4. 1: University performance evaluation criteria and related criteria key code.

C C

Code Main Criteria Code Sub Criteria

UCI1 | Strategic Planning (s> _inY! Jashaiill)

UCI12 | Vision (43,Y)
Institutional
UC1 | Frame Work | UCI13 | Mission (4w _l)

UC14 | Goals and Objectives (<Y 5 cliall)

UCI15 | Operational Plans (il Llal))

UC21 | Rules and Regulations (=) sl 5 alaill)

UC22 Organizational and Functional Structures ( JSkel)
Aabda 5l) 5 dpaalaill)

Governance & | UC23 | Boards (usllaall)
UC2 | Administration

oY ds sl | UC24 | Committees (O=ll)

UC25 | Leadership (32uall)

UC26 | External/Foreign Relations (fas Jlal) culdSlall)
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Financial Resources and Management ( 2_) s<ll

V271 Ly 2y
UC31 | Sites and Spaces (<aluall 5 a8l 5all)
UC32 | Facilities and Equipment (&3 juea 5 <Laiall)
Infrastructure &
UuC3 Services University Services and Departments ( <ol
! UC33 . P
The Structure of Information and
UC34 | Communications Technology ( <le slaall 238 4,
OYLaiyl )
UC41 | Human Resource Management (4l 2 ) sall 3,131
Human
uc4 Resources UC42 | Faculty Members (usl 4 clacl)
Al 2 )l sall
UC43 | Helping Frames (32cludl ,hYl)
UC51 | Admission and Registration (Jull 5 J sl
Students & - - — -
UCs Graduates Ucs? ]?j;li?l.p - ?:u\cjszﬁffalrs Administration
G Al Q) (5 A )
UC53 | Graduates (052 A1)
UC61 | Academic Programs (A ol zal yll)
UC62 | Curriculum (zaliall)
UC63 | Academic Advising/Counseling (s<x\SY) 2L yY)
Teaching and Academic Evaluation for Students ( eSY) oy sill
g uced | vy
Learning oLl
uce Resources UC65 | Libraries (<Lisall)
) g andaill
(t:sjb;u} UC66 | Electronic Libraries (dxal Y culisall)
UC67 | Laboratories (<) il
UC6s Workshops (workshops / ceremonies) ( - Ui 5!
sl all / JeLsall)
Ucgo | Centers of Educational Technologies (Sl S)
Aaadall)
Administration of Scientific Research (&l 5 )l
UC71
A
. UC72 | Funding of Scientific Research (sl sl s o)
Scientific : — -
Research and | UC73 | Marketing Scientific Research (el Sl 5) 505)
Graduate Administration of Graduate Studies ( <bal yall 5 )
ucC74
ucr Studies L1l
salall Admission, Supervision and Evaluation of
Wall el yally | UCT75 | Postgraduate's Students (<l ¥ s sl 5 J a8l
Llad) sl Halls U ?73)533)
UC76 | Postgraduate Programs (=) <ubal jall zeal )
UCs Community UC81 | Management of Community Service ( 4es 3 )3l
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Service ainall)

UC82 | Community Service Programs (geisall 4623 zxal 1)

Quality UC91 | Quality Management (325l 3)1))
UC9 | Management
33 gall 5 4l UC92 | Quality Management Programs (525} 313 gl 1)

4.3 Academic Staff Performance Evaluation Criteria

As outcomes from literature review, six main criteria were defined for academic staff

evaluation (Yousif, Shaout, 2016/a; <) sl se 2010). The following are the summary

of these criteria and related sub criteria as listed in Table 4.2 and structured as AHP in

Figure 4.2.

Excellence in Research and Scientific Activities (AC1): This criterion includes
sub criteria such as publications, qualities of research, invitation to lecturer in
important conferences, participation in postgraduate thesis examination &
discussion and membership in editorial boards of journal.

Teaching Quality (AC2): Teaching quality evaluates the teaching aspects such as
ability to cover different materials efficiently, commitment to academic work,
academic counselling and office hours, teaching attitude, teaching advance courses
and designing teaching programs and syllabi.

Service & Administration (AC3): This criterion evaluates all related
administration services such as participation in faculty technical committees, taking
part on managerial roles and participation in scientific community in Sudan.
Knowledge Transfer/Exchange and Engaging Communities Performance
(AC4): This criterion assesses the activities & collaboration with public groups,
application of knowledge to improve business/industry/commerce, enhancement the
quality of life for community and involvement of projects supported by
faculty/university.

Student Feedback (ACS): Students evaluate academic staff in the following area
teaching capabilities and preparation for lecture, material contribution in the
scientific achievement of students, content of material and relationship with students.
Peers Feedback (AC6): Pecers evaluate the academic staff in the course content,
delivery and teaching methods, learning environment, collaboration and
professionalism.
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Table 4. 2: Performance Evaluation Criteria for Academic Staff & related criteria code.

CC.

Main Criteria

CC.

Sub Criteria (Level-1)

AC1

Excellence in
Research and
Scientific
Activities

Agalel) A )

AC11

Publications
() siall s & gl

AC12

Quality of Research
(&L}j;.ﬂ\ YN )

AC13

Invitation to Lecture in Important Conferences
(<l 923 / Al ) jaigall (85 palaa oLl & ge)

AC14

Supervises postgraduate students and participates
in postgraduate thesis examination/Discussion

( AuBlia L34S JLiall 5 dadia il 53 e J geanll OOl e il yay)
Aila 5 ,hY)

AC15

Membership in Editorial Boards of Prestigious

Journals
(38 30 pall 3lnall g o i 8 %y pinnl)

AC2

Teaching
Quality

(Re s 583
ol

AC21

Teaching and ability to cover different materials

efficiently
(366 AR ) pal) ddass e 3, 5 el )

AC22

Commitment to academic work, academic

counseling and office hours
e SY) AL Y1 5 Sl e Ludl 5 Jaadly ol 20Y)

AC23

Teaching Attitude (preparation, patient, attendance,

etc.)
(Ol b aiall & sl 5 L)

AC24

Teaching Advanced Courses
(h.\ﬁa&\);éw‘)ﬁ)

AC25

Counseling Students
(Callall el jLinny) g clals YY)

AC26

Designing and Writing Teaching Programs and
Syllabi,
(ol 52 zealiall s Fyarlaill ol ll S 5 asara)

AC3

Services &
Administration

(amsj\)

AC31

Taking part in Faculty Technical Committees

AC32

Taking Part on of Managerial Roles
(RaY1 1Y) 3 AS i)

AC33

Activities that Enhance the Research, Teaching,

Educational and Social Endeavors of the Faculty
ebac ¥ Tuelaia¥) 2 seall s Lpagleill 53 50 5l o gadl a3 3 AadsV)
ol da

AC34

Participation in Scientific Community in Sudan
(sl b alall wainall b 48 Laall)

AC4

Knowledge
Transfer/
Exchange and
Engaging
Communities
Performance

(Jaliy Jus

AC41

Activities & Collaboration with Public groups
(Al e sanall aa () sladil 5 Aai¥ll)

AC42

Application of Knowledge to Improve the

Performance of Business, Commerce or Industry)
(Aeluall 5 5 lail) s Jee V) elal (ppunil 46 el (Gaukas)

AC43

Enhancement of Quality of Life of a Community
(i.e. Improving safety and sustainability and
protecting the environment)

(arinallsladl dae 55 3y g (pand)
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A1) 5 4
Cladiaall 438 5

ilaall)

AC44

Involvement in and Development of Projects

Supported by Faculty/University

(laalall / IS0 Lo 5 1 g jLiall ket 3 48 Ladll)

CC.

Main
Criteria

CC.

Sub Criteria
(Level-1)

CC.

Sub Criteria (Level-2)

ACS

Students
Feedback

( &Mu\
QLEA).AJ
sl
_IN|))

ACS1

AC511

Distribution of Teaching study
plan in the first week

(& sl 8 Ayl Adadll a5 58
J )S]\)

Teaching

AC512

Clear, coherent and systematic
way of lectures demonstration
(& palaal) & Zpalall 33lal) (2 je
plaia g Lol jia g peudal 5 JSiy)

capabilities and
preparation for
lecture

AC513

Exploits the time of lecture

effectively
(Jlad <y ) jualad) 5 JDlaiad)

(K g ililSal
QN (A (i)

ACS514

High experience and skills in
the scientific courses
(Z\:\Alaj\ 3alall L:A BJL«_AS\} a)..\ij\)

Alac Y g salall
el Jpaailly)

ACS515

The compatibility between the
plan and what was actually
taught.

(Los adaall il jia (AL G381 5
Sxd g )5 )

AC516

Adherence to the dates/times of
lectures
(<l pualaall el sa o) 3NY)

ACS52

ACS21

Students motivates and
participation

o ki Clga g ey 5 Allall 4S jLi
salall J BN

Material

ACS22

Interest in academic
achievement of students in
General

ALl 5l Gl Sl
ale iy

contribution in
the scientific
achievement of
students

AC523

Students respect within the
professional standards and
ethics

e Gasa ) jialy ) ae Jalall
Ll 5 Agal)

(& salall Aaalica
bl Jranil)
Akl

AC524

Teaching methods that evoke
the thinking and curiosity

s Apmn il ) pSall s

ACS25

lustrative and applied
methods in the lecture's
presentation

G a) il g g i) L)
salall

AC526

Diversity in Teaching Methods
20 Lay Gyl 3 )b S g il
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:LAH\ &LLALAJ saldll &H‘}d

ACS27

Clear and understandable
language in teaching the
material

G (A e sgde s Al 5 23 aakiud
salall

AC53

AC531

Compatibility of exam content
with terms of the teaching plan.
o lilaiaY) (5 sine 3855 Adadl)
A,

Assess the
content of
material

ACS532

Discussion of exam questions
and correct answers
Jaie¥) e ) ALl

(EJLA.‘\ & 5iaa 6‘-‘55-‘)

AC533

Diversity in measurement
techniques to assess student
achievement grades

) G ol ol g gl
agiedle i

AC54

Relationship of

AC541

Compliance with Teacher's
office hours and encourage
students to utilize this period.
) aaii el e Ll o )
e B sl

faculty member
and students

AC542

Accuracy and fairness in grades
Ciladlal) slac ! a Alanll 5 45

(sas O AR
5 ol i
allall)

AC543

Motivates students to see the
different references

33kl QA\JA &c &NLM :L\Ual\ ).\S;J
i)

AC544

Students' attitudes development
el sawa AT Clile 5 cilalad)
Akl

AC6

Peers
Feedback

( &E\.L;Iu\
GldasSla
sl
a3l
i sloac]
il

ACé61

ACe611

Explanation of subject and
main outlines
Gl & guin g il paiasl § a5

Course Content
(Lo (s gina)

ACe612

State of the Art
o alall Ela ¥l g alall 41 Jua 3
Jall

AC613

Clearness of Course objective

ACo614

Consistency of Course content
and Syllabus
el 5 )5S (5 i Bl

AC62

Delivery and

AC621

Trapsition Between Ideas
S e Gl Q)

Teaching
Methods

AC622

Using Examples to Clarify
Concepts
ptliall aa il ALY o

(( By apil
oAl

AC623

Organized Presentation
dalaic 4y Hhay 30l e
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AC624

Instructor’s Enthusiasm
g s sall G pxil g Jll 5 ulasl)

AC625

Adapting Material to student

needs
Ol calabiag il 3alall Causs
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Promotion a safe learning

environment for students
RAEWRRPINEI
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AC641

Genuine interest in work
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AC642

Field Knowledge
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AC643

Respect for Staff and Students
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Communication skills
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4.4 Application of FAHP & FTOPSIS to Universities & Academic Staff
Performance Evaluation

The proposed classification model in the prior section (Figure 3.1) is exploited to build
structured technique for organizing and analyzing complex decision as shown in Figures
4.2 & 4.3. In our case study, the various elements/criteria are evaluated by comparing
them to each other two at time, with respect to their impact on an element/criterion
above them in the hierarchy. For example, we compare the (UC11: Strategic Planning)
criterion with following criteria (UC12: Vision), (UC13: Mission), (UC14: Goals and
Objectives) and (UC15: Operational Plans) with respect to (UCI: Institutional Frame-
work) Criterion as shown in Figure 4.3. Similar comparisons were designed & executed
for all criteria at several levels using the related linguistic values, which will be
converted into triangular fuzzy numbers as indicated in the Scale in Table 4.3 (Tolga et

al, 2005). More detail will be presented in the following sections.

Table 4. 3 Triangular Fuzzy Scale (TFN values)

SN Statement TFN
1 Absolute — more Important (2/9,1/4,2/7)
2 Very strong — more Important (2/7,1/3, 2/5)
3 Fairly strong — more Important (2/5, 172, 2/3)
4 Weak — more Important (273, 1, 3/2)
5 Equal (1,1, 1)
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6 Weak — less Important (273, 1, 3/2)
7 Fairly strong — less Important (3/2,2,5/2)
8 Very strong — less Important (5/2,3,7/2)
9 Absolute — less Important (772, 4,9/2)
Goal o
(Best University/ o
Facully/Institute =
=
D
=
O
g § § § § & § g A 1E
@
=
o
2 g
_ 5 1 2 ik
_ 38 | o afH
&
@
=
y y y Y y 9"
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Figure 4. 1: Hierarchical Framework of PE Criteria for Sudanese Universities
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Main Criteria Sub Criteria (level1) Sub Criteria (level2) Alternatives
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Figure 4. 2: Hierarchical framework of PE criteria for Academic Staff
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Figure 4. 3: Pairwise comparison of UC11 with other in same level with respect to UC1

4.5 Evaluation Approach

The 360-degree approach is a popular performance appraisal technique that includes

evaluation inputs from a number of people and may include immediate supervisors,

team members, customers, peers and self (Jafari, 2009). 360 Degree provides people

with information about the influence of their action on others. The following are some

features and benefits of this method:

- Academic staff gain more understanding of their impact on people and how they are
perceived by others such as students, peers, dean and department’s head,

- Increases consistency in the academic performance,

- Provides complete analysis of academic staff,

- Enhanced awareness and importance of competencies, and

- Legally more defensible.

The disadvantage of this approach as follows: difficult to maintain the confidentiality

and time consuming.

In this research, we used 360-degree feed-back approach; also known as multi-rater
feedback evaluation approach to conduct the overall evaluation of academic staff
(Mahar, 2009). Four entities were involved in the evaluation; self-evaluation, the
department head, dean, peers/collogues and students as shown in Figure 4.4. Evaluation

forms are formulated for each entity as you will be shown in the chapter 5: Department
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head /dean evaluation form, Students feedback evaluation form, Peers/colleagues

evaluation form (Figure 5.2, 5.3 & 5.4 respectively).

Academic

Staff
Performance
Evaluation

Dept. Head

Figure 4. 4. Academic Staff Evaluation Approach, 360-Degree feedback

4.6 Summary

In this chapter, a detail evaluation criteria and sub-criteria for universities and academic
staff performance assessment were specified, defined and coded which is considered as
accomplishment for the one of aims of this thesis. Hierarchical frameworks of
performance evaluation criteria for Academic Staff and universities were constructed
using criteria codes. Finally evaluation approach (i.e. 360 degree) was introduced for
academic staff evaluation. This chapter accomplishes one of the aims of this thesis by

identifying the evaluation criteria
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CHAPTER V

5. SURVEY DESIGN

This chapter is organized to present the goal & objectives of the survey, the target
population, and discuss survey reliability and validity checking. Question structure &

response format are defined and two types of survey forms are designed and explained.

5.1  Goal & Objectives

A successful survey begins with an understanding of the survey’s goals and objectives.
The overall goal of this survey is to evaluate performance and rank of Sudanese

universities and academic staff. The following are the associative objectives:

e To determine the degree of importance among the proposed evaluation criteria
for Sudanese University & academic staff.

e To determine the experts’ views towards Sudanese universities performance
against each criterion.

e How satisfied is the students with academic staff performance.

e How satisfied is the peers with academic staff performance.

e How satisfied is the department head with academic staff performance.

5.2 Target population

The interested population in this survey includes experts in the high educations,
academic staff and students in Sudanese institution. A ‘Sampling’ process is typically
used by selecting only subset of the total population. Hybrid type of survey is used

(Recording response, presenting the question & contacting potential respondent).

5.3  Reliability & Validity

Although survey uses simple comparison process between two criteria with predefined
responses values (i.e. pairwise comparison technique), the test-retest measurement is
used to measure the survey reliability. We test and retest one layer of comparison
question for the same responders at different points of time. The degree of stability

exhibited when a measurement is repeated under identical condition is acceptable (i.e.
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correlation coefficient >=0.7). Hence each survey question will mean the same thing to
everyone including those administering the survey. The design is reliable and leads to
the same understanding. The predefined responses are linguistic values which suit the
uncertainty and fuzziness measurement.

As validity assessment, reviewers who have some knowledge of subject matters are
assigned to check how well a survey measures what it sets out to measure. This process

consists of an organized review of the survey’s content (i.e. ensure that it contains

everything it should).

5.4  Question Structure & Response Format

All the survey questions are closed questions where a list of predefined responses is
provided as shown in the scale in table 5.1. The “Field test” with a sample of potential
respondents is conducted to verify that the process is smooth and completely
understandable by our target population.
Simple unified Question structure and response format is used in this survey. The
following shows an example:
General sample of question structure:
Q1 How important is “Criterial”

Q1.1 when it is compared with Criteria2

Q1.2 when it is compared with Criteria3

Q1.3 when it is compared with Criteria4
Sample of Answer Format

Table 5.1 shows a sample answer format where a list of predefined fuzzy linguistic

value responses is available.

Table 5. 1 : Sample Answer responses.

Ilmportant
More Important Equal Less Important

- m m
5 | B, u g
= =5 |22=8 = = = =¥ ¥ |5 =
S | 2|55z 8| 3 |B|5e|5¢e |5 2
Qll |- « Criteria-2

|

[

2 . .

ol % W Criteria-3
QL3 (¥ o Criteria-4
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Answers Explanation:

o The 1°" answer for Q1.1, means that, Criteria-1 is More Important than Criteria-2

by Weak degree.
o The 2" answer for Q1.2, means that, Criteria-1 is Equal important to Criteria-3.

O The 3" answer for Q1.3, means that, Criteria-1 is Less Important than Criteria-4

by Very Strong degree.

5.5  Survey Forms

In this study, two types of survey forms were designed. The first survey is to allow
experts to provide qualitative assessments for determining the relative importance of the
evaluation criteria with respect to the overall objective (selecting university/academic
staff). The second survey also is to allow expert to provide the qualitative assessments
to determine the performance of each alternative (University/Academic staff) with

respect to each criterion.

5.5.1 The 1st Type of Survey (Pairwise Comparison Matrices)

Pairwise comparison is generally used to estimate preference values of criteria among
themselves. Since some of the decision data of evaluating university or academic staff
can be precisely assessed while others cannot, therefore; linguistic variables were used
in our survey. Generally human experts are ineffective in making quantitative
estimation, whereas they are comparatively competent in qualitative forecasting (Kulak,
Kahraman, 2005). Experts in survey can evaluate and determine the importance levels
of these criteria by selecting the related linguistic variable, which will be converted into
the following scale including fuzzy numbers (TFN: Triangular fuzzy number) as shown

in Table 4.3.

In this type of survey, the views of the experts have been obtained for each level of
criteria hierarchy. The following are samples’ questions and answers sheets of

university and academic staff:

A. Sample of Pairwise Comparison Survey for University Evaluation Criteria:

a. Main Comparison Questions:

This question’s comparisons represent the pairwise comparisons of the main criteria for
university with respect to overall objective. Assume a level with N criteria, and then the

number of comparison’s layers is equal to N-1. In our example, this level contains 9
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criteria and as explained below 8 layers of comparisons are required (i.e. No of layers =

N — 1, where N is total number of criteria in the concerned level).

The following 8 comparisons’ questions have been designed among the nine main

criteria for universities (i.e. UC1 to UC9):

e Comparison between ‘UCI: Institutional Framework’ criterion and others criteria
such as ‘UC2: Governance & Administration’, ‘UC3: Infrastructure & Services’ ...
‘UC9: Quality Management’.

e Comparison between ‘UC2: Governance & Administration’ criterion and other
criteria such as ‘UC3: Infrastructure & Services’, ‘UC4: Human Resources’ ...
‘UC9: Quality Management’.

e Comparison between ‘UC3: Infrastructure & Services’ criterion and other criteria
such as ‘UC4: Human Resources’, ‘UCS: Students & Graduates’... ‘UC9: Quality
Management’.

e Comparison between ‘UC4: Human Resources’ criterion and other criteria such as
‘UCS: Students & Graduates’, ‘UC6: Teaching and Learning Resources’ ... ‘UCO:
Quality Management’.

e Comparison between ‘UCS: Students & Graduates’ criterion and other criteria such
as ‘UC6: Teaching and Learning Resources’, ‘UC7: Scientific Research and
Graduate Studies’ ... ‘UC9: Quality Management’.

e Comparison between ‘UC6: Teaching and Learning Resources’ criterion and other
criteria such as ‘UC7: Scientific Research and Graduate Studies’, ‘UC8: Community
Service’, and ‘UC9: Quality Management’.

e Comparison between ‘UC7: Scientific Research and Graduate Studies’ criterion and
other criteria such as ‘UC8: Community Service’ and ‘UC9: Quality Management’.

e Comparison between ‘UC8: Community Service’ criterion and ‘UC9: Quality
Management’.

The following questions and answers sheet were designed for university evaluation

criteria (i.e. pairwise comparison survey). Each point in the above are represented by

one compound question:
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Comparison between ‘UCI: Institutional Framework’ criterion and others criteria
such as ‘UC2: Governance & Administration’, ‘UC3: Infrastructure & Services’ ...

‘UC9: Quality Management’.

Q1: How important is “Institutional Framework (el Jda¥1)”

Q1. 1when it is compared with “Governance & Administration (3_)2¥) 5 &S sal1)?

Q1.2 when it is compared with “Infrastructure & Services (&l Adl)»?

Q1.3 when it is compared with “Human Resources (&:_xll 2 ) sall)*?

Q1.4 when it is compared with “Students & Graduates (cra Al s @3all)*?

Q1.5 when it is compared with “Teaching and Learning Resources (L jibaa y alaill 5 ailaill)??

Q1.6 when it is compared with “Scientific Research and Graduate studies (<bul all 5 calall Sl
Ly

Q1.7 when it is compared with “Community Service (g<isll 433)”?

Q1.8 when it is compared with “Quality Management (3252 3_))2)”?

Comparison between ‘UC2: Governance & Administration’ criterion and other
criteria such as ‘UC3: Infrastructure & Services’, ‘UC4: Human Resources’ ...

‘UC9: Quality Management’.

Q2: How important is “Governance & Administration (3139 4aS gall)”

Q2.1 when it is compared with “Infrastructure & Services (43l Adl)??

Q2.2 when it is compared with “Human Resources (4_xll 2 ) sall)*?

Q2.3 when it is compared with “Students & Graduates (s> a5 <OUally??

Q2.4 when it is compared with “Teaching and Learning Resources (Lot _jibaa s alaill 5 aidaill)??

Q2.5 when it is compared with “Scientific Research and Graduate studies (<bulyall 5 oalall Sl
L\laj\)”?

Q2.6 when it is compared with “Community Service (aaissll 4233)”?
Q2.7 when it is compared with “Quality Management (322l 5 ))3)?

Comparison between ‘UC3: Infrastructure & Services’ criterion and other criteria
such as ‘UC4: Human Resources’, ‘UCS5: Students & Graduates’... ‘UC9: Quality

Management’.

Q3: How important is “Infrastructure & Services (4iaill i)~

Q3.1 when it is compared with “Human Resources (44l 2} 5411)?
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Q3.2 when it is compared with “Students & Graduates (Csa2 305 <Ol )2
Q3.3 when it is compared with “Teaching and Learning Resources (Lt jilac 5 alaill 5 ailaill)??

Q3.4 when it is compared with “Scientific Research and Graduate studies (<bulyall 5 oalall Sl
Llall)??

Q3.5 when it is compared with “Community Service (gaissll 4013)”?

Q3.6 when it is compared with “Quality Management (325l 5_,121)”?

Comparison between ‘UC4: Human Resources’ criterion and other criteria such as
‘UCS: Students & Graduates’, ‘UC6: Teaching and Learning Resources’ ... ‘UC9:
Quality Management’.

Q4: How important is “Human Resources (&<l 3 sall)”

Q4.1 when it is compared with “Students & Graduates (03 5 <Oally?
Q4.2 when it is compared with “Teaching and Learning Resources (La_jilac 5 alaill g ailaill)?

Q4.3 when it is compared with “Scientific Research and Graduate studies (bl Al 5 calall Sl
AN

Q4.4 when it is compared with “Community Service (g<isll 433)”?

Q4.5 when it is compared with “Quality Management (322l 5 ))3)?

Comparison between ‘UCS: Students & Graduates’ criterion and other criteria such
as ‘UC6: Teaching and Learning Resources’, ‘UC7: Scientific Research and

Graduate Studies’ ... ‘UC9: Quality Management’.

Q5: How important is “Students & Graduates ({3 A0 5 @Dkall)”

Q5.1 when it is compared with “Teaching and Learning Resources (L _jibaa g alaill 5 ailaill)??

Q5.2 when it is compared with “Scientific Research and Graduate studies (<bulyall 5 oalall Sl
Ly

Q5.3 when it is compared with “Community Service (g<isall 4033)”?

Q5.4 when it is compared with “Quality Management (3221 3_)2)?

Comparison between ‘UC6: Teaching and Learning Resources’ criterion and other
criteria such as ‘UC7: Scientific Research and Graduate Studies’, ‘UC8: Community

Service’, and ‘UC9: Quality Management’.
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Q6: How important is “Teaching and Learning Resources (L& _jiuaa g alzill g aslaill)”

Q6.1 when it is compared with “Scientific Research and Graduate studies (bl jall 5 oalell Sl
Llall)??

Q6.2 when it is compared with “Community Service (agaissll 4013)”?

Q6.3 when it is compared with “Quality Management (322l 3_))2)?

e Comparison between ‘UC7: Scientific Research and Graduate Studies’ criterion and

other criteria such as ‘UCS8: Community Service’ and ‘UC9: Quality Management’.

Q7: How important is “Scientific Research and Graduate studies ( i) Cal)
L) el ) )

Q7.1 when it is compared with “Community Service (aais<ll 4233)”?

Q7.2 when it is compared with “Quality Management (3252l 3 ))3)?

e Comparison between ‘UC8: Community Service’ criterion and ‘UC9: Quality
Management’.
Q8: How important is “Community Service (&aixall 4a33)”

Q8.1 when it is compared with “Quality Management (3252 5_)2)?

b. Main Comparison Answer Sheet

The answers sheets were designed to allow experts to indicate his/her preference for the
focal criterion which was mentioned in the main question (i.e. left side criterion in the
answer sheet) to other criteria mentioned in the sub-questions (i.e. right side criteria in
the answer sheet). The answers are represented to indicate the expert preference on the
main criterion mentioned in beginning of the questions. For example, in Q1, the answers
represent the important degree of “Institutional Framework™ criterion with respect to
others criteria. The below table is sample of answer sheet for the main criteria for

university criteria.
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Table 5. 2: Answer Sheet Sample for the main university criteria evaluation survey

Important

More Important | Eql. | Less Important
g | = &
B ) [} ] )
=) — Q (] —_ [=]
& |© |2 355|218 |=|&85|>5 38 ©
< <
Ql.1 v Governance &
Administration
Ql.2 o Infrastructure &
_g Services
Q1.3 q;) _ v Human Resources
Ql.4 % ;75‘5‘ o Students &
s ( L 1 ] Graduates
Q1.5 E == ayer Jv Teaching and
o i Learning Resources
Ql.6 :é = v Scientific Research
b and Graduate studies
|
1.7 | — . .
Q Community Service
v
Q1.8 v Quality Management
Q2.1 Infrastructure &
5 Services
Q2.2 E Human Resources
Q2.3 g = Students &
_g 4 ( \ Graduates
Q24 | < :‘/i /_.J Layer 2 J Teaching and
°3 7 N Learning Resources
Q2.5 % = Scientific Research
c and Graduate studies
(]
Q26| 3z Community Service
()
Q2.7 Quality Management
3.1
Q Human Resources
Q3.2 . Students &
ks Graduates
>
Q33| @ _ J Laver 3 Tegching and
] 'ﬂg = Learning Resources
(]
Q34| 5 7
*(’3) ! Scientific Research
5 and Graduate studies
(%]
©
e
Q5] = Community Service
Q3.6
Quality Management
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Q4.1 Students &
g _ Graduates
Q42| 57 J Teaching and
g D Layer 4 Learning Resources
Q4.3 | = :1 N\ J Scientific Research
g 2 and Graduate studies
Q4.4 2 Community Service
Q4.5 Quality Management
Q5.1 & Teaching and
g i Learning Resources
Q42 | o 7 J Scientific Research
g o) — Layer 5 and Graduate studies
Q5.3 z qi b g Community Service
[}
@)
Q5.4 B — Quality Management
(%]
Q6.1 | @
&)
§ . Scientific Research
QL fi and Graduate studies
2 )
€7 Layer 6
Q6.2 | 5 \ J . .
Q o Community Service
z ]
Q63| § 3
w 3
= Quality Management
®
(]
|_
VAN
© T
© 2
H o Community Service
22
©
2 2
28 —J Layer 7 ]
Q721 @ g — v J Quality Management
A 5
Q1| g
>
A 4 B
Z f __——— Laver 8 ] Quality Management
%)
E W
1S
o
o

c. Answerers Meaning
The answers (check marks) in layer 1 indicate the following meaning:
Answer of Q1.1: The “Institutional Framework™ Criterion has Equal Importance with

“Governance & Administration” Criterion.
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Answer of Q1.2:

The “Institutional Framework™ Criterion has More Important than “Infrastructure &
Services” criterion by Weak degree.

Answer of Q1.3:

The “Institutional Framework” Criterion has Less Important than “Human Resources”
by Fairly Strong degree.

Answer of Q1.4:

The “Institutional Framework” Criterion has Less Important than “Students &
Graduates” by Absolute degree.

Answer of Q1.5:

The “Institutional Framework” Criterion has Less Important than “Teaching and
Learning Resources” by Very Strong degree.

Answer of Q1.6:

The “Institutional Framework” Criterion has More Important than “Scientific Research
and Graduate studies” by Fairly Strong degree.

Answer of Q1.7:

The “Institutional Framework” Criterion has More Important than “Community
Service” by Very Strong degree.

Answer of Q1.8:

The “Institutional Framework” Criterion has More Important than “Quality
Management” by Absolute degree.

d. Level 1 Comparison Questions (sub criteria):

It 1s comparison among the sub criteria with respect to the related main criterion. For
example, the comparison’s questions for sub-criteria with respect to the main criterion

“Institutional Framework” as follow:

Q1 How important is “Strategic Planning (5 _i«Y) Jalaisl))?
Q1.1.1 when it is compared with “Vision (43_1)"?
Q1.1.2 when it is compared with “Mission (4w _11)”?
Q1.1.3 when it is compared with “Goals and Objectives (<sla¥! 5 Ll)??
Q1.1.4 when it is compared with “Operational Plans (324l Jalaill)”?
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Q2: How important is “Vision (&3.%)”
Q1.2.1 when it is compared with “Mission (4w 1)”?
Q1.2.2 when it is compared with “Goals and Objectives (<sla¥) 5 Ll)??
Q1.2.3 when it is compared with “Operational Plans (duiill Jalaall)»?

Q3: How important is “Mission (4w _il)”
Q1.3.1 when it is compared with “Goals and Objectives (<slaa¥) 5 U2
Q1.3.2 when it is compared with “Operational Plans (il Jakaall)*?

Q4: How important is “Goals and Objectives (<ilaa¥) g <blal))”

Q1.4.1 when it is compared with “Operational Plans (duéiill Jalaall)?

e. Level 1 Comparison Answer Sheet (sub-criteria)

The answers sheets were designed to allow experts to indicate his/her preference for the
focal criterion which was mentioned in the main question (i.e. left side criterion in the
answer sheet) to other criteria mentioned in the sub-questions (i.e. right side criteria in
the answer sheet). The answers are represented to indicate the expert preference on the
main criterion mentioned in beginning of the questions. For example, in Q1.1.1, the
answers represent the importance degree of ‘Strategic Planning’ criterion with respect to

others criteria. Table 5.3 is shows sample of answer sheet for the sub criteria.

Table 5. 3: Answer Sheet Sample for sub criteria related to UC1 criterion

With respect to the main criteria : Institutional Framework (sl JaY) )
Important

More Important Eql Less Important

» o .8
S St
5 8 8
a 5 2 en > oh Y > &0 an 2 5
S > & M43 2 > =
s P S 5§85 =8/ 8 5 |8 585 §E& 5 DS
o = 2 > 5 < = o < B > = 2 =
< <
Ql.1.1
en Vision
Ql12 £ o
E ' Mission
o =
>
QL.1.3 gni Goals and
£ Objectives
QLl4 & 3[3
A~ Operational Plans
Q121 g :',: Mission
Ql22 & 33 Goals and
> Objectives
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Q1.2.3 Operational Plans

L3l g ~ Goals and
7 3‘ Objectives
132 & .
Q = <y Operational Plans
Ql.4.1

Operational Plans

Goals and
Objectives

Similarly, comparison’s questions and answers were designed for all other sub criteria

in level-2 with respect to specific criterion in the main criteria as shown in table 5.3.

B. Sample of Pairwise Comparison Survey for Academic Staff Evaluation Criteria:

a. Main Comparison Questions

These comparisons represent the pairwise comparisons for the main criteria of academic
staff with respect to overall objective. The following 5 comparisons have been designed
among the six main criteria for academic staff (i.e. AC1, AC2, AC3, AC4, ACS5, and
ACO6):

e Comparison between ‘ACl: Excellence in Research’ criterion and others criteria
such as ‘AC2: Teaching Quality’, ‘AC3: Services & Administration’ ... ‘AC6: Peers
Feedback’.

e Comparison between ‘AC2: Teaching Quality’ criterion and other criteria such as
‘AC3: Services & Administration’, ‘AC4: Knowledge Transfer and Engaging
Communities Performance’ ... ‘AC6: Peers Feedback’.

e Comparison between ‘AC3: Services & Administration’ criterion and other criteria
such as ‘AC4: Knowledge Transfer and Engaging Communities Performance’,
‘ACS5: Students Feedback’ and ‘AC6: Peers Feedback’.

e Comparison between ‘AC4: Knowledge Transfer and Engaging Communities
Performance’ criterion and other criteria such as ‘AC5: Students Feedback’, and

‘AC6: Peers Feedback’.
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e Comparison between ‘ACS5: Students Feedback’ criterion and ‘AC6: Peers

Feedback’.

The following questions and answers sheet were designed for the main criteria of

academic staff evaluation (i.e. pairwise comparison survey):

e Comparison between ‘ACI1: Excellence in Research’ criterion and others criteria
such as ‘AC2: Teaching Quality’, ‘AC3: Services & Administration’ ... ‘AC6: Peers
Feedback’.

Q1: How important is “Excellence in Research (&as¥) & juaill 5 3 oill)”
Q1.1 when it is compared with “Teaching Quality (o= 3 e 5 538252)7?
Q1.2 when it is compared with “Service Performance (el ¢131)?

Q1.3 when it is compared with “Knowledge transfer/exchange and engaging
communities Performance

Q1.4 when it is compared with “Students Feedback (-l Lﬁi O 5 an Sl g g Wainl)??

Q1.5 when it is compared with “Peers Feedback ( sbac) ¢33l (515 5 ciandla 5 g i)
Sl A )9

e Comparison between ‘AC2: Teaching Quality’ criterion and other criteria such as
‘AC3: Services & Administration’, ‘AC4: Knowledge Transfer and Engaging

Communities Performance’ ... ‘AC6: Peers Feedback’.

Q2: How important is “Teaching Quality (o=l de 55 5335)7
Q2.1 when it is compared with “Service Performance (<lexall ¢131)*2

Q2.2 when it is compared with “Knowledge transfer/exchange and engaging
communities Performance (Aalaall Cilaiaall 48 i &l i) g 4 all Jols 5 Jai)?

Q2.3 when it is compared with “Students Feedback (w3l sl 5 cilasdle 5 ¢ Sainl)™?

Q2.4 when it is compared with “Peers Feedback ( slac) ¢33l (51 5 ciandla 5 g i)
Sl Ay

e Comparison between ‘AC3: Services & Administration’ criterion and other criteria
such as ‘AC4: Knowledge Transfer and Engaging Communities Performance’,

‘ACS: Students Feedback’ and ‘AC6: Peers Feedback’.
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Q3: How important is “Service Performance (<lexall ¢lai)”

Q3.1 when it is compared with “Knowledge transfer/exchange and engaging
communities Performance (4ulsall Cladiagll 438 yig &l i) 548 yall Jalii 5 Ji3)?

Q3.2 when it is compared with “Students Feedback (<3l s ) 5 cilaaa 5 & Sainl)*?

Q3.3 when it is compared with “Peers Feedback ( sliac) ¢33l (51 5 ciandla g g i)
il 3870

e Comparison between ‘AC4: Knowledge Transfer and Engaging Communities
Performance’ criterion and other criteria such as ‘AC5: Students Feedback’, and

‘AC6: Peers Feedback’.

Q4: How important is “Knowledge transfer and engaging communities
(Aolaall Claainall 48 yi g <l ) 5 48 prall Joli g Ji3)”
Q4.1 when it is compared with “Students Feedback (w3l sl 5 cildasdle 5 & Sainl)™?

Q4.2 when it is compared with “Peers Feedback ( sbiac! ¢33l g1 5 cildanla 5 & Slains)
ol i)

e Comparison between ‘ACS5: Students Feedback’ criterion and ‘AC6: Peers

Feedback’.

Q5: How important is “Students Feedback (<2l sl 5 cidasdla 5 ¢ Slainl)”

Q5.1 when it is compared with “Peers Feedback ( sbiac! ¢33l 51 5 cildanla 5 ¢ Sldain)
il :\_‘\:\A)”?

b. Main Comparison Answer Sheet

The answers sheets were designed to allow experts to indicate his/her preference for the
focal criterion (i.e. left side criterion in the answer sheet) which was mentioned in the
main question to other criteria (i.e. right side criteria in the answer sheet) mentioned in
the sub-questions for example in QI, answers represent the important degree of
‘Excellence in Research’ criterion with respect to others criteria. Table 5.4 shows

sample of answer sheet for the main criteria for main academic staff criteria.
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Table 5. 4: Answer Sheet for the main Academic Staff criteria evaluation survey

Important

- < More Important Eql. Less Important -
C °p—( ° p—(
@] o — +— —
3 O 2P S 24 3 a | BIES>8 2 |C
Ql.1 Teaching Quality
Q1.2 '§ ‘%: Service
§ ) Performance
Q1.3 é) M Knowledge
=1 transfer/exchange
DA and engaging
Q. e
5 :5 communities
=2 Performance
Q14 | 2 % Students
AN Feedback
Ql.s Peers Feedback
Q2.1 Service
— Performance
Q2.2 :i‘ ,4,\ Knowledge
s o transfer/exchange
(@S and engaging
%D 3 communities
< 3 Performance
Q2.3 S i; Students
=2 Feedback
Q2.4 Peers Feedback
Q3.1 Knowledge
o transfer/exchan
3 ‘% éi’i\ ge and engaging
9 5 g— communities
= E :é % Performance
Q32 | 3 £ 53 Students
< Feedback
Q3.3 Peers Feedback
Q4.1 - 8 _%
S g 9
< < j
S g ) Students
g < -’i Feedback
52
5 2 9
=222/
o .: -~
Q42 | 2 § %g
o 52
2o &
S e Peers Feedback
2 5
S &
Q )
=
[P}

( Gilaaiagll
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Q5.1

Peers Feedback

Students Feedback
E) LLILL:ANAJ E:JLL.\)
(uM\ (,.5\ 0

¢. Level-1 Comparisons’ Questions (sub- criteria):

It is comparison of sub criteria with respect to the related main criterion. For example,
the comparison’s questions for sub-criteria (AC61, AC62, AC63, and AC64) with

respect to the main criterion “AC6: Peers Feedback™ as follow:

Q6.1 How important is Course Content (<) sdiall g & gall)

Q6.1.1 when it is compared with “Delivery and Teaching Methods ( 3k s sl
Sy
o ll)”9

Q6.1.2 when it is compared with “Learning Environment (alxil) 412)”?
Q6.1.3 when it is compared with “Communication, collaboration and Professionalism
(Aigall 86l 5 ¢ glasll 5 JLai¥1)?2
Q6.2 How important is “Delivery and Teaching Methods (w3l (k5 asiill)”
Q6.2.1 when it is compared with “Learning Environment (al=ill 431)?
Q6.2.2 when it is compared with “Communication, collaboration and Professionalism
(sigall 3611 5 ¢y slall 5 Jluai¥ )2
Q6.3 How important is “Learning Environment (al=ill 434)”

Q6.3.1 when it is compared with “Communication, collaboration and Professionalism

(A\_ue_d“ J 3Ll g (o glasill d\...ai‘i\)”?

Answer sheet was designed for the above questions as shown in table 5.5. It represents a
sample answer sheet of pairwise comparison of sub criteria for criterion “Peers

Feedback”
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Table 5. 5: Answer Sheet Sample for sub criteria related to ‘Peers Feedback’ criterion

With respect to the main criteria: Peers Feedback
(Cuuill & slime) oD (g1 5 ldandla g ¢ aiu)
Important
< More Important | Eql. Less Important <
%) = =
g g = an ol QN QN 2 g
= = IS > A — M > = =
S| 2 |Z 5 2185252 2
@ 5 < n ) n ZI- 2
Delivery and
Q6.1.1 Teaching
- Methods
S~
= 1 Learning
Q.12 | § .
o9 Environment
2 Y%
= 0 . .
23 Communication,
o collaboration
Q6.1.3
and
Professionalism
Y Learning
Q621 | - 29 /
Ss T Environment
o
> = A —
2 o9 Communication,
= llaboration
06.2.2 8 § N collaboratio
S and
B~ Professionalism
on 5 ~ Communication,
= gj collaboration
Q6.3.1 82 07
S E and
— & ~ Professionalism

d. Level-2 Comparisons’ Questions (sub- criteria):

It is comparison of sub sub-criteria with respect to the related main sub criterion. For
example, the comparison’s questions for sub sub-criteria (AC611, AC612, AC613, and

AC614) with respect to the main sub criterion “AC61: Course Content” as follow:

Q6.1.1 How important is Explanation of subject and main outlines ( ual_aisl 5 muia 5

Q6.1.1.1 when it is compared with “State of the Art (Jdwasi e Al Je ol jall meiall AS) 50
Jlnall s dualall a1 olel) 31y
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Q6.1.1.2 when it is compared with “Clearness of Course objective (L_iall alaal & s 5)7?
Q6.1.1.3 when it is compared with “Consistency of Course content and Syllabus

(geall s 58 (6 sima (Blusil)??

Q6.1.2 How important is State of the Art (alall 4l Jasile Ja) e ol )all zeiall 450 50
Jal s dualel) ¥l )

Q6.1.2.1 when it is compared with “Clearness of Course objective (L_iall Calaal = s 5)*?

Q6.1.2.2 when it is compared with “Consistency of Course content and Syllabus

(qealls sS85 sima (Slusil)??

Q6.1.3 How important is Clearness of Course objective (L_ial) alaal = suas)
Q6.1.3.1 when it is compared with “Consistency of Course content and Syllabus
(ealls o sS (6 sima (Glusil)??

Answer sheet was designed for the above questions as shown in table 5.6. It represents a

2

sample answer sheet of pairwise comparison of sub criteria of criterion “Course Content

Table 5. 6: Answer Sheet Sample for sub sub-criteria related to ‘Course Content’

Sub sub-criteria with respect to the sub-criteria : Course Content s sisx)
(L)
Important
” K More Important | Eql. | Less Important <
g S S
= 'g = 2 <Y S\ R — | > on o) *q-':) 'g =
8 a9 S|59=5|g 2|5 £5 55| 5 7
= ¥e) A>3 28z S| =l EE 8 2 ¥e)
5 State of th
Ll | & A e
£ :
=
N | Clearness of
Q61.1.2 _% § -i Cpur.se
2 =Y objective
B 2
o
= l )
8 N Consistency of
Q61.1.3 % = Course content
= q and Syllabus
<
3|
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\’5? Clearness of
Q61.2.1 = Course
% iy objective
£35
< E'\ |
£ B'g
G .
o ';k':‘b
<
Q3 ’j Consistency of
Q6122 ,g = Course content
? and Syllabus
2 o
—
|
e = M Consistency of
Q61.3.1 °9 % Course content
2 and Syllabus
=°3 ’
2 B
O

5.5.2 The 2" Type of Survey (Evaluation Forms)

In the first type of survey (Pairwise Comparisons), we aimed to obtain the expert
assessment view about the criteria itself; while in the second survey type (Evaluation
Forms), the experts views about alternatives (universities & academic staff) with respect

to each criterion has been obtained.
Sample of Evaluation Form for University Performance Evaluation:

This form includes list of questions that were designed and arranged under lower level
of each criterion (i.e. bottom criteria). Furthermore, set of main public and private
Sudanese universities were selected to be as alternative samples. Figure 5.1 shows the
evaluation form used to assess the Sudanese universities against the bottom criteria such

as strategic planning, vision, etc.
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Educational Institute Evaluation Form

I:—I‘-l-l-l a._‘i. :J._q.l.'|

Tres survmy n porl o PO Gperlelon (0e] Ferprree Beplaton of Rulewe Ureeerslon & Sopleers o™

by Puiiy ", The servey ompends o (e dhtena maitlone remenwri Grenae & Aormonanatas,

Infrmplrelon & Sereom, Aumen rmosom, Tdenin b redaalm, T el Lasrnyg Bmorom, ol

Smmerzh d Gredals Hulm, Cormenly Seeeos el Oaally Eapl [Pm Toliowen
el ALl e el aad il 8 OTe L FRATEE O T e oTaeds Ui men weeeeady

i il g i’ i g e’ kil A gl e 4T A e gl bl e L i R ST Tk
Fuzsy LOpc) o ks

el & ) gl ¢ ik g e S 8 i e T ol el R e e sttay
it R T e Bt B 1) et N b el el ) et gl b ottt ptarl g o gl e
b el bt d | N g Sl B

ApprEi e I:qul-lr..lu;hnj'I,Jmuirurl,l Hamee)

| 1._lInstitutional Framework - (g jsy) |

Lol SUTEUREI PIEAIGAE  » Asiel! 'l adukd
Tha sducriens Fittutian owns B resatc @nd fasible viretegic gl @ sl o reversl mecheama @nd me e o chiaw gosh
In Bng with K rescurces eod potentisl The plen b committed #nd araured by the Fatiutien managemert

QRS Jhnsy S g R g S ey B 1 Vg 35 iy Ry T (i i) A eyt B
ety e e g e S

R T bepmarr - -
W ey ) s =2 ALidrngPy [ i ey i ] O | WEGRRY ol
agren | N - wprer | Desgres B agres | ) wgrew | Coamgrer
e g
g ek I
gl Al 1ol dals
AL 5 3 bl danalen B = E..p:
i L el g | it Sl
[ S Tard g dmaly
= U pe s ekl e
| ke T
_,l.l'.l iy

L2 WiSn « ded @
K Bm g publabed valon for the fetere. 1reng destn for wece Bpnee and orewtsity 0 i proprems. Eiyitas end servoes

‘e -l-l-l-'JuJ-l-l-.J Jeay mlaly b b e el ki et et e it i
| LR I — T::r I - | LRy |

:1rn.-'.|r.| I i | = Iua.u\.-l

Figure 5. 1 : Sample of Universities Evaluation Form (Alternative Evaluation)

Sample of Evaluation Forms for Academic Staff Performance Evaluation:

We used the 360-degree evaluation approach to assess the academic staff. Therefor set

of evaluation forms were designed as follow:

e Department Head / Dean Evaluation Form (Figure 5.2): This form includes
questions related to Excellence in research and scientific activities, Teaching

Quality, Services & Administration, and Knowledge Transfer criteria.

e Students Feedback Evaluation Form (Figure 5.3): This form determines the student
feedback which includes questions related to Teaching capabilities and preparation
for lecture, Material contribution in the scientific achievement of students, Material

Content Assessment and Relationship of academic staff member and students.
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e Peers/Colleagues Feedback Evaluation (Figure 5.4): This form includes the
assessment of academic staff member’s peers in the following aspects: Course
content, Delivery and teaching methods, learning environment, and communication,

collaboration and professionalism.

e Academic staff self-assessment evaluation form: This form will be filled by
appraisee (academic staff member). It includes information related to publications &
scientific research, materials that have been taught, supervision of postgraduate
students, administration positions occupied, memberships, awards, community

services and activities, etc.

Faculty Member Evaluation Form (PhD)
(o=l Ak £l o gl 3 ga3)

Department Head / Dean Model
el g sl i

This survey = part of PhD dezeriation ided “Performance Evalustion of Sudansss Liniversilies & Academic Stafl Using Fuzzy logc™. The
Haad of deparimeant and D=an @ i s parl of e modal 1o avauglie e Boodlence i Resmanch and Scentific Activile=s, Teaching
Quality, S=rvicz adminsiration Performance, and Knowlsdge Tramsfer/Sochiange and Bngaging Communitees Perfonmancs

UZZY ) apeall Ghia Almidy e g0 A g el Claalall 26 08 gighy o fEa Ao o el S ga pde A JLESN Ua
A{Logic
Sl o ghy Btgn + Asabll Al STy Cipaall L8 Gl 8 s g0 A0 pelog TddSal 280 p el e pjadl U dlals taelly aSll ety o

ol Claaloall 38 g ol o5 g 55 pall Ldfs BB g Az Clasd

appraiser [Department Hesd/Dean) Mame/position Appraisee Mame/position

1. [xcellence in Research and Scientific Activities
[Aradadl Alainfl § o gandl £ jeadll)

Meither
SR Criteria Disc. strongly Agres agres Dis3agres Sirnrgl'gr Sl
Bgres T Disagree
dizagres

1.1 | Lecturer publiched o clsda 2o S S Al
acceptable number of P i [ PP
papers that suit the current el RE gl el
and previous job title e

1.2 | Maintain high quality of Bagndl o Zagually Bl
Research. da] At
[ie Number of citotions, tha A g ..i.._L-':.': e
impact factor values, atc.) 230 il 8y Sl

—

L3 Geatsinvitationsto s e
provide Lecturesin T T
Important Conferences e

L4 | Supervises postgraduste
students and Ll S el e o it
participatesin a0 - T T
postgraduste thesis T
examination,/Discussion

L= Membership in Editorial . it i oaae
Boards of Prestigious = *"'L-;_'“ T

a3 gl il
Journals

2. Teaching Quality
i | Ay B )

Figure 5. 2: Sample of Department Head / Dean Evaluation form
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Student’s College fGrade fSubject

Appraisee Name/Position

1. Teaching capabilities and preparation for lecture
(L seemasll g Sl g Balall s 35 B pus 3 50 Aot guine mdatlsal)
Meither
SR Criteria Disc. Srongly | paree | ™2 | Disagree | STOTEY el
Agree nor Disagree
disagree
1.1 Distributes the study plan in the
first weaek
1.2 Presents scientific subjects in
lecturesin aclear, coherentand
systematic way
1.3 Exploits the time of lecture
effectively
1.4 high experience and skillsin the
scientific courses
1.5 The compatibility between the
plan and what was actuslly
taught.
1.6 Adhere to the dates of his a3l jazloa 110l pas o 3
lectures B ) -
2. Material contribution in the scie ntific achievement of students
[Fuallall  aladl fovmasll & SAladl e lias)
Meither
SR Criteria Disc. Strangly Agree agree Disagree Sfm"gw il
Agree nor Disagree
disagree
Motivates students to A2 glzall o S blall Eay
2.1 | participste =and express their oy an plal Siga g elul g
views on the material. Eaall
2.2 Shows interest in academic sl Taladal 2o
arhiswement of sthndents in UP o W N 1 j st

Figure 5. 3: Sample of Students Feedback evaluation Form

Appraiser (Peer) name/ position:

Appraisee Name/position

1. Course Content
[ i)

Meither
agres n
SR Criteria Disc. stronghy agres E Disagres Sfrorghr el
Agres nor Dizagree
disagree
11 The instructor demonstrates and
explainsthe subjecttiteand Condl & pin g i g i g einlaall
gutlines
1.2 | The course content reflects "state foogita o L s il gl
A ol g il gl
of the art” and current research choalt 3 Gl Sdagfly e 31
findings.
1.3 | The purpose ofthe course is o
; el Bl s el
svident
14 The course content is consistent N gl a8 o gl
' 1 gl i g el
with the course syllabus i
2. Delivery and Teaching Methods
[ 3k i)
Meither
R Stronghy agres _ Stronghy n
rterin
SR Criteria Disc. agree Agree — Desagree Disagree <=
disagree
2.1 | Smooth transition between ideas SEE el o i)
2.2 | Relevant examples are givenand Lealiasf g dbal) ld ARG Ll | 2
used to clarify concepts il e
2.2 | Presentssubject in organized way Al di ey B0 |
The instructor is enthusiastic o =t - r
2.4 . @ goin gl e gl pesnsa pidtiad)
about the subject
2.5 | Material is adapted to student e al e T Rl A 2y

Figure 5. 4: Sample of Peers/Colleagues Feedback evaluation form
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5.6  Summary

The Survey Design chapter began with an understanding of the survey’s goal and
objectives, target population definition and survey reliability and validity checking.
Question structure and response format were defined. Furthermore, two types of survey
forms were designed and presented. The first survey type was designed to allow experts
to assess the relative importance of evaluation criteria with respect to overall objective
through pairwise comparison matrices survey. The second survey is to allow experts to
assess the alternatives based on these criteria. Samples of several survey types were
presented and explained including questions and answers sheets using several

evaluation forms.
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CHAPTER VI

6. DATA COLLECTION & ANALYSIS

Appropriate set of criteria of universities and academic staff evaluation were
incorporated in pairwise comparisons and evaluation survey. Figure 4.4 and table 5.2 to
5.6 show sample of different level of comparison questions and related answer sheet.
Forty-six questionnaires survey out of seventy were returned. Removing inconsistent
questionnaire, we were left with thirty-five consistent questionnaires after consistency

checking as shown below:

Distributed Questionnaires | 70
Returned | 46

Returned Percentage | 66%
Consistent Returned | 35

Consistent Returned Percentage | 76%

6.1 Consistency Analysis for Individual Expert views

The consistency of judgment that is performed by responders/experts during a chain of
pairwise comparison methods considers a key evaluation issue to the reliability of the
final performance evaluation output. Sometimes the experts/participants are not able to
express consistent preferences in case of several criteria. In our case, most of the layers
have several criteria. Within this study, out of 46 responses, there were 11 responses
which we excluded from the study.

In addition of checking and analyzing the experts’ judgments after receiving the
responses, we have proposed an algorithm to detect the inconsistency in the experts’

judgments. The proposed algorithm also provided consistency options.

6.1.1 Off-line Consistency Checking

In order to verify a reliable excellence level of each judgment, the responses were
analyzed and a consistency ratio (CR) was calculated and checked for each individual
expert’s responses. The consistency ratio (CR) is described as ratio between the

consistency of a given evaluation matrix (CI: consistency index) and the consistency of
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a random matrix. Hence, we included only responses that meet the condition (CR<=

0.1). As (Saaty, 1980), we can approximate CR via A max as follows:
Cl = (Amax -n)/(n—1) and CR =CI/RCI <01.0

All the pairwise comparison judgments of respondents that exceed the tolerable level of

(0.1) are excluded from further analysis.

In this study, Excel was selected to be our smart auto consistency checking tool, where
a group of functions were developed to check the comparison consistency and aggregate

the consistent judgments. Table 6.1 includes all these functions and related operation.

Table 6. 1: List of the Excel Functions that used in consistency, aggregation, etc.

SR. Function Usage

1 IF() - This function is used to convert the experts’ preference
from linguistic values into numerical interval (i.e. Fuzzy
Triangular Number: FTN) in all comparison matrices. For
example [=IF(X=1, 0.22, IF(X =2, 0.29, IF(X =3, 0.4, IF(X =4,
0.67, IF(X =5, 1, IF(X =6, 0.67, IF(X =7, 1.5, IF(X =8, 2.5, [F(X =9,

3.5, 0)))I
- It used to determine the intersections points by comparing

each couple (i.e. membership value / degree of

possibility)

2 SUM() - It is used to normalize comparison matrices.

3 GEOMEAN() |- It is used to aggregate the consistent fuzzy comparisons
matrices

4 Min() - It is used to determine the minimum degree of possibility

for a specific criterion
- It is used to determine the negative ideal solution for

specific criterion

5 Max() - It is used to determine the positive ideal solution for

specific criterion

6 SQRT() - It used to obtain the distance between

universities/academic staff’s (alternatives) solutions with

the positive and negative ideal solution
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The following steps are the arithmetic operation used to check the consistency of

experts’ views (Yousif, Shaout, 2016/b):

1. Based on the scale, convert the experts’ preference from linguistic variable into
numerical interval (i.e. Fuzzy Triangular Number: FTN) using Excel function such

as:

[=IF(X=1, 0.22, IF(X =2, 0.29, IF(X =3, 0.4, IF(X =4, 0.67, IF(X =5, 1, IF(X =6, 0.67, [F(X =7,
1.5, TF(X =8, 2.5, IF(X =9, 3.5, 0)))))))))

Where X is cell to locate the numeric value of the linguistic value.

2. Sum each column of the reciprocal matrix and divide each element of the matrix
with the sum of its column (normalize relative weight).

3. Average across the rows to obtain Principal Eigen vector (priority vector).

4. Obtain principle Eigen value (A) by adding of products between each element of
Eigen vector and the sum of columns of the reciprocal matrix (step2).

5. Calculate consistency Index (CI) as follows:

Cl = (Amax -n)/(n—1) wherenisJudegment matrix order.

6. Calculate consistency ratio (CR) as follows:
CR = CI /RCI where Rl is Random Index.
7. Defuzzify the TFN and compare the output crisp value with 0.1

(Result <=0.10: acceptable level of inconsistency).

Theorem 6.1

Inconsistent Preference will lead to Incorrect Calculated Weight, which will lead to

Incorrect Alternatives Classification.

As deductive reasoning theory, a consistent pairwise comparison matrix is one that does
not contain a contradiction. Say C1, C2, C3, ..., Cn are the evaluation criteria with
weights wl, w2, ..., wn for specific goal for alternatives al, a2, a3,...,am. Assume the

importance level granted to the Ci criterion in the 1% layer of comparison as follows:
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Ci more important than Ci+1 (i.e. Ci>Ci+l), Ci is less important than Ci+2 (i.e.
Ci<Ci+2), Ci is less important than Ci+3 (i.e. Ci<Ci+3) and Ci is more important than
Ci+4 (i.e. Ci> Ci+4)

AND in the next comparison layer the Ci+1 criterion is granted with the following

importance: Ci+/ > Ci+2, Ci+1> Ci+3 and Ci+1 > Ci+4.

We can notice, the following [ (Ci+/ > Ci+2, (Ci+1 > Ci+3) ] decisions contradict the

previous experts’ preference in 1% layer (i.e. Ci > Ci+1, Ci<Ci+2, Ci<Ci+3).

In the first layer of pairwise comparison, Assume the importance level value of Ci is
‘Very good’ in a specific scale [ ..., Good, Very good, Excellent,...]

When Ci > Ci+1, then Ci+1 is ‘Good’ as maximum.

When Ci < Cit+2, then Ci+2 is ‘Excellent’ as minimum

When Ci < Ci+3, then Ci+3 is ‘Excellent’ as minimum

When Ci > Cit+4, then Cit4 is ‘Good’ as maximum, Where >’ means more important and ‘<’
mean less important

In the next layer: The preference Ci+1 > Ci+2 is inconsistent due to the previous
preferences made in the first layer: (i.e. Ci > Ci+1 =» Ci+1 is ‘Good’ as maximum and
Ci < Ci+2 = Ci+2 is ‘Excellent” as minimum).

How a criterion with linguistic value of “Good” be more important than a criterion with

linguistic value “Excellent” ? which leads to contradiction (i.e. inconsistency).

This theorem state that if an expert’s preferences for comparing a group of criteria are
inconsistent, then it leads to incorrect calculated criteria weights and accordingly to
unsatisfactory result in the final alternatives classification/ranking. Generally, if a group
of criteria (Cl, C2... Cn) are compared in pairwise comparison with inconsistent
preference values, the output of criteria weighs (w1, w2,...,wn) reflects incorrect weight

and unsatisfactory final classification based on those criteria for alternatives (al,

a2, ...,am).
Consistency Checking Example:

This example demonstrates consistency checking process of pairwise judgment
response of comparing the sub-criteria of Institutional framework criterion. Figure 6.1 is
an actual response (#25) from an expert for these equations: “How important is

Strategic planning when it is compared with Vision, Mission, Goals and Objectives &
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Operational Plans”. “How important is Vision when it is compared with Mission,
Goals and Objectives & Operational Plans” and so on. The expert indicates his
preferences among those sub criteria through off-line survey using predefined linguistic
values. In order to accept this response in our further evaluation processes, we have to
examine the consistency degree. In Figure 6.2, the seven steps are explained. The
comparison matrix is constructed and linguistic values are converted into fuzzy
triangular numbers as a first step (1), then column summation & normalization as in
steps 2 & 3, etc. As final stage (step 7), the consistency ratio is calculated and found that
the expert’s preference is consistent (i.e. CR = 0.03 < = 0.1). Excel functions &

predefined formula are used in the calculations to simplify the process.

The same checking is done for all responders’ judgments. 24% of the total responses are
excluded from further evaluation process due to inconsistency in comparisons

evaluation.
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Figure 6. 1 Shows the part of feedback for responder #25
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Figure 6. 2: Consistency checking calculation and result for UCI criteria (responder #25)

6.1.2 On-line Consistency Checking Fuzzy Consistency Algorithm (FCA):

One of the challenges faced in analyzing the surveyed data was the inconsistency of
pairwise comparison in experts’ responses for both university and academic staff
criteria evaluation. The cause of the inconsistency is that the experts/participants are
frequently not able to express consistent preferences in case of several criteria. Since it
is not easy to allow expert to redo the evaluation again which will cost effort and time,

the inconsistent evaluations will be removed from the evaluations.

Hence, a new Fuzzy Consistency Algorithm (FCA) will be introduced to examine the
inconsistency level of expert’s judgment on-line. The new algorithm proposes a
consistent preference linguistic value(s) as an option to the experts in case of
inconsistency judgment. Also, it allows experts to trace and understand the roots of
inconsistency in evaluation performance. Generally, this algorithm works as
inconsistency detection and suggested correction. Details of the algorithm is explained

in the next chapter (Yousif, & Shaout, 2016/b).
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6.2 Summary

The chapter pointed out the statistical info of survey data collection and analysis such as
distributed questioners, returned, returned percentage and consistent returned. The
chapter also highlighted the consistency issues and methods of checking the consistency

offline and online. It introduced a new algorithm for online consistency checking
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CHAPTER VII

7. THE PROPOSED ALGORITHM FOR CONSISTENCY ASSESSMENT IN
PAIRWISE COMPARISON

This chapter explains new proposed algorithm for online consistency checking in
pairwise comparison survey. It includes the scale definition, detail algorithm steps and

empirical example for evaluating the performance of Sudanese universities.

7.1 Scale & Definitions

Table 7.1 shows the suggested scale for consistency evaluation which is proposed to be
a base reference for our proposed algorithm in this chapter. The scale table consists of

five columns as follows:

e Scale Rank (SR) which defines the number for less important values (from 1 to 4),
equal important value (5), and more important values (from 6 to 9),

e Importance Type (IT) which shows the importance description types
(Less/Equal/More Important),

e Linguistic Degree Value (LV) which represents the degree of preference,

e Distance Value (DV) which shows the distance and direction of importance from the
neutral point (Equal point), and

e TFN column is the triangular fuzzy number scale, which will be used in later

evaluation process.

Where SRx = {1,2, ...,9}, MaxSR=9, ITx = {Less important, Equal important, More
Important}, DVx ={-4,-3,-2,-1,0,1,2,3,4} and LVx = {Absolute, Very Strong, Fairly
Strong, Weak, Equal}.

Table 7. 1: Suggested Scale for consistency evaluation

Scale Importance L}r)legurles:gc Distanc
Rank Type v zﬁue e Value TFN
(SR) (IT) (LV) (DV)
Less
1 fmportant Absolute -4 (2/9, 1/4, 2/7)
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2 Imlp;zls'tsant S\t/rf)rrz]g -3 (2/7,113,215)
|, [ B s
4 Im;zifam Weak 1 2/3.1,3/2)
5 Imi%‘;?;m Equal 0 (11,1

6 Iml\lf;f;m Weak I (2/3,1,312)
T |, [ B 2 | eeam
8 Imll)/[;f;nt S\t]rf)rrz]g 3 (52,3, 772)
9 Im%(?rrt‘;n .| Absolute | 4 (7/2, 4,9/2)

7.2 Fuzzy Consistency Algorithm (FCA)

In this section a new fuzzy consistency algorithm (FCA) will be introduced. The
Proposed Algorithm FCA will be used for detecting inconsistency and provide

consistency options.

Assume that pairwise comparisons are required for n criteria (C1, C2, C3... Cn). Using
the proposed scale in table 7.1 and input of the first layer of expert’s judgment (i.e.
preference of criterion C1 with all other criteria C2 to Cn), then the new proposed FCA
algorithm can be used to determine the preference values of the second layer of
comparison (i.e. C2 with all other criteria C3 to Cn, C3 with all other criteria C4 to Cn,
C4 with all other criteria C5 to Cn, etc.).

The following are the steps of the FCA proposed algorithm:

Step1:

Determine the scale rank value (SRxy) of preference for criterion Cx over Cy (i.e. Cxy)
and simultaneously calculate the preference of Cy over Cx (i.e. Cyx) by adding one to
the maximum scale rank and subtract the preference of Cxy. This step constructs the

base data table to check the consistency of all comparison layers’ data.

If Cyy = SRyy, then Cyy = MaxSR + 1 — Cy, ... (1.0)
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where SRxy = 1,2,3,...9 and MaxSR =

Maximumn number in the scale rank (i.e.9)
Step2:

For each x, y and z as elements/criteria, where the Cy; denotes the preference level of
element/criterion x over element y and C,, denotes the preference level of

element/criterion X over element/criterion z,

Calculate the Cy, using the preference of criterion x as base. This can be done as

follows:

Cxy = SRyy , then C,x = SR, where SRyx = maxSR+1—SRxy .(1.1)
Cy, = SR, then C,, = SR,, where SRzx = maxSR+1—SRxz ... (1.2)

Now, we need to find C,, according to (1.0)and Scale (Tabl 1)

Step2.1: Find the distance value from scale table for SRy, and SR,
The distance of Criterion, to Criterion , is DV(SR, )

and distance of Critrion , to Critrion, is DV(SR,,)

Step2.2: Determine preference level of criterion y over critrion z (Cy)
by calculating the difference between DV(SRyX) and V(SR,,)

(Cyz) = SR (DV(SRyz) = DV(SRzz) ) weeeeiviriaaiiiiiiiaaiiieee, (2.0)

Step 3: Determine the importance type of the preference between criterion y and

criterion z by checking the value of equation 2 as shown below:

Importanat Type (IT) =

More Important, if DV(SRy) — DV(SR,) >0
Less Important, if DV(SRy) — DV(SR,) <0 ..., (3.0)
Equally Important ,if DV(SRy) — DV(SR,) =0
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Example 1:

If Ci, =4 (i.e. C;is Less important than C, by Weak degree )

Then, C;;-9+1—4=6 (i.e. C,is More important than C,; by Weak degree).
Example2:

(For three Criteria/elements where x =1,y =2, z=3)

The aim of this example is to find the preference level of element 2 over element 3. Let
us assume that preference of 1 over 2 is given and then drive the opposite preference (2
over 1). Also, assume that preference 1 over 3 and drive the opposite preference (3 over
1) using equation (1.1 & 1.2). Finally, use equations (2.0) and (3.0) to find the

preference of 2 over 3.
If Ci, =SSRy, =4 (i.e. C; is Less important than C, by Weak degree )

Then, C21 = SRZl :9+1_4’:
6 (i.e. C, is More important than C; by Weak degree)

A]SO, If C13 = SR13 = 7
(i.e. Cy is More important than C5 by Fairly Strong degree )

Then, C3; =SRs; =9+1—7=3
(i.e. C5is Less important than C; by Fairly strong degree)

Distance of C, fromC; = DV(SR,;) =DV (6) = 1,
Distance of C3 fromC; = DV(SR3;) =DV(3) = -2
Then: DV(SR,;) — DV(SR3,) = (1) — (—2) = 3.

Hence, SR(DV(3)) = C,3 =8
(i.e.C, is More important than C; by Very Strong degree)

7.3 Empirical Study - The performance of Sudanese universities

In this empirical study, we use the new FCA algorithm and the proposed scale table
(Table 7.1) to enhance and enforce the consistency of pairwise comparison in the survey

to measure the performance of Sudanese universities. We have designed a pairwise
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comparison for nine criteria and have shown how we could assist the experts to
reevaluate their inconsistent judgments/decisions.

We use pairwise comparison to estimate preference values of these criteria among
themselves. Initially, an expert fills the first level of pairwise comparison which will be
used as base for other pairwise comparisons without any enforcement and guidance.
The first pairwise comparisons occur between institutional framework criterion with the
other eight criteria such as Governance & administration, Infrastructure & services,
Human resources, student & graduates, Teaching and Learning Resources, Scientific
Research and Graduate studies, Community Service and Quality Management as shown
in Figure 7.1. The first layer of pairwise comparison does not require consistency check
since it purely reflects the expert views.

The first layer represents the initial expert’s view which is not correlate or depend on
other expert’s preference for the same criteria while the expert’s preference in the others
layers may contradict with the previous expert’s preference. This is why the consistency

considerations are required from the second layer/level of comparisons.

Hence, in this example the, figure 7.1 represents the expert’s input/views for 1% layer of
pairwise comparison for Institutional frame work criterion with others criteria. This
expert’s input data is translated into table 7.2 as a base data which will be used for
consistency checking for comparing other criteria in the others layers of the pairwise

comparisons process.

I m portamnt

More Eq.- Less
ws Important Important
s = [ [ | = I
E o = o
g ElEzzx=zs | 5 El=2=z2% £
o |l 2= 2 = o =
o B EEE= = = |2 ._-;\§ =8
x -
x C2: Governance
Qi1 &
Administration
12 = Cc3: Infras‘lsl:‘ucture
& Services
—
Qis = = C4: Human
% Resources
= C5: Students &
al1l4a = -
= x Graduates
E x C6: Teaching and
Qis = Iearning
= Resources
= C7: Scientific
ais | © x Research &
Graduate studies
Q17 x C8: Comzfnunny
Service
airs x C9: Quality
Management

Figure 7. 1: 1% layer: Inputs of experts for pairwise comparison for criterion (C1/ UC1).
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Table 7. 2: 1% layer Expert’s Input: Comparison of UCI criterion with others criteria.

Qs Description (SRxy) Inference from Eq-1
No. (as 1ndlca;tted by Given SRyx = Description
expert) SRmaxScale+1-
SRxy
C1: Institutional C2:Governance &
framework is More Administration is less
Q1.1 | important than C2: Coo =7 C =3 important than
Governance & 12— 2 C1:Institutional
Administration by framework by Fairly
Fairly Strong degree Strong degree
g;;:;t;trflgnal C3:Infrastructure &
12 | Equallv important Services is Equally
Ql. W(i]th C}3,' P Ciz3=5 C31=5 important with
) Cl:Institutional
Infrastructure & framework
Services
t?reltr:rllréifll(:?l?(i)sn?}ess C4:Human Resources
. is More important than
Q1.3 | important than e
C4-Human Cis =3 Cy =7 Cl:Institutional
) . framework by Fairly
Resources by Fairly Strone deeree
Strong degree gdeg
Cl:Institutional C5:Students &
framework is More Graduates is Less
important than _ _ important than
QL4 | 05.Students & C1s =6 Cs1 =4 C1:Institutional
Graduates by Weak framework by Weak
degree degree
Cl:Institutional C6:Teaching and
fﬁgﬁlﬁﬁﬁzyore Learning Resources is
i . _ _ Less important than
Q1.5 C6.T§ach1ng and Cig =7 Ce1 =3 C1-Institutional
Learning Resources framework by Faitl
. y Fairly
by Fairly Strong
Strong degree
degree
?rellr::lr;tllct)?l?ci):;}[ore C7:Scientific Research
important than & Graduate studies is
QL6 | C7:Scientific Ciy =6 Cyy = 4 Less important than
Cl:Institutional
Research & Graduate
. framework by Weak
studies by Weak deoree
degree &
g:ﬂgg}ﬁ?g (i)srli:[ore C8:Community Service
important than is Less important than
Q1.7 C8I')Communi ¢ Cig =8 Cg1 =2 Cl:Institutional
- Y framework by Very
Service by Very Strong degree
Strong degree
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Cl:Institutional C:9 Quality
framework is More Management is Less
important than important than

Q18 C9:Quality €10 =8 Cor =2 Cl:Institutional
Management by framework by Very
Very Strong degree Strong degree

In the pairwise comparisons of C2 with all other criteria C3 to C9 (2™ layer) as shown
in Figure 7.2, a consistency check is required to review the expert answers and propose

a consistent option.

I mportant

More Eq. Less
v Important Important
= @ - | | s 2| =
S | C|2EgzE|s = |2 28282 S
= wn wn - v wy =
aiLi C3: Infrastucnure
& Services
Q12 - C4: Human
E Resources
E C5: Students &
e = Graduates
£ C6: Teaching and
Q1.4 g Learning
8 Resources
s C7: Scientific
Qis ] Research &
= Graduate studies
aie - cs: Coml_:nunity
Service
I C9: Quality
i Management

Figure 7. 2: 2" layer of pairwise comparison & consistency checking (C2=:UC2).

In the 2" layer, we calculate and present the expected consistent options in pairwise
comparisons based on the scale in table 7.1 and inputs from experts in the first layer
(Table 7.2) using the proposed algorithm FCA. Hence, Tables 7.3 to 7.9 present the
detail calculation for the expected consistent results of comparing criterion C2 with all
others remaining criteria (C3 to C9), criterion C3 with all others criteria remaining (C4
to C9), criterion C4 with others remaining criteria (C5 to C9), criteria C5 with others
remaining criteria (C6 to C7), criterion C6 with others remaining criteria (C7 to C9),
criterion C7 with others remaining criteria (C8 to C9) and finally criterion C8 with

criterion C9.
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Table 7. 3: Expected consistent comparisons result of Governance & Admin criterion

of C2
with
others

Comp.

From Table-
7.2

Scale | Scale
Rank | Rank
(Cxy) | (Cyx)

SRy, | SRy

DV(SR,y)

DV(SR,,)

DV(SR,)

DV(_SRy)

Scale
Rank
SR(DV)

dT)
Eq3

Description of
Expected
Consistent Result

-2

-2

Less important

C2:Governance &
Administration is
Less important
than
C3:Infrastructure
& Services by
Fairly Strong
degree

-2

4

Less
important

C2:Governance &
Administration is
Less important
than C4:Human
Resources by
Absolute degree

Less
important

C2:Governance &
Administration is
Less important
than C5:Students
& Graduates by
Weak degree

2

2

Equal

C2:Governance &
Administration is
Equally
important with
C6:Teaching and
Learning
Resources

Less important

C2:Governance &
Administration is
Less important
than C7:Scientific
Research &
Graduate studies
by Weak degree

-2

More Important

C2:Governance &
Administration is
More important
than
C8:Community
Service by Weak
degree

More
Important

C2:Governance &
Administration is
More important
than C9:Quality
Management by
Weak degree
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Table 7. 4: Expected consistent comparisons result of Infrastructure & Services

Comp
.of
C3

with
others

From Table-

7.2

Scale
Rank

(Cxy)

SRy

Scale
Rank

(Cyx)

SRy

DV(SR,,)

DV(SR,,)

DV(SR,)

DV(SR,)

Scale
Rank

SR(DV)

IT

Eq3

Description of
Expected
Consistent Result

2

Less important

C3:Infrastructure
& Services is Less
important than
C4:Human
Resources by
Fairly Strong
degree

=5

=4

More important

C3:Infrastructure
& Services is
More important
than C5:Students
& Graduates by
Weak degree

Ca1

2

More important

C3:Infrastructure
& Services is
More important
than C6Teaching
and Learning
Resources by
Fairly Strong
degree

Ca1

More important

C3:Infrastructure
& Services is
More important
than C7:Scientific
Research &
Graduate studies
by Weak degree

More Important

C3:Infrastructure
& Services is
More important
than C8:Comm-
unity Service by
Very strong
degree

=5

More Important

C3:Infrastructure
& Services is
More important
than C9:Quality
Manag. by Very
strong degree
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Table 7. 5: Expected consistent comparisons result of Human Resources

Comp
.of
4

with
others

From Table-

7.2

Scale
Rank

(Cxy)

SRy

Scale
Rank

(Cyx)

SRy,

DV(SR,,)

DV(SR,,)

DV(SR,)

DV(SR,)

Scale
Rank

SR(DV)

IT

Eq3

Description of
Expected
Consistent

Result

More important

C4:Human
Resources is
More important
than C5:Students
& Graduates by
Very strong
degree

C41

-2

More important

C4:Human
Resources is
More
important than
C6:Teaching and
Learning
Resources by
Absolute degree

C41

More important

C4: Human
Resources is
More important
than C7:
Scientific.
Research &
Graduate studies
by Very strong
degree

Ca
=7

9*

More Important

C4:Human
Resources is
More important
than
C8:Commu-nity
Service by
Absolute*
degree

9*

More Important

C4:Human
Resources is
More important
than C9:Quality
Management by
Absolute*
degree
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Table 7. 6: Expected consistent comparisons result of Students & Graduates

Comp
.of
C5

with
others

From Table-

7.2

Scale
Rank

(Cxy)

SRy

Scale
Rank

(Cyx)

SRy,

DV(SR,,)

DV(SR,,)

DV(SR,)

DV(SR,)

Scale
Rank

SR(DV)

IT

Eq3

Description of
Expected
Consistent
Result

=4

More important

C5:Students &
Graduates is
More
important than
C6:Teaching and
Learning
Resources by
Weak degree

Equal important

C5:Students &
Graduates is
Equally
important with
C7:Scientific
Research &
Graduate studies

Cs1

-3

More Important

C5:Students &
Graduates is
More important
than
C8:Commun-ity
Service by Very
strong degree

-3

More Important

C5:Students &
Graduates is
More important
than C9:Quality
Management by
Very strong
degree
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Table 7. 7: Expected consistent comparisons result of Teaching and Learning Resources

Comp
.of
Cco6

with
others

From Table-2

Scale
Rank

(Cxy)

SRy

Scale
Rank

(Cyx)

SRy

DV(SR,,)

DV(SR,,)

DV(SR,)

DV(SR,)

Scale
Rank

SR(DV)

IT

Eq3

Description of
Expected
Consistent
Result

C61

-2

Less important

C6:Teach. and
Learning
Resources is
Less important
than C7:Scienti-
fic Research &
Graduate studies
by Weak degree

More Important

C6:Teach. and
Learning
Resources is
More important
than
C8:Community
Service by Weak
degree

2

3

More Important

C6:Teach. and
Learning
Resources is
More important
than C9:Quality
Management by
Weak degree

Table 7. 8: Expected consistent comparisons result of Scientific Research

From Table-2

DV(SR,)
Comp. | Scale | Scale - Scale ..
Description of
£ DV(SR,)
O] | Rank | Rank | pyisk.,) | DVESR,) Y| Ramk [T | pypected
others | (Cxy) | (Cyx) SR(DV) | Eq3 Consistent Result
SRyy | SRy
C7:Scientific
= | Research &
c o = % Graduate Studies is
C7g =71} 8; B -1 -3 2 7 & | More important
E than C8:Commun.
< | Service by Fairly
strong
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C7:Scientific
Research &
£ | Graduate Studies is
= .
€71 Co1 = S | More important
-1 -3 2 7 =) .
Cro =4 2 £ | than C9:Quality
£ | Management by
= | Fairly Strong
degree
Table 7. 9: Expected consistent comparisons result of Community Service
From Table-7.2
DV(SR,)
Comp. | Scale | Scale ; Scale Description of
DV(SR
of.C8 Rank | Rank | pys R.,) | DV(SR,y) (SRy) |  Rank T) Expffcted
with Consistent
others | (Cxy) | (Cyx) SR(DV) | Eq3 Result
SRyy | SRy
C8:Comm.
§ Service is
C CBl C91 = 3 3 0 5 8 Equally
89 =2 2 £ | important with
S | C9: Quality
[on
= Management.

In the above example, we used FCA to calculate the expected consistent preference
values for all pairwise comparisons within each layers. Tables 7.3 to 7.9 contain the

expected consistent values for layers 2 to 8 respectively.

As shown in table 7.8, the expected values of comparing C7 with C8 (i.e. C;g ) and
of C7 C9

C,9) are as follows “C7: Scientific Research & Graduate Studies is More Important than

expected value

comparing with (i.e.
C8: Community Service by Fairly Strong degree” and “C7: Scientific Research &
Graduate Studies is More important than C9: Quality Management by Fairly Strong
degree. Also, table 7.9 contains the expected values of comparing C8 with C9 (i.e.
Cgo) 1s as follows “C8: Community Service is Equally important with C9:Quality

Management”

This example presented and explained the detail mechanism of using the FCA to
calculate the expected consistent values based on the expert’s inputs in the first layer

and propose those values in case of inconsistent response from expert during the survey.
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7.4 Design Online Embedded Pairwise Comparison Consistency Check &
Options
The experts/participants are frequently not able to express consistent preferences in case
of several criteria. This fact requires more effort and time to apply different methods to
check the level of inconsistency for each expert’s view/form. In most cases, the majority
of these views require revisions by mitigating the inconsistency, returned to the expert
for review, or excluded from the study. Therefore, embedded online solution with
inconsistency checking functionalities is required. Checking for inconsistent judgments

and providing optimal consistent options will speed up the evaluation process.

Table 7.10 and Figure 7.3 present the features and process workflow of the main
application’s components that used and applied the proposed algorithm FCA to check

and recommend consistent options.

Table 7. 10: Table 3- High level functionality of consistency checking application

Sr. Application Function Comments

Scale as define in Table 7.1 or it could be any

Setup Tables: Scale values & other scale.

Consistency range. Consistency range determines the accepted

inconsistency level.

Base inference data: the initial expert
input (i.e. the first layer of comparison | In our empirical example, Refer to figure 7.1

2 o
between the first criteria and all other | and table 7.2 data.
criteria).
Generate the optimal consistent option
for other pairwise comparisons based
3 patrwise parist . Reference figure 7.2 and tables 7.3 to 7.9.
on the first criteria comparisons (i.e.
the 2™ layer of criteria).
Check the expert preference/input in .
od pett pret P This step allows experts to choose the
the 2™ layer comparisons with the . .
. . consistent option, know the root of the
optimal solution that was already | . . . . .
4 inconsistency and give option to reset his

generated in the step. In case of
inconsistent input, propose the optimal
consistent preference/option.

initial based data that caused the
inconsistency.

As a result of the application used (the performance of Sudanese universities) which
was based on the proposed algorithm FCA, a consistency checking recommendation and
inconsistency reason tool will be provided to the expert/participant as shown in Figure

7.4.
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Figures 7.3 to 7.11 show the entire recommended consistent options in our empirical
example. The figures reflect the calculated recommended results from tables 7.3 to 7.9

in the same order in the survey format.

]
a J
id
-
Ja o
335
v
E N
]
q
)
T8
258
o
4]
I:
2
g
i 5.
= & S 2
A 550 2852 §5E 2 g
(1] o232 MTE>S T O ——
7)) Ew M - '%q ET S ]
© 38" 2oL s 23| 5
O o 23~-o £p0 4]
O 03z p2
. " o =
o b
)
=
X~ %6
(@] o £ g
2 3 S5 5% 3
O a 2 < 2 3§
2 g = Q8=
> & e ®
0 3 &
c °8 .
m *
=
2
0 Base Inference Optimal :
- Setup P Consistency
Q data for Consistency .
O Component . . checking
Y, Consistency Generation

Figure 7. 3: High level of consistency checking workflow processes.
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7.5 Summary

This chapter presented new proposed algorithms for online consistency checking of
expert’s responses in pairwise comparison survey. The scale definition and detail
algorithm steps and equations were explained. An empirical example of checking
consistency for Sudanese universities evaluation was presented and described. Finally,

an application design, process workflow and main components were highlighted and

defined.
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CHAPTER VIII

8. FUZZY PREFERENCES APPROXIMATION

The fuzzy preferences approximation chapter describes the computational part of the
classification model. It includes aggregation of group decisions and fuzzy preference

approximation. Empirical examples are presented to evaluate the main and sub criteria.

8.1 Aggregation of Group Decisions

As the second step after checking each individual pairwise comparison response of
Sudanese universities and academic staff evaluation criteria and excluding/revising the

inconsistent judgments, we need to aggregate the consistent fuzzy comparisons matrices.

Since each individual matrix is the assessment of one expert (i.e. decision maker),
aggregation is essential to achieve a group consensus of experts. There are two basic
methods for aggregating the individual preferences into a group preference: aggregating
of individual Judgments (AlJ) and Aggregating of individual priorities (AIP) (Forman
& Peniwati, 1998). In ALl method, the aggregated/group comparison matrix is founded
from the individual comparison matrices. The aggregated matrix is reflected as
comparison matrix of a new expert (i.e. new individual) and the priorities of this expert

are obtained as group solution.

In the AIP method, the experts act individually. Initially, the individual priorities are
obtained from individual comparison matrices and then the group priorities are derived
from these matrices. Based on the degree of complexity of the required fuzzy arithmetic
operations and whether experts share common values and working for the same
organization. Forman & Peniwati, (1998) stated that AIJ is the most often operated
using the geometry mean operation; whereas, AIP is normally perform utilizing the

athematic mean operations. How to select the more precise method for aggregating?

In our case study, the more precise method is the AIJ where the experts work for the
same organization (HE) and share the same values. Due to inhomogeneous responses
(i.e. wide range of upper and lower bandwidths), it is better to exclude the Min and Max
algorithm (Chang et al., 2009) to combine evaluations of different decision makers.
Instead, we used the geometric mean (l;j) which is generally used in the AHP

aggregation group (Davies, 1994).
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1 1 1
lij = (Te=1 Lijie)Ssmyj = (The=1 i) ujy = (Tk=1 wij )< Where (15, myj , u;; ) are the

fuzzy evaluation of sample member’s k (k =1, 2... K) and k is total number of TFN.

For example, we take one node in the hierarchy (UC1) and aggregate six consistent

individual judgments responses by calculating the geometric mean (i.e. GEOMEAN

function) as shown in Figure 8.1. Say the [;; = 0.54 (i.e. Cell E40) is output of

aggregating Cells (E4, E11, E18, E25, E32) by calculating the geometric mean of these
values (1.00, 0.29, 1.00, 0.40, 0.40). m;; = 0.61 (i.e. Cell F40) and u;; = 0.71 (i.e. Cell

G40). Hence the aggregated judgment for six responders between strategic planning and

vision as follows (0.54, 0.61, 0.71). (Yousif, Shaout, 2016/c)

A B E F G I J K M N (0] Q R S V) \ N
1
2 1 Strategic Planning | Vision Mission Goals and Objectives  Operation plans
3 | 1] Strategic Planning 100 100 1.00| 1 100 100 1 100 100 1 100 1.00 1 100 100
4 2| vision E 1.00 100 100 100 100 1 100 100 1 100 1.00 1 100 100
5 |3|Mission 100 100 100 100 100 100 100 100 1.00] 1 100 1.00 1 100 100
6 4| Goals and Objectives 100 100 100 100 100 100 1 100 1007 100 100 1.00 1 100 100
/5] Operation plans 100 100 100 100 100 100 1 100 1.00) 1 100 100] 100 100 100
9 2 Strategic Planning Vision Mission Gioals and Objectivesy Operation plans
1U | 1] Strategic Planning 100 100 100] 25 300 3500 15 200 250 15 200 250 087 100 150
L1 2] Vision 033 040] 100 100 100 15 200 250 15 200 250 087 100 150
12 3| Mission 040 050 067] 040 050 087 100 100 1.00) 15 200 250 087 100 150
15 4| Goals and Objectives 040 050 067] 040 050 087 04 050 067 100 100 100] 087 100 150
L4 5] Operation plans 067 100 150 067 100 150] 067 100 150] 067 100 1501 100 100 100
16 3 Strategic Planning Vision Mission Goals and Objective Operation plans
1/ 1] Strategic Planning 100 100 1.00| 1 100 100 1 100 100 1 100 1.00 1 100 100
15 2| vision E 1.00 100] 100 100 100] 35 400 450 1 100 1.00 1 100 100
19 | 3| Mission 100 100 100 020 025 029 100 100 100 067 100 150] 087 100 150
20 4] Goals and Objectives 100 100 100 100 100 100] 067 100 150 100 100 1.00 1 100 100
21 5] Operation plans 100 100 100 100 100 100] 067 100 150 1 100 100] 100 100 100
3 4 Strategic Planning Vision Mission Gioals and Objectivesy Operation plans
24 1] Strategic Planning 100 100 1.00| 15 200 250 15 200 250 15 200 250 1 100 100
22 2| Vision 050 067] 100 100 100 1 100 1.00) 1 100 1.00 04 050 087
26 3| Mission 040 050 067] 100 100 100 100 100 1.00] 1 100 1.00 04 050 087
2/ | 4|Goals and Objectives 040 050 067] 100 100 100 1 100 100 100 100 1.00 04 050 087
25 | 5] Operation plans 100 100 100] 150 200 2500 15 200 250 15 200 2501 100 100 100
30 '3 1. Strategic Planning 2. Vision 3. Mission 4. Goals and Objectiv] 5. Operation plans
3L | 1| Strategic Flanning 100 100 100 15 200 250 | 067 100 150 | 100 100 100 029 033 040
3£ | 2| Vision 0.40 | 050 067 | 100 100 100 | 100 100 100 | 023 0233 o040 | 023 033 040
33 | 3| Mission 067 100 150 100 100 100 | 100 100 100 | 029 033 040 029 033 040
34 | 4] Goals and Objectives 100 100 100 | 250 300 350|250 300 350 | 100 100 100 100 100 100
33 | 5| Operation plans 250 300 350 | 250 300 350|250 300 350 | 100 100 1op | 100 100 100
36 | |Agzsregation:
38 Strategic Planning Vision Mission Goals and Objectiv]Operation plans
349 | 1) Strategic Planning 1.00 1.00 1.00] 141 164 12850109 132 1°56] 1.18 132 144
40'2 Vision 1 0.71] 1.00 1.00 1.00 152 162 1.00
41 | 3| Mission 6 0.92 e0 0.ee 0.72 1.00 1.00 1.08
4/ | 4|Goals and Objectives 6 0.85]1.00 108 1.19 1.08 1.25 1.00
45 | 5| Operation plans 5 1.39) 1.20 143 1671111 1 1.30] 1.00 1.00 1.00

Figure 8. 1: Aggregation of experts’ responses for Universities evaluation criteria
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8.2 Fuzzy Preferences Approximation

After aggregated consistent decisions in one combined results, we needed to estimate
the preferences/priorities using synthetic extent analysis by (Chang, 1996). The Fuzzy

synthetic extent value S; with respect to the it" criterion is defined as:

: c -1
S; = ;'n=1Méi ® (Z?=12?1=1Méi)

Where g; are the goals and Méi represent TFNs of decision matrix with i=1, 2...n and
j=1,2..m
The fuzzy preference approximation is done using the following steps:

Step 1: In the combined comparison matrix, we need to sum each raw of the matrix (i.e.

fuzzy addition operation) and a new Fuzzy triangular number will be produced.
i Méi = (X1, Xty my, Y7L, wy) where Lis the lower limit value, m is the most

promising value and u is the upper value.

Step 2: Compute fuzzy addition operation of Méi G=1,2,3...m) values

j _
?:1 Z;lel Mgl - (2?:1 ll’ Z?:lml" Z?:l ul)

Then find the inverse of the above equation

(2’1:1 i) Méi)_lz 1/ X wi, 1/ Xy my, 1/ Xim L)

Step 3: Determine the intersections points by comparing each couple (i.e. membership
value / degree of possibility). The minimum degree of possibility for a specific criterion

is the weight of that criterion.

Say M; = (I, my,uy), M, = (l,,m,,u,) are two TFNs, the degree of possibility of
M, = (l,,my,uy;) = My = (I3, my,uy) is defined as

VM, = My) = Supyzx[min(ﬂMl(x)’ﬂMZ )]
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Where ppq (x) and py, (v) are membership functions of the x, y values on the axis of

membership function for each criterion.

It can also be equally stated as follows:

1 if my,>my
] >
V(My = M;) = hgt (M; N My) = py,(d) = 0 L —u Yoz
e otherwise

(ma—uz)—(my—1)
Where d is the ordinate of the highest intersection point D between uy, and py, .

Step 4: The degree of possibility for a convex fuzzy number to be greater than k convex

M; (i = 1...k) can be defined by

V(M= M, .. M) =V[(M= My)and (M = M,)and ..and (M = M,)] =
minV[(M = M;) wherei=1,..,k

Assume that, we calculate the minimum degree possibility d (4;) as d (4;) =
minV(S; = S,) wherek =1,2,...,nand k # i
Then the weight vector is W = (d (4,),d (4y),..,d (4,))T Where A;(i =

1,2,..,n)are n elements.

Step 5: Normalize the weighs for all criteria which represent the final weights (i.e.

importance degree/ priorities weight) for criteria in the hierarchy level.

8.3 Empirical Example: (Part I - Criteria Weights)

Let us take the same aggregated comparison matrix as shown in Table 8.1 and calculate
the weights of the main performance evaluation criteria for Sudanese Universities.
From comparison matrix, the summation of fuzzy triangular numbers of (UCI:

Institutional framework) compared with other criteria as follows:

j_ _
je1 Mg, =Xl b, Xt my, YN uy =

[(1.0000+1.4173+0.9640+.9311+1.0142+0.7300+0.7543+1.1430+0.7930) ,
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(1.000+1.6406+1.1699+1.1009+1.1471+0.8535 +1.0000+1.4241+0.8880),
(1.0000+1.9065+1.4170+1.3035+ 1.3007+0.9921+1.3304+1.7744+1.0110)]
=(8.7469, 10.2241, 12.0365)

Similarly, the result of applying addition operation of TFN for

- Comparing the (UC2: Governance & Administration) criterion with other
criteria:
=(7.7539,9.0391, 10.5834)

- Comparing (UC3: Infrastructure & Services) criterion with other criteria:
=(8.4198,9.6798, 11.1205)

- Comparing (UC4: Human Resources) criterion with other criteria:
=(10.8157, 12.3518, 13.9347)

- Comparing (UCS5: Students & Graduates) criterion with other criteria:
=(8.0271, 9.2022, 10.6382)

- Comparing (UC6: Teaching and Learning Resources) criterion with other
criteria:
=(9.5631, 11.0843, 12.8765)

- Comparing (UC7: Scientific Research and Graduate Studies) criterion with other
criteria:
= (7.0598, 8.2803, 9.8448)

- Comparing (UC8: Community Service) criterion with other criteria:
=(5.8799, 6.7714, 7.9648)

- Comparing (UC9: Quality Management) criterion with other criteria:

=(7.0375, 8.0294, 9.2906)

Then we need to find (Z?zlz;”zl Mé'i)_1 = (/X w1/ m, 1/ Y, L)
= (1/(12.0365+10.5834+...+9.2906), 1/(10.2241+9.0391+...+8.0294),
1/(8.7469+7.7539+...+7.0375))

=(1/98.2894, 1/84.6626, 1/73.3041)

Now, we need to calculate the fuzzy synthetic extent, which is defined as:

S; = 2}"=1Méi ® (Z?=1ZT=1M31-)
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Hence, the Fuzzy synthetic extent value Suci with  respect to the

Institutional frame work criterion is defined as:

Syci = (8.7469, 10.2241, 12.0365) ® (1/98.2894, 1/84.6626, 1/73.3041)
=(0.089, 0.121, 0.164)

The Fuzzy synthetic extent value Sucz  with  respect to  the

Governance & Administration criterion is defined as:

Suce =(7.7539,9.0391, 10.5834) ® (1/98.2894, 1/84.6626, 1/73.3041)
=(0.079, 0.107, 0.144)

Similarly,

Suycz = (0.086, 0.114, 0.152), Sycs = (0.110, 0.146, 0.190), Sycs = (0.082, 0.109,
0.145), Syce = (0.097, 0.131, 0.176), Syc7 = (0.072, 0.098, 0.134), Sycs = (0.060,
0.080, 0.109), Syco = (0.072, 0.095, 0.127)

Using these vectors and below equation, we can get the degree of possibility

1 lf m, > mq

[ >
V(My = My) = hgt (My N My) = py,(d) = 0 L o=
L2 otherwise

(my—uz)—(my—1y)

For UCI1: Institutional frame work, let:
[, =0.089, [; =0.079, m, = 0.121,m; = 0.144, u, = 0.164, u; = 0.144.
Then V(Syc1 = Sycz): V((0.089, 0.121, 0.164) > (0.079, 0.107, 0.144)) = 1.000

Similarly

V(Syc1 = Suycz): V((0.089,0.121, 0.164) = (0.086, 0.114, 0.152)) = 1.000

V(Syc1 = Suyca): V((0.089,0.121, 0.164) = (0.110, 0.146, 0.190)) = 0.683

V(Syc1 = Suycs): V((0.089, 0.121, 0.164) = (0.082, 0.109, 0.145)) = 1.000

V(Syc1 = Suyce): V((0.089,0.121, 0.164) = (0.097, 0.131, 0.176)) = 0.868

V(Syc1 = Syc7):V(0.089,0.121, 0.164) = (0.072, 0.098, 0.134)) = 1.000

V(Syc1 = Suycs) : V((0.089, 0.121, 0.164) = (0.060, 0.080, 0.109)) = 1.000

v v IV IV

v
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V(Syc1 = Syco) : V((0.089, 0.121, 0.164) = (0.072, 0.095, 0.127)) = 1.000

Membership function plots of intersection of the UCI: Institutional frame work with
(UC2, UC3, UC4, UC5, UC6, UC7, and UCB) are presented in Appendix A.

Similarly:

For UC2: Governance & Administration

V(Sycz = Suc1) =0.798, V(Sycz = Sycs) =0.886, V(Syca = Syca) = 0.467,
V(Sycz = Sycs) =0.970, V(Sycz = Suce) = 0.661, V(Sycz = Sycs) = 1.000,
V(Sycz = Sycg) =1.000, V(Sycz = Syco) = 1.000.

For UC3: Infrastructure & Services

V(Sycz = Syc1) =0.907,  V(Sycz = Sycz) =1.000, V(Sycz = Syca) =0.569,
V(Sycs = Sycs) =1.000,  V(Sycz = Syce) =0.766,  V(Sycs = Sycz) = 1.000,
V(Sycz = Sycg) =1.000, V(Sycz = Syco) = 1.000.

v

For UC4: Human Resources

V(Syca Suc1) = 1.000, V(Syca = Sycz) =1.000, V(Syca = Sycsz) = 1.000,
V(Syca = Sycs) =1.000,  V(Syca = Syce) =1.000,  V(Sycsa = Sycz) = 1.000,
V(Syca = Sycg) =1.000,  V(Syca = Syce) = 1.000.

v
v

\Y
v

For UCS5: Students & Graduates

V(SUC5 2 SUCl):O‘8237 V(SUCS 2 Sucz): 1000, V(SUCS 2 Suc3):O.913,
V(Sucs = Suyca) =0.485,  V(Sycs = Syce) =0.683,  V(Sycs = Sycy) = 1.000,
V(Sucs = Sycs) =1.000,  V(Sycs = Syco) = 1.000.

For UC6: Teaching and Learning Resources

V(Suce = Suct) = 1.000, V(Suce = Sucz) = 1.000, V(Suce
V(Suce = Suca) =0.814, V(Suce = Sucs) = 1.000, V(Sucs
V(Syce = Sucs) = 1.000, V(Syce = Suco) = 1.000.

v

Suc3) = 1000,
Suc7) = 1000,

v

For UC7: Scientific Research and Graduate Studies
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V(Suc7 = Suc1) =0.664,  V(Syc; = Sycz) =0.861,  V(Syc; = Sycs) = 0.746,
V(Sucr = Suca) =0.335,  V(Sycs = Suycs) =0.829,  V(Sycy = Syce) = 0.528,
V(Syc7 = Sycg) =1.000,  V(Sycy = Syco) = 1.000.

For UCS8: Community Service

V(Sycs = Syc1) =0.325,  V(Sycg = Suycz) =0.526,  V(Sycg = Sycz) =0.401,
V(Sucs = Syca) =0.000,  V(Sycg = Sycs) =0.484,  V(Sycg = Syce) =0.182,
V(Sycs = Syc7) =0.674,  V(Sycs = Syco) =0.714.

For UC9: Quality Management

V(Syco = Suc1) =0.593,  V(Syco = Sycz) =0.800,  V(Syco = Sycs) = 0.678,
V(Syco = Syca) =0246,  V(Syco = Sycs) =0.765,  V(Syco = Syce) = 0.449,
V(Suco = Suycr) =0.949,  V(Syco = Sycs) = 1.000.

From these -calculations; the weight (W) is approximated by minimizing and

normalizing V (i.e. minV[(M = M;) wherei =1, ...,k]).

Therefore, the weight W is obtained as follows:

Minimizing Wy = (0.683, 0.467, 0.569, 1.000, 0.485, 0.814, 0.335, 0.000, 0.246)
Normalizing Wy = (0.148, 0.102, 0.124, 0.217, 0.105, 0.177, 0.073, 0.000, 0.054)

It means that the weight of the main performance evaluation criteria for Sudanese
universities (i.e. UCI: Institutional frame work, UC2: Governance & Administration,
UC3: Infrastructure & Services, UC4: Human Resources, UCS5: Students & Graduates,
UC6: Teaching and Learning Resources, UC7: Scientific Research and Graduate
Studies, UC8: Community Service and UCS8: Quality Management) are equal to (0.148,
0.102,0.124, 0.217, 0.105, 0.177, 0.073, 0.000, 0.054) respectively.

According to this example the most important criterion is the ‘UC4-Human Resources’
and the least important criteria are ‘UC8-Community Service’ and ‘UC9-Quality
Management’. One criterion ‘UC8-Community Service’ is not important at all when
compared with the others. Fuzzy pair wise comparisons offer that if a criterion is less
important than all of the others, then comparatively this criterion has no importance and

its weight is zero.
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Systematic approach could be considered by using Microsoft Excel & predefined
functions in order to design the comparisons matrices and easily & accurately compute
the priorities weights.

The main criteria and sub-criteria for universities performance evaluation are compared
in Table 8.1 to Table 8.10. Also, the main criteria and sub-criteria for academic staff

performance evaluation are compared in the Table 8.11 to Table 8.25.

Therefore, similarly the weight vector for sub criteria in Tables 8.2 to 8.10 are

calculated as follows:

Wyer = (0.325,0.133, 0.047, 0.150, 0.345),
Wyez = (0.202, 0.098, 0.158, 0.132, 0.220, 0.033, 0.158)

Wyes =(0.292,0.231,0.211, 0.266), Wye, = (0.182,0.737, 0.081)
Wyes = (0.844, 0.156,0.000) ,

Wyee = (0.134, 0.135,0.116, 0.143, 0.069, 0.120, 0.140, 0.079, 0.064)
Wyer =(0.105,0.224,0.219, 0.092, 0.161, 0.200), Wyeg = (0.5, 0.5)
Wyeo = (0.463,0.537)

Where the weight vector Wy, represents the weights of sub criteria of (UC1)
Institutional framework criterion: The 0.325 is weight of (UC11: Strategic Planning),
0.133 is weight of (UC12: Vision), etc. correspondingly as defined in the Tablel.

Similarly for the other weight vectors Wy, Wycs, ..., Wyco,

Same procedures were executed to check the consistency, aggregate responses,
approximate and get the final weight of the main Academic Staff criteria and sub
criteria. Tables from Table 8.11 to Table 8.25 represents the aggregated comparison

matrices for the main criteria and sub criteria of Academic Staff.

The following weights are calculated and obtained for the main criteria and sub criteria:

Main criteria: From table 8.11:

W,e = (0300, 0.369, 0.058, 0.129, 0.031, 0.114)

107



Sub criteria weight (level-1): from tables 8.12 to 8.17.
Wac1 = (0.255, 0.339, 0.087, 0.145, 0.174), Wy, = (0.189, 0.203, 0.179, 0.198,
0.034, 0.198)
Wycz =(0.186, 0.105, 0.604, 0.105), Wyca =(0.006, 0.242,0.291, 0.461)
Wyces =(0.430, 0.373, 0.040, 0.157), Wyce =(0.250, 0.250, 0.250, 0.250)

Sub criteria weights (level-2): from tables 8.18 to 8.21
Wyes1 =(0.036, 0.156, 0.177, 0.305, 0.143, 0.182),
Wyes. =(0.000, 0.077, 0.081, 0.165, 0.154, 0.254, 0.270)
Wyess =(0.333,0.333, 0.333),

Wyesa =(0.216, 0.249, 0.308, 0.227)

Sub criteria weights (level-2): from table 8.22 to 8.25
Wycer =(0.179,0.188, 0.291, 0.343).
Wyce2 =(0.049, 0.138, 0.130, 0.109, 0.119, 0.169, 0.132, 0.154).
Wycez =(0.007, 0.089, 0.054, 0.097, 0.288, 0.288, 0.176).
Wycea =(0.079,0.051, 0.056, 0.095, 0.028, 0.099, 0.074, 0.138, 0.142, 0.150, 0.116).

Level of strength
The levels of strength for the criterion model are ranked as follows:
1. Main criteria weight (Wy;) has the highest strength . Where w = weight, u =
alternative type, and ci = main criteria i= 1,2, ..,n)
2. Sub criteria weight (Wy;;) has next highest strength. Where w = weight, u =
alternative type, and C;; is sub-criteria, i = 1,2, ..,n,j=1, 2, ..., k )
3. Individual Alternative weight with respect to specific criteria has the lowest
strength.
Defl: Main criteria are the first level criteria in the decision model.
Def2: The sub-criteria is the any level other than the first level
Def3: Bottom criteria is last criteria that connect to an alternative

Def4: An alternative is the input to be processed (i.e. to be classified)
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Theorem 8.1:

Any bottom criteria can be main or sub criteria, but not every main or sub criteria can be

bottom criteria.

- Based on the model, the main criteria could be the only criteria in the model, then in

this case the main becomes bottom criteria as well.

- Based in the model the main and sub criteria could be the only criteria in the model,

which implies that the sub criteria becomes bottom criteria

Table 8. 1: Evaluation of performance evaluation criteria with respect to main goal (UC)
UC1 uc2 ucC3 uc4 UcCs uce uc7 ucs8 uco
(142, (096, (093, (1.01, (0.73, 075, (.14, (0.79,
UCI (LL1) 164, 1.17, 11, 115, 0.85, 1, 1.42, 0.89,
1.91) 1.42) 1.3) 13) 099 1.33) 1.77) 1.01)
(0.52, 073, (103, (0.82, (0.57, 0.96, (129,  (0.84,
UC2  0.6l, (1L,L,1) 085, 117, 1, 0.66, 1.17, 1.64, 0.94,
0.71) 1.01) 1.3) 122)  0.78) 1.43)  2.06) 1.06)
0.71, (0.9, (059,  (0.65, (085, (126, (129,  (1.08,
UC3 0.8, 1.17, (LLL) 069, 0.8, 1, 1.49, 1.51, 1.17,
1.04) 1.38) 082 1) 1.15) 1.69) 1.77) 1.27)
.77, (077,  (1.23, (128,  (1.36, (1.62, (145,  (1.34,
uc4 0.9, 0.85, 1.45, (LL1) 143, 157, 1.92, 1.74, 1.49,
1.08) 0.97) 1.71) 1.55)  1.77) 22) 2.04) 1.61)
077,  (0.82, (1, (0.64, (0.94, (0.83, (1, (1.02,
Ucs 0.87, 1, 1.24, 0.7, (1LLY) 1, 1, 1.1, 1.29,
0.99) 1.22) 1.54)  0.78) 1.06) 1.21) 1.21) 1.62)
(101, (129,  (0.87,  (0.57, (0.94, (145, (143, (101,
uce 1.17, 1.51, 1, 063, 1, (1L,L) 174, 1.81, 1.22,
1.37) 1.77) 1L17)  0.74)  1.06) 204) 224) 1.47)
0.75, (0.7, (059,  (0.46,  (0.83,  (0.49, (1.14, (109,
uc7 1, 0.85, 0.67, 052, 1, 0.57, (1,1,1) 129, 1.37,
1.33) 1.05)  0.8) 0.62)  121)  0.69) 1.44) 1.7)
(057, (048,  (0.57, (049, (0.83, (045, (0.69, (0.8,
ucs 0.7, 0.61, 0.66, 057, 091,  0.55, 0.77, (LLY) 1,
0.88) 078)  0.78) 069 1) 0.7) 0.88) 1.25)
099,  (0.94, (079,  (0.62, (0.62, (0.68, 059, (0.8,
ucy 112, 1.06, 0.85, 067, 077, 082, 0.73, 1, (1,1,1)
1.27) 1.2) 093) 075 099 1) 0.92) 1.25)

Table 8. 2: Evaluation of the sub criteria of Institutional Framework (UC1)

uCl1 ucl12 UC13 UCl14 ucCl1s
uCll  (1,1,1) (1.41,1.64,1.85)  (1.09,1.32,1.56) (1.18,1.32,1.44)  (0.72,0.8,0.9)
UC12  (0.54,0.61,0.71)  (1,1,1) (1.39,1.52,1.62)  (0.85,0.92,1) (0.6,0.7,0.83)
UCI3  (0.64,0.76,0.92)  (0.6,0.66,0.72)  (1,1,1) (0.78,0.92,1.08)  (0.55,0.7,0.9)
UC14  (0.69,0.76,0.85)  (1,1.08,1.19) (0.92,1.08,1.29)  (1,1,1) (0.77,0.87,1)
UC15  (1.11,1.25,1.39)  (1.2,143,1.67)  (1.11,1.43,1.81) (1,1.15,1.3) (1,1,1)
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Table 8. 3: Evaluation of the sub criteria of Governance & Administration (UC2)

uc2l1 uC22 UuC23 UuC24 ucC2s UC26 uca7
D L L U O
R T L L L
uc23 5?6619),0.82, (1(.)3895),1.08, a,1,1) (1(2789),1, (1(;.65,0.8, (21.2564;,1.89, (ﬁ);;&l,
UC24 (1(;.59,0.76, (;);92),1.08, (1(?é7f§9),1, (1,11) (1(;.59,0.76, (11.9119),1.52, (1(;.59,0.76,
s OZUIS (s (m g, (g o
v (05 Gfom (os Odtas 0705, 066
e i S o G A P

Table 8. 4: Evaluation of the sub criteria of Infrastructure & Services (UC3)

UCs3l1 UC32 UC33 UC34

uc3l (1,1, 1) (1.09,1.32,1.56)  (0.93,1.09,1.28)  (0.72,0.95, 1.27)
UC32  (0.64,0.76,0.92) (1,1,1) (0.9,1.08,1.28)  (0.91,1.05,1.2)
UC33  (0.79,0.91,1.07)  (0.78,0.93,1.11)  (1,1,1) (0.72, 0.88, 1.09)

UC34  (0.79,1.05,1.39)  (0.83,0.95,1.09)  (0.92,1.13,1.39) (1,1, 1)

Table 8. 5: Evaluation of the sub criteria of Human Resources (UC4)

U4l UC42 UC43
ucdl (1,1, 1) (0.69, 0.82,0.99)  (0.84,0.96, 1.1)
Uc42  (1.01,121,146) (1,1, 1) (1.45,1.78,2.17)

UC43  (0.91,1.04,1.19) (0.46,0.56,0.69) (1,1,1)

Table 8. 6: Evaluation of the sub criteria of Students & Graduates (UC5)

UCs1 UCs2 UCs3
ucst (1, 1,1) (1.31,159,1.84)  (2.36,2.88,3.4)
UC52  (0.54,0.63,0.77) (1,1,1) (1.84,2.08,2.31)

UCS53  (0.29,0.35,0.43)  (0.44,048,0.54) (1,1, 1)

Table 8. 7: Evaluation of the sub criteria of Teaching & Learning Resources (UC6)

ucCel uce62 UucCe63 UucCo4 UC65 UC66 uce7 UC68 UuCce69

(108, (1, a{, (12, (092, (092, (0.79, (111,

ucel  (1,1,1) 115, 115, 115, 143, 115 1, 1, 1.43,
1.2) 1.3) 1.3) 1.67)  1.41)  1.08)  1.28) 1.81)

(0.83, (1.19, (092, (133, (0.92, (092, (0.92, (1.02,

uce2 087, (L,1,1) 152, 1, 1.55, 115, 1, 1.15, 1.25,
0.92) 1.91) 1.08) 1.79) 141) 1.08)  1.41) 1.51)
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0.77,  (0.52, 0.92, (092, (1.1,  (0.71, (0.94, (0.83,

Uce3 087, 0.66, (1L,1,1) 115, 1.08, 1.2, 087, 125, 1,
1) 0.85) 141)  129)  2.07) 1.09)  1.64) 1.2)
0.77, (0.92, (0.71, (131, (102, (1.2, (1.13, (0.93,

uces 087, 1, 087, (LL1) 1.64, 143, 125  L155, 1.32,
1) 1.08)  1.09) 204)  197) 151)  2.11) 1.87)
0.6, (056, (0.78,  (0.49, 0.61, (052, (0.73, (0.85,

uces 0.7,  0.64, 092, 061, (1,1,1) 08, 0.66, 1, 1.06,
0.83) 0.75) 1.08)  0.76) 1.06)  0.85)  1.38) 1.32)
(0.71, (0.71, (048, (0.51, (0.94, 0.99, (1.42, (1.29,

uce6  0.87, 087, 0.66, 0.7, 125, (L,L,1) 115 164, 1.52,
1.09)  1.09) 0.92) 098)  1.64) 135)  1.88) 1.76)
0.92,  (0.92, (092, (0.67, (119, (0.74, (1.54, (1.29,

uce? 1, 1, 115, 0.8, 1,52, 087, (LL1) 1.89, 1.52,
1.08) 1.08) 1.41) 098  1.91)  1.02) 2.26) 1.76)
0.79, (0.71, (0.61, (0.48, (0.73, (0.53, (0.44, (1.19,

uces 1, 087, 0.8, 0.64, 1, 0.61, 053, (L,L) 132,
1.28) 1.09) 1.06) 088 138 07)  0.65) 1.47)
(055, (0.67, (0.83, (0.54, (0.76, (0.57, (0.57, (0.68,

uced 0.7, 0.8, 1, 0.76, 094, 066, 0.66,  0.76, (11,1

09)  098) 12) 1.08) 1.18)  0.78)  0.78)  0.85)

Table 8. 8: Evaluation of the sub criteria of Scientific Research, Graduate Studies (UC7)

uC71 UCT72 UC73 UC74 uC7s UC76
(LLD) (0.64,0.79,  (0.88,1, (0.88.1, (0.58,0.69, (0.58,0.69,
vcyt b 1) 1.14) 1.14) 0.84) 0.84)
(1,1.26, (LLD) (0.88,1, (1742, (0.77.1, (0.77.1,
UC72  1.55) a 1.14) 2.24) 1.31) 1.31)
(0.88,1, (0.88,1, (LLD) (1.19,1.44, (1.04,1.44, (1,1.26,
UC73  1.14) 1.14) o 1.74) 1.99) 1.55)
(0.88,1, (0.43,0.5, (0.58,0.69, (LLD) (0.77.1, (0.74,0.79,
UC74  1.14) 0.58) 0.84) o 1.31) 0.88)
(1.19,1.44, 0.77,1, (0.51,0.69, (0.77,1, (LLD) (0.64,0.79,
UC75  1.74) 1.31) 0.97) 1.31) a 1)
(1.19,1.44, (0.77,1, (0.64,0.79, (1.14,1.26, (1,1.26, (LLD)
UC76  1.74) 1.31) 1) 1.36) 1.55) ’

Table 8. 9: Evaluation of the sub criteria of Community Service (UCS)

UCsl1 uCs2
ucst  (1,1,1) (1.15, 1.44, 1.77)
ucs2  (0.57,0.69,0.87) (1,1, 1)

Table 8. 10: Evaluation of the sub criteria of Quality Management (UC9)

U9l U92
wr (1,1, 1) (0.84,0.96, 1.1)
U2 (0.91,1.04,1.19) (1,1,1)
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Table 8. 11: Evaluation of the main criteria of Academic Staff with respect to goal

AC1 AC2 AC3 AC4 ACS AC6
ey OEOTL GEm gmiL e (e
a (I (T gSn @2 @
aco QMO OMOT ) GEL g G
oo BROT0SOT DLy (0 0m
ACS 896136;,0.5, g.).636';,0.5, (11..5282),1.41, (1(;,52,0.71, (1,11 g(.),862f‘;,0.71,
o QROTL OMOT QL amL gz,

Table 8. 12: Evaluation of the sub criteria of Excellence in Research (AC1)

ACl11 ACI2 ACI13 ACl4 ACI5
ACIL  (L,L,1) (0.54,0.57,0.63) (1.29,1.73,2.29) (0.82,1,1.22)  (1.58,1.73,1.87)
AC12  (1.58,1.73,1.87) (1,1,1) (1.29,1.73,2.29)  (1.29,1.73,229)  (0.82,1,1.22)
ACI3  (0.44,0.57,0.77) (0.44,0.57,0.77) (1,1,1) (0.67,1,1.5) (0.52,0.71,1)
AC14  (0.82,1,1.22)  (0.44,0.57,0.77) (0.67,1,1.5) (1,1,1) (0.82,1,1.22)
ACI5  (0.54,0.57,0.63) (0.82,1,1.22) (1,1.41,1.94)  (0.82,1,1.22)  (1,1,1)
Table 8. 13: Evaluation of the sub criteria of Teaching Quality (AC2)
AC21 AC22 AC23 AC25 AC26 AC27
AC21  (1,1,1) (1,1,1) (0.67,1,1.5)  (0.67,1,1.5) (21599)’1'73’ (0.82,1,1.22)
AC22  (1,1,1) (1,1,1) (1,1.41,1.94)  (0.67,1,1.5) (21229(;’1'73’ (0.82,1,1.22)
AC23  (0.67,1,1.5)  (0.52,0.71,1)  (1,1,1) (0.67,1,1.5) (115357%’1'73’ (0.82,1,1.22)
(1.87,2,
AC24  (0.67,1,1.5)  (0.67,1,1.5)  (0.67,1,1.5)  (L,L1) 2.12) (0.82,1,1.22)
(044,057,  (0.44,0.57,  (0.54,057,  (0.45,0.5,
AC2S oy 0.77) 0.63) 0.54) (LL,1) (0.37,0.5,0.66)
(0.82,1,
AC26 ) (0.82,1,1.22)  (0.82,1,1.22)  (0.82,1,1.22) (1.53,2,2.6) (1,1,1)
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Table 8. 14: Evaluation of the sub criteria of Service & Administration (AC3)

AC31 AC32 AC33 AC34
Ac3l (LLD) (1,1,1) (0.63,0.71,0.82) (0.54,0.57,0.63)
AC3  (LLD (1,1,1) (0.63,0.71,0.82) (1,1,1)
AC33  (122,141,158)  (0.82,1,1.22) (1,1,1) (1.58,1.73,1.87)

AC3a  (1.58,1.73,1.87)

(0.54,0.57,0.63)

(0.54,0.57,0.63) (1,1,1)

Table 8. 15: Evaluation of the sub criteria of Knowledge Transfer (AC4)

AC41 AC42 AC43 AC44

AC41  (1,1,1) (0.63,0.71,0.82)  (0.54,0.57,0.63)  (0.44,0.57,0.77)
AC42  (1.22,1.41,1.58) (1,1,1) (1L,1,1) (0.52,0.71,1)
AC43  (1.58,1.73,1.87) (1,1,1) (1,1,1) (0.52,0.71,1)
AC44  (1.29,1.732.29) (1,1.41,1.94) (1,1.41,1.94) (1,1,1)

Table 8. 16: Evaluation of the sub criteria of Students Feedback (ACS)

AC51 AC52 AC53 AC54

AC51  (1,1,1) (1.22,1.41,1.58)  (1.58,1.73,1.87)  (1,1.41,1.94)
AC52  (0.63,0.71,0.82) (1,1,1) (1.87,2,2.12) (1,1.41,1.94)
AC53  (0.54,0.57,0.63) (0.45,0.5,0.54)  (1,1,1) (0.67,1,1.5)
AC54  (0.52,0.71,1) (0.52,0.71,1) (0.67,1,1.5) (1,1,1)

Table 8. 17: Evaluation of the sub criteria of Peers Feedback (AC6)

AC61 AC62 AC63 AC64
AC61 (1,1,1) (1,1,1) (0.82,1,1.22) (0.82,1,1.22)
AC62 (1,1,1) (1,1,1) (0.82,1,1.22) (0.82,1,1.22)

Aces  (0.821,1.22)

AC64 (0.82,1,1.22)

(0.82,1,1.22)

(0.82,1,1.22)

(1,1,1)

(1,1,1)

(1,1,1)

(1,1,1)

Table 8. 18: Evaluation of the sub criteria of Teaching Capability (AC51)

AC511 AC512 AC513 AC514 AC515 AC516
(0.54,0.63, (0.43,0.55,

AC511 (1,1,1) (0841,119) () 0.74) (0.64,0.79,1)  (0.49,0.55,0.64)

Ac512  (0.84,1,1.19) (1,1,1) (1,1.26,1.55) goég,o.m, (0.88,1,1.14)  (0.88,1,1.14)

AC513 (118341)’1'59’ 0.64,0.79,1)  (1,1,1) 0.77,1,1.31)  (1,1,1) (1,1,1)
(1.36,1.82,  (1.14,1.26, (1.15,1.59,

ACs14 ) 20 1 36) (0.77,1,131)  (L,L,1) 210 (1.15,1.59,2.11)

AC515  (1,1.26,1.55) (0.88,1,1.14)  (1,1,1) goég,o.él (1,1,1) (0.88,1,1.14)
(1.55,1.82, (0.48,0.63,

ACS16 ) o (0.88,1,1.14)  (1,1,1) 0.88) (0.88,1,1.14)  (1,1,1)
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Table 8. 19:

Evaluation of the sub criteria of Material Contribution (AC52)

AC521 AC522 AC523 AC524 AC525 AC526 AC527
Y
AC522 (1(;.64,0.79, (1,11) (11315)26, (11;15)26, 89815;,0.69, 89.736),0.69, 89&36),0.69,
s (4126 @OOB O s Gom @0
o (ISI9 QWP QL 0L 0T
s (L (DL 0L 0Ly G0s 000
s (N (I (I 0L ey, 08
o (S (00 (I G

Table 8. 20: Evaluation of the sub criteria of Material Content (AC53)

AC531 AC532 AC533
AC531 (1,1,1) 0.77,1,L1.31)  (1,1,1)
AC532  (0.77,1,131)  (1,1,1) (0.77,1,1.31)
AC533  (LL1) 0.77,1,1.31)  (1,1,1)
Table 8. 21: Evaluation of sub criteria of (AC54) criterion
AC541 AC542 AC543 AC544
AC541  (1,L,1) (0.88,1,1.14)  (0.74,0.79,0.88) (0.77,1,1.31)
AC542  (0.88,1,1.14) (1,1,1) (0.77,1,1.31) (0.77,1,1.31)
AC543  (1.14,126,1.36) (0.77,1,1.31)  (1,1,1) (1,1.26,1.55)
AC544  (0.77,1,1.31) (0.77,1,1.31)  (0.64,0.79,1) (1,1,1)

Table 8. 22: Evaluation of the sub criteria of Course Content (AC61)

AC611 AC612 AC613 AC614

AC611  (1,1,1) (0.91,1.19,1.54)  (0.58,0.64,0.72)  (0.6,0.76,0.97)
AC612  (0.65,0.84,1.11)  (1,1,1) (0.74,1,1.36) (0.66,0.76,0.88)
AC613  (1.39,1.57,1.72)  (0.74,1,1.36) (1,1,1) (0.72,0.84,1)
AC614  (1.03,1.32,1.68) (1.14,1.32,1.51) (1,1.19,1.39) (1,1,1)
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Table 8. 23: Evaluation of the sub criteria of Delivery & Teaching Methods (AC62)

AC621 AC622 AC623 AC624 AC625 AC626 AC627 AC628

(0.66, (0.88, (0.74, (0.49, (0.58, (0.88,
AC621 (1,11 0.69, 1, (1,1,1) 0.79, 0.55, 0.69, 1,
0.74) 1.14) 0.88) 0.64) 0.84) 1.14)
(1.36, (0.88, (0.88, (0.88, (0.88,
AC622 .44, (1,1,1) (1,1,1) 1, 1, 1, (1,1,1) 1,
1.52) 1.14) 1.14) 1.14) 1.14)
(0.88, (1.14, (0.88, (0.88, (0.88,
AC623 1, (1,1,1) (1,1,1) 1.26, 1, (1,1,1) 1, 1,
1.14) 1.36) 1.14) 1.14) 1.14)
(0.88, (0.74, (0.77, (0.77, (0.77, (0.64,
AC624  (1,1,1) 1, 0.79, (1,1,1) 1, 1, 1, 0.79,
1.14) 0.88) 1.31) 1.31) 1.31) 1)
(1.14, (0.88, (0.88, (0.77, (0.88, (0.58,
AC625 126, 1, 1, 1, (1L,1,1) (1L,1,1) 1, 0.69,
1.36) 1.14) 1.14) 1.31) 1.14) 0.84)
(1.55, (0.88, (0.77, (1.14, (0.77,
AC626  1.82, 1, (1,1,1) 1, (1,1,1) (1,1,1) 1.26, 1,
2.06) 1.14) 1.31) 1.36) 1.31)
(1.19, (0.88, 0.77, (0.88, (0.74,
AC627 144, (1,1,1) 1, 1, 1, 0.79, (1,1,1) (1,1,1)
1.74) 1.14) 1.31) 1.14) 0.88)
(0.88, (0.88, (0.88, a1, (1.19, (0.77,
AC628 1, 1, 1, 1.26, 1.44, 1, (1,1,1) (1,1,1)
1.14) 1.14) 1.14) 1.55) 1.74) 1.31)

Table 8. 24: Evaluation of the sub criteria of Learning Environment (AC63)

AC631 AC632 AC633 AC634 AC635 AC636 AC637

(0.88, (0.58, (0.49, (0.49, (0.88,
AC631 (1,1,1) (1,1,1) 1, 0.69, 0.55, 0.55, 1,
1.14) 0.84) 0.64) 0.64) 1.14)
(0.77, (0.74, (0.74, (0.77,
AC632 (1,1,1) (1,1,1) 1, (1,1,1) 0.79, 0.79, 1,
1.31) 0.88) 0.88) 1.31)
(0.88, (0.77, (0.74, (0.74, (0.66,
AC633 1, 1, (1,1,1) (1,1,1) 0.79, 0.79, 0.69,
1.14) 1.31) 0.88) 0.88) 0.74)
(1.19, (0.43, (0.43, (0.77,
AC634 1.44, (1,1,1) (1,1,1) (1,1,1) 0.55, 0.55, 1,
1.74) 0.74) 0.74) 1.31)
(1.55, (1.14, (1.14, (1.36, (0.77,
AC635 1.82, 1.26, 1.26, 1.82, (1,1,1) (1,1,1) 1,
2.06) 1.36) 1.36) 2.36) 1.31)
(1.55, (1.14, (1.14, (1.36, (0.88,
AC636 1.82, 1.26, 1.26, 1.82, (1,1,1) (1,1,1) 1,
2.06) 1.36) 1.36) 2.36) 1.14)
(0.88, (0.77, (1.36, (0.77, (0.77, (0.88,
AC637 1, 1, 1.44, 1, 1, 1, (1,1,1)
1.14) 1.31) 1.52) 1.31) 1.31) 1.14)
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Table 8. 25: Evaluation of the sub criteria of AC64 (Comm., Collabor. & Profess.)

AC6 AC6 AC6 AC6 AC6 AC6 AC6 AC6 AC6 AC6 AC6

41 42 43 44 45 46 47 48 49 410 411
Ace O «, (0.88, (0.88,  (0.88, (I, «, «, (0.88, (0.88, (0.88,
il 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,
1) 1) 1.14)  1.14) 1.14) 1) 1) 1) L14)  1.14)  1.14)
Ace O «, 0.77,  (0.88,  (0.88,  (0.77, (0.88, (0.66, (0.66, (0.66, (0.8,
1 1, 1, 1, 1, 1, 1, 1, 069, 069, 0.69,  0.69,
1) 1) 131)  1.14) 1.14) 131)  1.14)  074) 0.74)  0.74)  0.84)
Ace (088, (077, (1, .77, (1, «, (077, (0.58, (0.58, (0.58, (0.66,
P 1, 1, 1, 1, 1, 1, 1, 069, 069, 0.69,  0.69,
L14)  131) 1) 1.31) 1 1) 131)  0.84) 084) 084) 0.74)
Ace (088, (088, (077, (1, (0.88,  (0.88, (0.88, (0.88, (0.88, (0.88, (1.14,
” 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1.26,
1.14)  1.14)  131) 1) 1.14) 1L14) 114 1.14) 114 114 136
ACce (088, (088, (I, 088, (I, 0.66, (0.58, (0.66, (0.58, (0.58, (0.58,
45 1, 1, 1, 1, 1, 069, 069, 069, 069, 0.9, 0.69,
L14) 114 1) 1.14) 1) 074)  0.84) 0.74) 0.84) 084) 0.84)
.77, (1, 088, (136, (I, 077,  (0.77, (0.88, (0.88, (0.88,
A4C66 51’1’1 1, 1, 1, 1.44, 1, 1, 1, 1, 1, 1,
13) 1) 1.14) 1.52) 1) 131)  131)  1.14)  1.14)  1.14)
AC6 (g ©88 (077, (088 (119, (077, (1, (0.58, (0.58, (0.66, (0.76,
e VL 1, 1, 1.44, 1, 1, 069, 069, 069, 087,
1L14)  131)  1.14) 1.74) 131) 1) 0.84) 084) 0.74) 1)
(136, (119, (0.88, (136,  (0.77, (119, (I, «{, «{, (1.14,
A4C86 51’1’1 144, 144, 1, 1.44, 1, 144, 1, 1, 1, 1.26,
152)  174)  1.14) 1.52) 131) 174 1) 1) 1) 1.36)
ACe (088 (136, (119, (088, (119, (088, (119, (I, a, (0.88,  (1.36,
15 1, 144, 144, 1, 1.44, 1, 144, 1, 1, 1, 1.44,
114)  152)  1.74) 1.14) 1.74) 1L14) 174 1) 1) 1.14)  1.52)
ace (088 (136, (119, (0.8, (119, (088, (136 (I, 088, (1, (1.14,
a0 b 144, 144, 1, 1.44, 1, 144, 1, 1, 1, 1.26,
1L14)  152) 174) 1.14) 1.74) 1.14)  152) 1) 1.14) 1) 1.36)
0.88, (1.19, (136, (0.74,  (l.19, 0.88, (L, 074, (0.66, (0.74, (1,
AC6
ALl 1 144, 144, 0.9, 1.44, 1, 1.14, 079, 069, 079, 1

1.14)  1.74) 152)  0.88) 1.74) 1.14)  133) 088 0.74) 088 1)

8.4 Summary

In this chapter, group of experts’ decisions were aggregated and computational details
steps for criteria/ sub-criteria weight were processed and explained using fuzzy
preference approximation. Empirical examples are provided “Universities and academic

staff performance evaluation” where all criteria and sub criteria weights were calculated.
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CHAPTER IX

9. APPLY FTOPSIS TO OBTAIN THE FINAL RANKING

In the prior sections we determined the weights of criteria for universities and academic
staff performance. This section, explains the final ranking process for Universities &
Academic Staff (alternatives). Since the numbers of alternatives are huge and it is so
difficult to construct pairwise comparison and relative priorities due to computational
complexity, we used the FOTOPSIS technique.

The advantage of FTOPSIS is to rank the alternative solutions by sorting the relative
distance of the alternative solutions to the ideal solution irrespective of the volume of
the universities and academic staff. Furthermore, fuzzy numbers are used to set the
relative priorities instead of crisp numbers which allow considering the experts’
subjective views. Sample of 15 Sudanese universities and 5 academic staff members

(alternatives) were selected, evaluated and ranked.

9.1 Preliminary

The preliminary arithmetical operations on intervals, and normalization approach, and
definition of TFN (Triangular Fuzzy Number) and its relevant calculations for TOPSIS

are explained in the following definitions:

Definition 1 (Kaufmann, Gupta, 1991):
For any x4, x5,V1,Y2 € R, where x; < x,,y1 < y, Letx=[xq,x,] andy =[ y1,¥3]
be two +ve interval numbers. The athematic interval can be presented as follows:
Xty=[x1+ %2, Y1+ V2], X-y=[x1 = X2, Y1 = V2], Xy =[X1X3, y1¥2], X/y =
[xX1/%2, ¥1/2]

Definition 2 (Kaufmann, Gupta, 1991):

Let = a=1(a;,a,,a3)andb = (by,b,,b3) be two triangular fuzzy numbers,

then vertex method is defined to calculate the distance between them as follows:

A@H) = [} 1@ = b2+ (ap = )7 + (a5 = by)?
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Definition 3 (Chakraborty, Yeh 2007; Chakraborty, Yeh 2009; Celen 2014): Vector

normalization: In this procedure, each rating of the decision matrix is divided by its

norm. The normalized value r;; is obtained by

rij = (xij)/ lezj

Where x;; is the performance rating of the i-th alternative for the attributeC;. This

procedure has the advantage of converting all attributes into dimensionless

measurement unit, thus making inter-attribute comparison easier.

9.2 Empirical Example: (Part II — Final Ranking)

As mentioned in the classification model in chapter 3, the final alternatives ranking

process is to sort the relative distance of the alternative solutions to the ideal solution.

We used the result obtained from the empirical example part I in Section 8.2 to continue

and calculate the final ranking by applying the following steps (Yousif, Shaout, 2016/c):

1.

Obtain the decision matrix between bottom criteria and universities/academic staff
(alternatives).

Obtain the normalized decision matrix R, using the relationship defined in definition
3 in section 9.1. The idea behind this logic is to get fraction number between 0 & 1.
Compute and obtain the weighted decision matrix using the bottom criteria weight
as shown in table 9.1 for universities and table 9.2 for academic staff members. The
complete details of decision matrices are presented in Appendix B.

Compute the fuzzy positive & fuzzy negative ideal solutions (FPIS & FNIS) from
the weighted decision matrix (i.e. for each bottom criterion as shown in table 9.3 for

universities and table 9.4 for academic staff members.

I?P = (if,i;, i]p ) Where [P is the set of positive ideal solutions and i]p 1s the

positive ideal solution to the j" criteria at the bottom and

m= (i, i, .. i ) Where I™is the set of negative ideal solutions and ij* is the

positive ideal solution to the j" criteria at the bottom.

118



5. Compute the separation measures by obtaining the distance between

universities/academic staff’s (alternatives) solutions with the positive and negative
ideal solution using the equation defined in definition 2 in section 9.1.

Let d(itj, i]p), d(itj, ij”) Where i;; is the evaluation result of specific
university/academic staff t to the j¢" criteria at the bottom. Table 9.5 and table 9.6
show the distance result of our sample alternatives from Ideal negative & positive
solutions.

The following equations are used to obtain the distance of alternatives

(Universities/academic staff) from the PIS (i.e. ij ) &NIS (i.e. G*)
¢l =SQR (X3L.(i;; —i7)%), ' =SQR OACTES K )2) For Universities.
ij = SQR (X592, (is; — i}o )?) ,C'=SQR (Z?Zl(ilj — i )2 ) For academic Staff.

Where the ij and Cj"are the separation measure from the ideal solutions for all

alternatives j=1... 41 for bottom criteria for university or j=1...69 bottom criteria for

academic staff.

Compute the relative closeness to ideal solution for each alternative by utilizing the
equation below as shown in table 9.7 and table 9.8.

— 14
CLy = G'/ (G + ¢

Classify the alternative universities and academic staff according to the above

calculated values.

Figure 9.1 and figure 9.2 are radars with markers graphs used to display values
relative to a center point. The ideal solutions are in the center of graph (i.e.
represented by point 0) and the other points represent the distance from negative and
positive ideal solutions. The points in brown line indicate the distance from positive
ideal solution and points in the blue line indicate the distance from negative ideal
solution. For example in graph 9.1, the distances from negative ideal solutions for

these universities (Khartoum: 0.09395, Medical Sc. & Tech: .09299, and Sudan

119



university of science and technology: 0.06787) are long and located near to the outer
line of the graph. While the distance of the same universities from positive ideal
solutions in the brown line are short (0.1191, 0.01863, 0.06788) and located near to
a center point of the graph. Hence, from a quick look to points in blue line and
corresponding points in brown line to the same university, you recognize the

distance of university from both ideal solutions.

In table 9.7, there are 15 alternatives sample, which represents 10 public universities
and 5 private universities. The ranking firstly was conducted for each group separately
(i.e. public universities group & private universities group) and finally was conducted
for all universities. Figure 9.3 shows graphical representation of the relative closeness to
ideal Solution for both private and public universities.

Figure 9.4 and figure 9.5 are columns charts which used to compare values across
universities groups in order to display the final ranking results for each university’s
group (private group and public group) and overall ranking for all universities. Similarly,
column charts are provided to compare and display the relative closeness to ideal
solution and final ranking for academic staff in figure 9.6 and figure 9.7

correspondingly.

Table 9. 1: Normalized & weighted decision matrix using bottom criteria (universities)

1 2 3 4 5 6 7
T
2.8 2] s ‘: “5_: 5 z o 2 s = 2
7 5 = 2 E °= =g £ 2% =3 ] & Z
L = = < = =
=2 0 > & f] G = E & z L % S S &
O = o - — = T = = 0 @ - o
= b1 ] 3 s > Lz £ T2
ZU ) = [ (zg T = = = 2 23 52
=] z = O °= ) & E~ 5 S 5 A S
=~ S E 52| ¢ ° = 5 =
=)

(0.0102, | (0.0102, | (0.0238, | (0.0102, | (0.0102, | (0.0102, | (0.0102,
1 UCl11 0.0481 0.0111, | 0.0111, 0.0222, 0.0111, 0.0111, 0.0111, 0.0111,
0.0117) | 0.0117) 0.021) 0.0117) 0.0117) 0.0117) 0.0117)

(0.0034, | (0.0051, | (0.0051, | (0.0051, | (0.0034, | (0.0034, | (0.0034,
2 | uci2 | 0019684 | 0.0028, | 0.0057, | 0.0057, | 0.0057, | 0.0028, | 0.0028, | 0.0028,
0.0024) | 0.0061) | 0.0061) | 0.0061) | 0.0024) | 0.0024) | 0.0024)

(0.0011, | (0.0011, | (0.004, | (0.0011, | (0.0011, | (0.0011, | (0.0011,
3 | UCI3 | 0.006956 0.001, | 0001, | 0.0041, | 0.001, 0.001, 0.001, 0.001,
0.001) | 0.001) | 0.0043) | 0.001) | 0.001) | 0.001) 0.001)

(0.0042, | (0.0104, | (0.0104, | (0.0042, | (0.0042, | (0.0042, | (0.0042,
41 | UC92 | 0.028998 | 0.0045, | 0.009, | 0.009, | 0.0045 | 0.0045, | 0.0045, | 0.0045,
0.0051) | 0.0076) | 0.0076) | 0.0051) | 0.0051) | 0.0051) | 0.0051)
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o

o

S8

w

=

w

g z E E z «
£ z 5 % z g . = 5
<& z z g = E & 7 - s 2 z 2z
£ s ! = 5 Zs 5 2t T = 5 5 &
=5 S £ s g3 £ S 23 E g3
S z z 3 28 z =3 7 ZE 2E
£ T e 2 E £ E z
= ~ S < 5
(0.0068, | (0.0102, | (0.0238, | (0.0068, | (0.0102, | (0.0102, | (0.0068, | (0.0102,
1| uctt | 00481 0.0056, | 00111, | 00222, | 00056, | 0.0111, | 00111, | 0.0056, | 0.0111,
0.0047) | 0.0117) | 0.021) | 0.0047) | 0.0117) | 0.0117) | 0.0047) | 0.0117)
(0.0034, | (0.0034, | (0.0119, | (0.0034, | (0.0051, | (0.0051, | (0.0034, | (0.0051,
2 | UCi2 | 0019684 | 00028, | 0.0028, | 00114, | 0.0028, | 0.0057, | 0.0057, | 0.0028, | 0.0057,
0.0024) | 0.0024) | 0.0109) | 0.0024) | 0.0061) | 0.0061) | 0.0024) | 0.0061)
(0.0011, | (0.0011, | (0.004, | (0.0011, | (0.0011, | (0.0011, | (0.0011, | (0.0011,
3 | UCI3 | 0006956 | 0001, | 0001, | 00041, | 0001, | 0001, | 0001, | 0001, | 0.001,
0.001) | 0.001) | 0.0043) | 0.001) | 0.001) [ 0001) | 0.001) | 0.001)
(0.0042, | (0.0042, | (0.0104, | (0.0042, | (0.0042, | (0.0156, | (0.0023, | (0.0104,
41 | UC92 | 0028998 | 0.0045, | 0.0045, | 0.009, | 0.0045 | 0.0045, | 00181, | 0.0023, | 0.009,
0.0051) | 0.0051) | 0.0076) | 0.0051) | 0.0051) | 0.0191) | 0.0022) | 0.0076)
Table 9. 2 Normalized & weighted decision matrix using bottom criteria (Staff)
1 2 3 4 5
Academic | Academic | Academic | Academic | Academic
Criteria | Weight Staff Staff Staff Staff Staff
Member 1 | Member 2 | Member 3 | Member 4 | Member 5
| ACH 00765 | (0:0765,0.0765, | (0.1147,0.153, | (0.0765,0.0765, | (0.0306,0.0383, | (0.0765,0.0765,
: 0.0765) 0.1913) 0.0765) 0.0513) 0.0765)
5 ACL 01017 | (00374,0.0431, | (0.0872,00862, | (0.0249,0.0216, | (0.0249,0.0216, | (0.01,0.0108,
: 0.0473) 0.0851) 0.0189) 0.0189) 0.0127)
3 ACL3 00261 | (0:0055,0.0055, | (0.0206,0.0221, | (0.003,0.0028, | (0.0055,0.0055, | (0.0137,00111,
: 0.0061) 0.0227) 0.0026) 0.0061) 0.0091)
(0.0011,0.0012, | (0.0026,0.0025, | (0.0011,0.0012, | (0.0007,0.0006, | (0.0011,0.0012,
69 ACedll | 0.003306 0.0013) 0.0024) 0.0013) 0.0005) 0.0013)
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Table 9. 3 Positive & Negative ideal solutions for universities

Criteria NegaFive Ideal Posit_ive Ideal Criteria NegaFive Ideal Posit.ive Ideal
Solution (NIS) Solution (PIS) Solution (NIS) Solution (PIS)
UCl1 (0'0%6.362'7(;056’ (0'023%201')0 222, uUCs3 0,0,0) (0,0,0)
uci2 (0.0%3.3634(;028’ (001018,189(;1 14, uce1 (0.003.30,0(2)0046, (0.08%0()9.8)()91,
Uc13 (0.0%1.56%001, (0.03%0(225)41, uce2 (0.08%0(;.2;)42, (0.0%7.8625.;(;083’
UcCl4 (0.003%0()3.;)033, (0.0102.3,1 2).7(;132, UCe3 (0.0(()).30%406.)004, (0.0%?862.9(;079,
e T R K
veat | % | oo | Uess | COooersy | ooesn
uc22 (0.005%0()2.)()022, (0.0%3.86‘(‘).9(;044, UCss (0.0%3?3628(;041, (0.0%?36;).1(;082,
ez | Coozoms | @oomomn | yoq | @0 o [ omomoos
UC24 (0.0%2.363.1(;025, (0.0%4.13622(;049, UCes (0.0%1;(,)?.9(;017, (0.008%0()7.;)069,
s | Cozomn [ @onmons o | @oooman [ ome oo
ves | 0500 [ ooorsy | ven | gy | Doy
vear | %y | oo | e | Cogerny | ooney
UC31 (0.0065, 0.0049, (0.0097, 0.0099, UCT3 (0.0027, 0.0031, | (0.0067, 0.0062,
0.004) 0.0099) 0.0036) 0.0053)
Uc32 (0.0%5.56%8046, (o.o%§8685(;o92, UCT4 (0.0%9868é(;007, (0.0%2.(3)6%(;026,
Uc33 (0.0%5.3(,) ;)5(;042, (0.0%7.3(,) 2(g).7(;084, ucTs (0.0% lé(,) ?3(;0 12, (0.003‘%0(?5.;)047 ,
UC34 (0.08760(23)()57, (0.0l()(?(é)l,lgi(;lls, ucTs (0.0%18(,)5);;016, (0.0%5.362.9(;065,
UC41 (0'0%73655(3081’ (0'01()?3125(;161’ UC81 (0,0,0) (0,0,0)
UcC42 (O'Oz(fgégé(;308’ (0.06()§83§)53616, UC82 (0,0,0) (0,0, 0)
UC43 (0.0(()fg(,);)(.)(;OM, (0.0(()fg(,)%(;%& UC91 (0.0%26(,)%002, (0.0104.1(3)i (6)8(;1 62,
Ucs1 (001058(,)84(;1 17, (0.02()%3226(3235, UC92 (0.0%28(’)3;;023’ (0.0105.81(()).1(;181,
Ucs2 (0.0029, 0.0022, (0.0043, 0.0043,

0.0017)

0.0044)
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Table 9. 4: Positive & Negative ideal solutions for Academic staff

Criteria Negative? Ideal Positive_ldeal Criteria Negative? Ideal Positivelldeal

Solution Solution Solution Solution
ACI1 (0,036(.)8;?5(;383, (0.%?9’103')153, AC541 (0.0%(')36(()).5(;005, (0.0%(?8(,)85(;005,
o | OO o @0z own |y | OW L0 | @00 0105
acis | g | o | Ao | Miien | Pooony
scra | CTmesn |00 0005 |y | OOt | @0 005
AC15 (0,0%3.(3)625(;032, (0.05013;%(;518, AC611 (0.0%%36(())2%(;009, (0.0(())%0(;.2)()38,
AC21 (0.0107.(3),1‘(‘).2(;156, (0.06()98,65).7(;624, AC612 (0.003.70,0(;.)0019, (0.0%4.1362).6(;038,
AC23 (0.0(()).7060,607.)007, (0.03.2()2,7()6.;)56, AC614 (0,0%1.36?3(;015, (0.008%0%;)061,
aca | O80T | ooy | Aot | oies | oosy
cas | OWEI055 [ @0g 01056 | | OB LT | @0kas o
cas | O g00. [0 o | sy | 0L @0 o
aca | O | P oonas | e | e | ooz
s | s [0 oo | ycos | O0s00m | @00 ot
AC33 (0.0%2?36(6)4(;073, (0.02330,2(;.)0292, AC626 (0.0(2)2.3(,);).2(;022, (0'00()%36(2)2(;022’
acw | O | Poosy | et | g | ooy
AC41 (0.0%93685(;003, (0.0%(.)36(())5(;003, AC628 (0.08%0(;.;)02, (0.08%0(;.;)02,
ACA2 (0.0(;%1(31.)()14, (0.05.40,1(2;)14, AC631 (0,0%(.)5(,)(()).1(;001, (0.0%(?5(,)8.1(;001,
aces | 000w | Pooiey | Ac2 | ooty | “ooory
ACA44 (0.0zollg,l;)i(;lw, (0.0302.83(7)2.;(;359, AC633 (0.0%(,)368'6(3005’ (0.00(;.20,001.;)011,
oy | ORS00 [ GO0 0300 |4 | OWE0R | @00 o012
acsiz | C000n | oo | e | s | aossy
acors | OBOS o0 [ GOUE 0008 |5 | OMZ 0007 | @0 o0
e e e
acers | 000 0350, | 00000, | s py | OOmwL 00, | GotiE 01
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s | A | acon | P | 0
AC521 0,0,0) 0,0,0) AC643 (0'0%?368-2(;002’ (0'0%?5682';(;008’
v [P | O | e | o |
S R e e
ACS24 (0.0%9368.6(;006, (0'0%1.56?'1(;012’ 646 (0.0%93684(;005, (0'003%0%;)021’
e e el
ACS26 (0'0%98685(;006’ (0'0%2.3682(;023’ e (0.08%%101,)001, (0'0%1.36(1)§3019’
acs27 | 0000 | ooors | A | “oson | oo
o [T O | | T |
3 [P0 i e | Ol O
s | O |

Table 9. 5: Distance from FNIS and FPIS for universities (separation measures)

Distance from Distance from

SN Alternatives (Universities) Negative Ideal Positive Ideal
Solution Solution
1 University of Gadarif 0.01762 0.09248
2 University of al-Jazirah 0.03975 0.08474
3 Sudan University of Sc. & Tech 0.06787 0.06788
4 Omdurman Islamic University 0.01908 0.09221
5 Blue Nile University 0.01463 0.09340
6 University of Dongola 0.01463 0.09340
7 Kordofan University 0.01474 0.09338
8 Al Fashir University 0.01355 0.09417
9 Red Sea University 0.01537 0.09288
10 | University of Khartoum 0.09395 0.01197
11 University of Sc. and Tech. 0.01639 0.09343
12 | Ahfad University for Women 0.01842 0.09216
13 | University of Medical Sc. & Tech. 0.09299 0.01863
14 | Omdurman Ahlia University 0.00560 0.09546
15 | National Ribat University 0.05293 0.07915
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Univ. of Gadarif

0.1
Naional Rba Univ. 00s24 Univ, of a-Jazirah

Omdurman Ahlia Univ. Sudan Univ. of Sc. & Tech

Univ. of Medical 5c. & Tech. Omdurman Islamic Univ.

008288

001463

Ahfad Univ. for Women BueNileUniv.

001463

0.0s34

Univ. of Sc. and Tech. . ...... Univ. of Dongola

Kordofan Univ.

......

Red SeaUniv. 00s228 AlFashr Univ.

== Distance from Negaive Ideal Solution =~ Distance from Positive ideal Solution

Figure 9. 1: Chart shows the distance of universities from NIS and PIS

Table 9. 6: Distance from FNIS and FPIS for Academic staff (separation measures)

Distance from Distance from

SN Alternatives (Universities) Negative Ideal Positive Ideal
Solution Solution

1 Academic staff member 1 0.054626463 0.149494517
2 Academic staff member 2 0.187562834 0.000796357
3 Academic staff member 3 0.041233367 0.158978264
4 Academic staff member 4 0.01177982 0.183251488
5 Academic staff member 5 0.045212377 0.161128674
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—+— Distance from Negative Ideal Solution —B—Distance from Positive |deal Solution

Academic staff member 1
0.2

0718 4
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o,.;a"T
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008 4 0.187582834
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Figure 9. 2: Chart shows the distance of Academic Staff from NIS and PIS

Table 9. 7: The final ranking results for private, public, and all universities

. ReB(e Group General
SN. Alternatives 'Closeness to Ranking Ranking
ideal Solution
1 University of Gadarif 0.16007 5 8
2 University of al-Jazirah 0.31930 3 5
3 Sudan University of Sc. & Tech 0.49996 2 3
4 Omdurman Islamic University 0.17142 4 6
5 | Blue Nile University 0.13544 %; 8 12
6 University of Dongola 0.13544 « 9 13
7 Kordofan University 0.13633 7 11
8 Al Fashir University 0.12577 10 14
9 Red Sea University 0.14201 6 10
10 | University of Khartoum 0.88696 1 1
11 | University of Sc. and Tech. 0.14921 4 9
12 | Ahfad University for Women 0.16659 ° 3 7
13 University of Medical Sc. & Tech. 0.83311 g 1 2
14 | Omdurman Ahlia University 0.05545 . 5 15
15 | National Ribat University 0.40074 2 4
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Figure 9. 4 Graph for final ranking results for each universities group (private & public)
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Figure 9. 5 Graph of final ranking results for all universities (private & public)

Table 9. 8: The final ranking results for Academic staff

SN.

Alternatives

Relative
Closeness to
ideal Solution

Ranking

Academic staff member 1

0.267618072

Academic staff member 2

0.995772137

Academic staff member 3

0.205948908

Academic staff member 4

0.060399638

Academic staff member 5

0.219114794
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9.3 Summary

This chapter provided the final ranking process for universities and academic staff based
on criteria weights which were calculated in the chapter 8. An empirical example was
provided where comparison matrix was designed between alternatives and bottom
criteria, positive and negative ideal solutions were obtained and separation measures
and relative closeness to ideal solution were calculated. Many charts were presented
such as distance from NIS & PIS, final ranking result for private/public/all universities

and relative closeness to ideal solution.
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CHAPTER X

10. MODEL TESTING, DISCUSSION & CONCLUSION

10.1 Model Testing

Currently, there is no official/unofficial organization concerned with universities
classifications based on specific agreed criteria in Sudan. But, the General
Administration for Admissions, Degree Evaluations & Verification (GAADEV)
calculates and publishes every year the minimum admission rates of collages for all
Sudanese universities based on the number of applicants and number of available seats
in specific year. Differences in these rates for the same college in different universities
may give idea about universities classification. As an example, you may find huge
different in the minimum rate of admission for the medicine colleges between Khartoum

university and to medicine college in Blue Nile university.

We compared our model result with result of admission rates published by (GAADEYV)
for the previous two years (2014/2015 & 2015/2016). We considered the results of 10
public universities for the following colleges: Medicine, Economics, Engineering,
Education and Computer Science. Then, the overall average was calculated to rank
these universities. The comparison output of those 10 universities is satisfactory and

acceptable as shown in table 10.1.

As comparison result, the 1% seven public universities (Khartoum university, Sudan
University of Science & Technology, University of Al-Jazirah, Omdurman Islamic University,
University of Gadarif, Red Sea University, and Kordofan University) occupy the same
ranking positions as GAADEV admission rates for both academic years (2014/2015 and
2015/2016) while small difference in the positions of the other three remaining
universities (University of Dongle, Blue Nile University and Al Fashir University) as shown
in Comparison Test part in table 10.1. A graphical view of comparison between the
model ranking result and 2014/2015 & 2015/2016 admission ranking results is shown in
figure 10.1. The blue line represents the model result while the brown and grey lines

represent the admission results for 2014/2015 and 2015/2016 correspondingly.
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The admission rates reported by the GAADEYV is just an indicator and not real
classifications process because it is not based on known criteria. It depends only on the
applicants’ interest. Hence our classification model which is based on agreed criteria
and proved computational theory is more accurate and efficient in estimating the

performance evaluation and classification.
Definition

Defl: Admission Requirement is the minimum requirement for admission, which is

function of Applicants’ interest (Al) and Seats availability (SA), AR=f(AI, SA).

Def2: Ranking Weight is final weight for an alternative based on alterative evaluation

(AV) and criteria weight ( C), thatis RW =AV x C

Def3: Alternative evaluation is the weight which given to the an alternative based on the

criteria weigh
Theorem 10.1:

In Admission Requirement Classification, the admission requirement (AR) is directly
proportional with applicants’ interest (Al) and inversely proportional with seats
availability (SA). While in Criteria Base Classification, the ranking weight (RW) is
directly propositional with alternative evaluation (AV) value based on specific criteria

weight (C).

Proof: Based on the definition AR increases if SA is fixed and Al is high and AR
deceases if SA is fixed and Al is low. Also based on the definition of RW, it does

increase if AV is high
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Table 10

. 1: Comparison Result (2014/2015 vs 2015/2016 vs Proposed Model)

% % %
1. Rate Rank 28 Rate Rank 3. Rate Rank
Medicine (2014/2015) Education (2014/2015) | Computer Sc. (2014/2015)
(2015/2016) (2015/2016) (2015/2016)
University of 92.9 University of 82.4 University of 86.3
Khartoum 92.4 Khartoum 82.7 Khartoum 86.4
University of 92.4 2 Sudan Univ. 81.6 2 Sudan Univ. 85.0 2
al-Jazirah 92.0 2 of Sc. Tech. 81.0 2 of Sc. Tech. 85.0 2
Omdurman 90.4 3 University of 78.3 3 University of 79.7 3
Islamic Univ. 90.3 3 al-Jazirah 76.4 3 al-Jazirah 80.3 3
University of 89.7 4 University of 71.4 4 Omdurman 76.0 4
Gadarif 89.7 4 Gadarif 71.4 4 Islamic Univ. 76.3 4
Kordofan 89.4 5 Omdurman 70.4 5 University of 73.4 5
University 89.3 6 Islamic Univ. 71.4 4 Gadarif 73.7 6
Red Sea 89.4 5 Kordofan 70.3 6 Red Sea 72.4 6
University 89.4 5 University 70.6 6 University 75.4 5
University of 89.0 7 Al Fashir 70.1 7 Kordofan 71.1 7
Dongola 89.1 7 University 70.0 7 University 71.7 7
Blue Nile 87.6 8 University of 69.4 8 University of 65.0 8
University 88.6 8 Dongola 68.1 9 Dongola 64.0 8
Al Fashir 87.4 9 Blue Nile 67.9 9
University 88.3 9 University 67.3 10
Red Sea
University 68.3 .
% | Rank % | Rank Comparison Test
4. Rate 5, Rate Admission Ranking Vs. Model Result
Economics | oo14n2015) | Engineering | - o1apo1s) | | 2014(5015 Model
(2015/2016) (2015/2016) 2015/2016 Result
Univ. of 86.3 1 University of 93.1 1 University of 1 1 1
Khartoum 86.3 1 Khartoum 91.9 1 Khartoum
Sudan Univ. 86.0 2 Sudan Univ. of 89.1 2 Sudan Univ. 2 ) 2
of Sc. Tech. 85.4 2 Sc. Tech. 86.9 2 of Sc. &Tech
University of ~ 83.4 3 University of al-  85.1 3 University of 3 3 3
al-Jazirah 80.9 3 Jazirah 83.6 3 al-Jazirah
Omdurman 79.1 4 Omdurman 83.0 4 Omdurman 4 4 4
Islamic 76.0 4 Islamic 80.6 4 Islamic Univ.
University of 757 5 Red Sea 81.6 5 University of 5 5 5
Gadarif 74.4 5 University 80.6 4 Gadarif
Kordofan 74.0 6 Kordofan 79.7 6 Red Sea 6 6 6
University 73.1 8 University 77.4 6 University
Blue Nile 73.9 7 Blue Nile 78.6 7 Kordofan 7 7 7
University 73.9 6 University 75.7 7 University
University of  69.9 8 Blue Nile 9 8 8
Dongola 69.3 10 Univ.
Al Fashir Univ. of
70.9 9
University Dongola 7 10 9
Re.d Seg 73.9 6 Al Fashlr 10 9 10
University Univ.
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Figure 10. 1 Comparison graphical view (2014/2015 vs 2015/2016 vs Proposed Model)

Currently there is no completed model dedicated for ranking Sudanese universities
based on the performance evaluation. Therefore, we compare the complexity of our
proposed model and the existing current model (Admission rates model: by GAADEV)
used with respect to purpose, evaluation criteria used, consistency, cost and efficiency
as shown in the table.

Table 10. 2: Exiting current model (GAADEYV) vs the proposed Model

S . o Admission classification
R Comparison Criteria rates (by GAADEV) Proposed Model
1 | Objective/Purpose It is used for admission | It is mainly designed

selection purpose only. | to measure the
performance of the
Sudanese universities
and academic staff
using fuzzy logic

2 | Evaluation Criteria There are no Set of tested and
performance evaluation | evaluated

criteria. The admission | performance criteria

rates are based on the with specific

total number of weightage are defined
available seats and and used by the
related applicants’ proposed model.
requests.
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3 | Consistency/dependability

It depends on the
applicants/students
requests. Admission
rates may change due to
change in applicants’
requests or/and available
seats.

It depends on agreed
criteria and actual
information about the
institutes gathered
and evaluated by
experts

4 | Cost

Since the classification
rates don’t depend on
specific agreed
performance criteria,
hence the outcome is not
cost-effective
irrespective of the
located cost

The cost depends on
the model
implementation
approach (i.e. number
of evaluators/experts
that will be selected
to evaluate the
criteria and institutes,
implementation tool,
etc.).

Generally, the model
output could be cost
effective.

5 | Efficiency & Accuracy

It is designed to
determine the minimum
admission rate
according to available
seats and number of
request. Hence it is not
efficient and accurate
for measuring and
ranking universities
based on performance.

It is more accurate
and efficient in
reflecting the actual
universities
performance. It is
based on specific
performance criteria.

10.2 Discussion, Recommendation & Conclusion

Pairwise comparisons judgments process for criteria is corner-stone of the performance
evaluation process. Therefore, experts/population’ definition and selection are critical
for the final ranking result. Administrative and management as well as academic
experience are required in expert’s profile to accurately evaluate the degree of
importance among those academic and administrative criteria. Evaluation of criteria

may vary from one country to another depending on the regulations, culture, financial

capabilities, etc.

We observed there are huge differences between bottom criteria as shown in figure 10.2
& figure 10.3. Some of these criteria are so critical to overall ranking process due to

their high weightage comparing with others criteria such as Faculty Members criterion
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in universities evaluation (UC42: 0.159929) and Quality of Research in academic staff
evaluation (AC12: 0.1017) while others have zero or small weightages such as
Graduates criterion (UC53: zero), Management of Community Service criterion (UC81:
zero), Community Service Programs criterion (UCS82: zero), and External/Foreign
Relations (UC26: 0.0033828) for universities evaluation, and Students Motivation
criterion (AC521: zero), and Classroom Environment criterion (AC631: 0.0001995) for

academic staff evaluation.

Similarly, figure 10.3 compares the most and least weightages within the main criteria:
Human Resource criterion (UC4: 0.217) and Community service criterion (UC8: zero)
for university evaluation and similarly Teaching quality criterion (AC2: 0.369) and

Student Feedback (AC5: 0.031) for academic staff evaluation.

Khartoum University has longest distance from negative ideal solution (0.9395) and
shortest distance from negative ideal solution (0.01197) while Omdurman Alhalia
University has shortest distance from negative ideal solution (0.00564) and longest
distance from positive ideal solution (0.9546). Figure 9.1 shows the distance of
alternatives (universities) from negative & positive ideal solutions. The green points in
brown line represent the distance from positive ideal solution (center) while the red

points in the blue line represent the distance from negative ideal solution (center).

If-Scenario

The final ranking process depends on two main factors, the weight of the bottom criteria
which are derived from the main & sub-criteria and alternatives’ evaluation factor. In
this study, detail analysis through If-Scenario tool is designed to analyze the result
based on emphasizing on some criteria. As example for If-scenarios, the weight of
‘Institutional Frame Work’ criterion was swapped with ‘Human Resources’ criterion,
which automatically affect on bottom criteria weight, alternatives distances from
negative & positive ideal solutions and final ranking result. The detail scenarios analysis

and steps are presented in Appendix C.
One of the challenges faced was the consistency of criteria pairwise comparison for

both university and academic staff. Although online survey may not be the best choice

for our appraisers in this study, but it will be very helpful in minimizing the number of
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inconsistent result by embedding a warning and information instructions during

pairwise comparisons process.

There are departments of Quality & Assurance in Sudanese public universities, which
were initiated recently by Ministry of higher Education and Scientific Research. In spite
of the current status of these departments, but it holds a promising idea to host and

provide info for these kinds of researches.

Main Criteria Weight for Universities
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Figure 10. 2: Charts compare the main criteria weight for universities & academic staff

The challenges and benefits of implementing the proposed evaluation model requires
collaborated administrative efforts from both institutes and ministry of higher education

in Sudan, we recommend the following:

- Paying attention to periodic performance evaluation process of higher education
institutes and faculty members and associate the result with incentives and

promotions
- Involve all related parties in evaluation process including the academic staff

member such as the dean, department head, students, peers and appraisee (360

degree)
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- Periodic reassessment for performance criteria weights by specialized experts
according to the ministry of higher education plans and related institution
objectives using the proposed Evaluation Model.

- Awareness of the evaluation criteria and evaluation process for both appraisers

and appraises.

The research provided in this dissertation emphasized the need and worth for
performance evaluation system of Sudanese universities and academic staff using fuzzy
logic. The focus was on designing and realizing a model which can determine and
evaluate suitable criteria, get consistent experts responses, and compute performance

evaluation.

In this dissertation, we presented the suitable quantitative and qualitative criteria for
performance evaluation of Sudanese universities and academic staff. Two types of
survey were conducted pairwise comparison survey to evaluate the criteria and
evaluation survey forms to evaluate the universities & academic staff. Consistency
checking was performed for every expert participated in the pairwise comparison. New
consistency algorithm is introduced. Two combined techniques were used to build the
evaluation model: Fuzzy analytic hierarchy process is utilized to provide the criteria
weighted and Fuzzy Technique for Order of Preference by Similarity to Ideal Solution
is utilized to compute the final ranking. Comparison was conducted to test the proposed
model result with the previous ranking. The previous ranking was derived from

Sudanese admission result for years 2014/2015 & 2015/2016 (GAADEYV result).

10.3 Future Work

This dissertation opens up an area of opportunities where the future researchers can
deliver more powerful, user friendly software that can analyze all the possible
performance factors for universities, academic staff or any others kind of alternatives
using the proposed model and include these design components:

- Setting parameters.

- Criteria Evaluation Process (Pairwise comparison),

- Alternatives Evaluation Process,

- Ranking Process.

- Analyzing Component (if-scenarios)
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APPENDICES

Appendix A: Membership Function Plots

This appendix presents some of the membership function plots for example (Partl)

calculation as explained in step 3 in section 8.
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Appendix B: Decision Matrices Between the Bottom Criteria and Alternatives

This appendix presents the complete details of normalized and weighted decision

matrices using bottom criteria for universities and academic staff as explained in section

9.2.

Table B-1: Normalized & weighted decision matrix using bottom criteria (universities)

1 2 3 4 5 6 7

T
E}S @»n 3 ‘: “5; c== z v B K = 2z
== = e S = ] o B 2z . =
£ 2 = = < g =3 @ =3 = '?
=38 =) 7 & fol S G = = E & z L 7 S S &
D o= - - = T = = @ o j 4 = o
> > 5 @ N = O < S > L > o £ = =
L} > = - > T 7= = = > o -
= O =z Z 0 R ©n .z g2 = = E Z A g E
=~ 5 = 5@ S = S) = S

=)

(0.0102, | (0.0102, | (0.0238, | (0.0102, | (0.0102, | (0.0102, | (0.0102,
1 UCl1 0.0481 0.0111, | 0.0111, 0.0222, 0.0111, 0.0111, 0.0111, 0.0111,
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0.0035) | 0.0087) | 0.0087) | 0.0087) | 0.0035) | 0.0035) | 0.0035)
(0.007, | (0.0104, | (0.0104, | (0.007, | (0.007, | (0.007, | (0.007,
16 | UC34 | 0.032984 | 0.0057, | 00115, | 0.0115, | 0.0057, | 0.0057, | 0.0057, | 0.0057,
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20 | UCs1 0.08862 0.0235, | 0.0235, | 0.0235, | 0.0235, | 0.0235 | 00235 | 0.0235,
0.0236) | 0.0236) | 0.0236) | 0.0236) | 0.0236) | 0.0236) | 0.0236)
(0.0043, | (0.0043, | (0.0043, | (0.0043, | (0.0043, | (0.0043, | (0.0043,
21 | UCS2 | 0.01638 0.0043, | 0.0043, | 0.0043, | 0.0043, | 0.0043, | 0.0043, | 0.0043,
0.0044) | 0.0044) | 0.0044) | 0.0044) | 0.0044) | 0.0044) | 0.0044)
22 | UCS3 0 (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0)
(0.0053, | (0.008, | (0.008, | (0.0053, | (0.0053, | (0.0053, | (0.0053,
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0.004) | 0.0099) | 0.0099) | 0.04) | 0.004) | 0.004) 0.004)
(0.005, | (0.0076, | (0.0076, | (0.0076, | (0.005, | (0.005, | (0.005,
24 | UC62 | 0.023895 | 0.0042, | 0.0083, | 0.0083, | 0.0083, | 0.0042, | 0.0042, | 0.0042,
0.0035) | 0.0088) | 0.0088) | 0.0088) | 0.0035) | 0.0035) | 0.0035)
(0.0034, | (0.0086, | (0.0086, | (0.0034, | (0.0034, | (0.0034, | (0.0034,
25 | UC63 | 0.020532 0.004, | 0.0079, | 0.0079, | 0.004, 0.004, 0.004, 0.004,
0.0046) | 0.0069) | 0.0069) | 0.0046) | 0.0046) | 0.0046) | 0.0046)
(0.0067, | (0.0067, | (0.0067, | (0.0067, | (0.0067, | (0.0067, | (0.0067,
26 | UC64 | 0.025311 | 0.0067, | 0.0067, | 0.0067, | 0.0067, | 0.0067, | 0.0067, | 0.0067,
0.0067) | 0.0067) | 0.0067) | 0.0067) | 0.0067) | 0.0067) | 0.0067)
(0.0035, | (0.0035, | (0.0035, | (0.0035, | (0.0023, | (0.0023, | (0.0035,
27 | UC6S | 0.012213 | 0.0036, | 0.0036, | 0.0036, | 0.0036, | 0.0018, | 0.0018, | 0.0036,
0.0037) | 0.0037) | 0.0037) | 0.0037) | 0.0015) | 0.0015) | 0.0037)
(0.0035, | (0.0088, | (0.0088, | (0.0035, | (0.0035, | (0.0035, | (0.0035,
28 | UC66 | 0.02124 0.0041, | 0.0082, | 0.0082, | 0.0041, | 0.0041, | 0.0041, | 0.0041,
0.0048) | 0.0071) | 0.0071) | 0.0048) | 0.0048) | 0.0048) | 0.0048)
(0.0063, | (0.0063, | (0.0095, | (0.0063, | (0.0025, | (0.0025, | (0.0025,
29 | UC6T |  0.02478 0.0054, | 0.0054, | 0.0108, | 0.0054, | 0.0027, | 0.0027, | 0.0027,
0.0046) | 0.0046) | 0.0116) | 0.0046) | 0.0031) | 0.0031) | 0.0031)
(0.0017, | (0.0043, | (0.0065, | (0.0017, | (0.0017, | (0.0017, | (0.0017,
30 | UC6S | 0013983 | 0.0017, | 0.0034, | 0.0069, | 0.0017, | 0.0017, | 0.0017, | 0.0017,
0.0019) | 0.0028) | 0.007) | 0.0019) | 0.0019) | 0.0019) | 0.0019)
(0.0025, | (0.0038, | (0.0038, | (0.0025, | (0.0025, | (0.0025, | (0.0025,
31 | UC6Y | 0011328 | 0.0022, | 0.0044, | 0.0044, | 0.0022, | 00022, | 0.0022, | 0.0022,
0.0019) | 0.0047) | 0.0047) | 0.0019) | 0.0019) | 0.0019) | 0.0019)
(0.0017, | (0.0026, | (0.0026, | (0.0017, | (0.0017, | (0.0017, | (0.0017,
32 | UCTL | 0.007665 | 0.0015, | 0.003, | 0.003, | 0.0015, | 0.0015, | 0.0015, | 0.0015,
0.0013) | 0.0032) | 0.0032) | 0.0013) | 0.0013) | 0.0013) | 0.0013)
(0.0029, | (0.0072, | (0.0072, | (0.0029, | (0.0016, | (0.0016, | (0.0016,
33 | UC72 | 0016352 | 0.0034, | 0.0068, | 0.0068, | 0.0034, | 0.0017, | 0.0017, | 0.0017,
0.0041) | 0.0061) | 0.0061) | 0.0041) | 0.0018) | 0.0018) | 0.0018)
(0.0027, | (0.0067, | (0.0067, | (0.0027, | (0.0027, | (0.0027, | (0.0027,
34 | UCT3 | 0015987 | 0.0031, | 0.0062, | 0.0062, | 0.0031, | 00031, | 0.0031, | 0.0031,
0.0036) | 0.0053) | 0.0053) | 0.0036) | 0.0036) | 0.0036) | 0.0036)
(0.0015, | (0.0023, | (0.0023, | (0.0015, | (0.0015, | (0.0015, | (0.0015,
35 | UC74 | 0006716 | 0.0013, | 0.0026, | 0.0026, | 0.0013, | 0.0013, | 0.0013, | 0.0013,
0.0011) | 0.0028) | 0.0028) | 0.0011) | 0.0011) | 0.0011) | 0.0011)
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(0.0027, | (0.0041, | (0.0041, | (0.0011, | (0.0027, | (0.0027, | (0.0027,
36 | UC75 | 0011753 | 0.0023, | 0.0047, | 0.0047, | 00012, | 0.0023, | 0.0023, | 0.0023,
0.002) | 0.005) | 0005 | 0.0013) | 0002 | 0002) | 0.002)
(0.0038, | (0.0057, | (0.0038, | (0.0038, | (0.0015, | (0.0015, | (0.0015,
37 | UC76 | 0.0146 0.0032, | 0.0065, | 0.0032, | 00032, | 0.0016, | 0.0016, | 0.0016,
0.0028) | 0.0069) | 0.0028) | 0.0028) | 0.0018) | 0.0018) | 0.0018)
38 | UCsl 0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0)
39 | UC82 0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0)
(0.0038, | (0.0095, | (0.0095, | (0.0038, | (0.0038, | (0.0038, | (0.0038,
40 | UCO1 | 0025002 | 0.004, | 0.0081, | 0.0081, | 0004, | 0.004, | 0004, | 0.004,
0.0045) | 0.0067) | 0.0067) | 0.0045) | 0.0045) | 0.0045) | 0.0045)
(0.0042, | (0.0104, | (0.0104, | (0.0042, | (0.0042, | (0.0042, | (0.0042,
41 | UC92 | 0028998 | 0.0045, | 0.009, | 0009, | 0.0045, | 00045, | 00045, | 0.0045,
0.0051) | 0.0076) | 0.0076) | 0.0051) | 0.0051) | 0.0051) | 0.0051)
8 9 10 11 12 13 14 15
g z T s E .
g I 5 . z H 4 = g
.= 2 g g SE & . =g <z e
22| % 5 E | E: | 3| £E| 5| i3 | %3
S E s £ z $s ge 2 £ Ez £z
o = Z 3 £2 z = 2 RS £5
= ] = 2z & = £ z
z & 5 2 £ ©
(0.0068, | (0.0102, | (0.0238, | (0.0068, | (0.0102, | (0.0102, | (0.0068, | (0.0102,
1| uctt | 00481 0.0056, | 00111, | 00222, | 00056, | 00111, | 00111, | 0.0056, | 0.0111,
0.0047) | 0.0117) | 0.021) | 00047) | 0.0117) | 0.0117) | 0.0047) | 0.0117)
(0.0034, | (0.0034, | (0.0119, | (0.0034, | (0.0051, | (0.0051, | (0.0034, | (0.0051,
2 | UCI2 | 0019684 | 0.0028, | 00028, | 0.0114, | 00028, | 00057, | 0.0057, | 0.0028, | 0.0057,
0.0024) | 0.0024) | 0.0109) | 0.0024) | 0.0061) | 0.0061) | 0.0024) | 0.0061)
(0.0011, [ (0.0011, | (0.004, | (0.0011, | (0.0011, | (0.0011, | (0.0011, | (0.0011,
3 | UCI3 | 0006956 | 0001, | 0001, | 00041, | 0001, | 0001, | 0001, | 0001, | 0.001,
0.001) | 0001) | 0.0043) | 0001) | 0.001) | 0.001) | 0001) | 0.001)
(0.0036, | (0.0036, | (0.0127, | (0.0036, | (0.0036, | (0.0036, | (0.0036, | (0.0036,
4 | uci4 | 0022 0.0033, | 00033, | 00132, | 00033, | 00033, | 00033, | 0.0033, | 0.0033,
0.003) | 0003) | 00137) | 0003) | 0003) | 0003) | 0.003) | 0.003)
(0.0105, | (0.0105, | (0.0157, | (0.0105, | (0.0157, | (0.0157, | (0.0105, | (0.0105,
5 | UCI5 | 005106 | 00085, | 0.0085, | 0017, | 0.0085, | 0017, | 0017, | 0.0085, | 0.0085,
0.0071) | 0.0071) | 0.0177) | 0.0071) | 0.0177) | 0.0177) | 0.0071) | 0.0071)
(0.0042, | (0.0042, | (0.0098, | (0.0042, | (0.0042, | (0.0042, | (0.0042, | (0.0042,
6 | UC21 | 00206304 | 0.0045, | 00045, | 0009, | 00045 | 0.0045, | 0.0045, | 0.00450 | 0.0045,
0.0047) | 0.0047) | 0.0084) | 0.0047) | 0.0047) | 0.0047) | .0047) | 0.0047)
(0.0024, | (0.0024, | (0.0036, | (0.0024, | (0.0024, | (0.0024, | (0.0024, | (0.0024,
7 | UC22 | 0.00999746 | 0.0022, | 0.0022, | 0.0044, | 0.0022, | 00022, | 0.0022, | 0.0022, | 0.0022,
0.002) | 0002) | 0.0049) | 0002 | 0002) | 0002 | 0002) | 0.002)
(0.0033, | (0.0033, | (0.0077, | (0.0033, | (0.0033, | (0.0033, | (0.0033, | (0.0033,
8 | UC23 | 0.01606526 | 0.0035, | 0.0035, | 0007, | 0.0035, | 00035, | 0.0035, | 0.0035, | 0.0035,
0.0036) | 0.0036) | 0.0066) | 0.0036) | 0.0036) | 0.0036) | 0.0036) | 0.0036)
(0.0029, | (0.0029, | (0.0044, | (0.0029, | (0.0044, | (0.0044, | (0.0029, | (0.0029,
9 | UC24 | 00134319 | 0.0025, | 00025, | 0.0049, | 0.0025, | 0.0049, | 0.0049, | 0.0025, | 0.0025,
0.0021) | 0.0021) | 0.0052) | 00021) | 0.0052) | 0.0052) | 0.0021) | 0.0021)
(0.0033, [ (0.005, | (0.0117, | (0.0033, | (0.005,0 | (0.005, | (0.0033, | (0.005,
10 | UC25 | 0.02240361 | 0.0028, | 0.0056, | 0.0113, | 0.0028, | .0056,0. | 0.0056, | 0.0028, | 0.0056,
0.0024) | 0.0061) | 0.0109) | 0.0024) | 0061) | 0.0061) | 0.0024) | 0.0061)
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(0.0007, | (0.0007, | (0.0011, | (0.0007, | (0.0011, | (0.0011, | (0.0007, | (0.0007,
11 | UC26 | 0.00338283 | 0.0006, | 0.0006, | 0.0012, | 0.0006, | 0.0012, | 0.0012, | 0.0006, | 0.0006,
0.0005) | 0.0005) | 0.0013) | 0.0005) | 0.0013) | 0.0013) | 0.0005) | 0.0005)
(0.0022, | (0.0022, | (0.0084, | (0.0022, | (0.0022, | (0.0084, | (0.0022, | (0.0056,
12 | UC27 | 0.01608853 | 0.0023, | 0.0023, | 0.009, | 0.0023, | 0.0023, | 0009, | 00023, | 0.0045,
0.0024) | 0.0024) | 0.0091) | 0.0024) | 0.0024) | 0.0091) | 0.0024) | 0.0036)
(0.0097, | (0.0097, | (0.0097, | (0.0065, | (0.0065, | (0.0097, | (0.0097, | (0.0097,
13 | UC31 | 0.036208 | 0.0099, | 0.0099, | 0.0099, | 0.0049, | 0.0049, | 0.0099, | 0.0099, | 0.0099,
0.0099) | 0.0099) | 0.0099) | 0.004) | 0.004) | 0.0099) | 0.0099) | 0.0099)
(0.0057, | (0.0057, | (0.0086, | (0.0086, | (0.0086, | (0.0086, | (0.0057, | (0.0086,
14 | UC32 | 0.028644 | 0.0046, | 0.0046, | 0.0092, | 0.0092, | 0.0092, | 0.0092, | 0.0046, | 0.0092,
0.0038) | 0.0038) | 0.0095) | 0.0095) | 0.0095) | 0.0095) | 0.0038) | 0.0095)
(0.0052, | (0.0052, | (0.0078, | (0.0078, | (0.0078, | (0.0078, | (0.0052, | (0.0078,
15 | UC33 | 0.026164 | 0.0042, | 0.0042, | 0.0084, | 0.0084, | 0.0084, | 0.0084, | 0.0042, | 0.0084,
0.0035) | 0.0035) | 0.0087) | 0.0087) | 0.0087) | 0.0087) | 0.0035) | 0.0087)
(0.007, | (0.007, | (0.0104, | (0.0104, | (0.007,0 | (0.0104, | (0.007, | (0.0104,
16 | UC34 | 0.032984 | 0.0057, | 0.0057, | 0.0115, | 0.0115, | .0057,0. | 0.0115, | 0.0057, | 0.0115,
0.0048) | 0.0048) | 0.0121) | 0.0121) | 0048) | 0.0121) | 0.0048) | 0.0121)
(0.0074, | (0.0074, | (0.0173, | (0.0074, | (0.0074, | (0.0173, | (0.0074, | (0.0074,
17 | UC41 | 0.039494 | 0.0081, | 0.0081, | 0.0161, | 0.0081, | 0.0081, | 0.0161, | 0.0081, | 0.0081,
0.0085) | 0.0085) | 0.0153) | 0.0085) | 0.0085) | 0.0153) | 0.0085) | 0.0085)
(0.0267, | (0.0267, | (0.0666, | (0.0267, | (0.0267, | (0.0666, | (0.0267, | (0.0267,
18 | UC42 | 0.159929 | 0.0308, | 0.0308, | 0.0616, | 0.0308, | 0.0308, | 0.0616, | 0.0308, | 0.0308,
0.0358) | 0.0358) | 0.0535) | 0.0358) | 0.0358) | 0.0535) | 0.0358) | 0.0358)
(0.0039, | (0.0039, | (0.0059, | (0.0039, | (0.0039, | (0.0059, | (0.0039, | (0.0039,
19 | UC43 | 0.017577 | 0.0034, | 0.0034, | 0.0068, | 0.0034, | 0.0034, | 0.0068, | 0.0034, | 0.0034,
0.0029) | 0.0029) | 0.0073) | 0.0029) | 0.0029) | 0.0073) | 0.0029) | 0.0029)
(0.0233, | (0.0233, | (0.0233, | (0.0233, | (0.0233, | (0.0233, | (0.0155, | (0.0233,
20 | UC51 | 0.08862 0.0235, | 00235, | 00235, | 00235 | 00235, | 0.0235, | 00117, | 0.0235,
0.0236) | 0.0236) | 0.0236) | 0.0236) | 0.0236) | 0.0236) | 0.0094) | 0.0236)
(0.0043, | (0.0043, | (0.0043, | (0.0043, | (0.0043, | (0.0043, | (0.0029, | (0.0043,
21 | UCS2 | 0.01638 0.0043, | 0.0043, | 0.0043, | 0.0043, | 0.0043, | 0.0043, | 0.0022, | 0.0043,
0.0044) | 0.0044) | 0.0044) | 0.0044) | 0.0044) | 0.0044) | 0.0017) | 0.0044)
22 | UCS3 0 0,0,0) | (0,0,0) | (0,0,0) 0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0)
(0.0053, | (0.0053, | (0.008, | (0.0053, | (0.0053, | (0.008, | (0.0053, | (0.0053,
23 | UC61 | 0.023718 | 0.0046, | 0.0046, | 0.0091, | 0.0046, | 0.0046, | 0.0091, | 0.0046, | 0.0046,
0.004) | 0.004) | 0.0099) | 0.004) | 0.004) | 0.0099) | 0.004) 0.004)
(0.005, | (0.005, | (0.0076, | (0.0076, | (0.005, | (0.0076, | (0.005, | (0.005,
24 | UC62 | 0.023895 | 0.0042, | 0.0042, | 0.0083, | 0.0083, | 0.0042, | 0.0083, | 0.0042, | 0.0042,
0.0035) | 0.0035) | 0.0088) | 0.0088) | 0.0035) | 0.0088) | 0.0035) | 0.0035)
(0.0034, | (0.0034, | (0.0086, | (0.0034, | (0.0034, | (0.0086, | (0.0034, | (0.0034,
25 | UC63 | 0.020532 0.004, 0.004, | 0.0079, | 0.004, 0.004, | 0.0079, | 0.004, 0.004,
0.0046) | 0.0046) | 0.0069) | 0.0046) | 0.0046) | 0.0069) | 0.0046) | 0.0046)
(0.0067, | (0.0067, | (0.0067, | (0.0067, | (0.0067, | (0.0067, | (0.0044, | (0.0067,
26 | UC64 | 0.025311 | 0.0067, | 0.0067, | 0.0067, | 0.0067, | 0.0067, | 0.0067, | 0.0034, | 0.0067,
0.0067) | 0.0067) | 0.0067) | 0.0067) | 0.0067) | 0.0067) | 0.0027) | 0.0067)
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(0.0023, | (0.0023, | (0.0035, | (0.0035, | (0.0035, | (0.0035, | (0.0023, | (0.0035,
27 | UC65 | 0.012213 | 0.0018, | 0.0018, | 0.0036, | 0.0036, | 0.0036, | 0.0036, | 0.0018, | 0.0036,
0.0015) | 0.0015) | 0.0037) | 0.0037) | 0.0037) | 0.0037) | 0.0015) | 0.0037)
(0.0035, | (0.0035, | (0.0088, | (0.0035, | (0.0035, | (0.0088, | (0.0035, | (0.0035,
28 | UC66 | 0.02124 0.0041, | 0.0041, | 0.0082, | 0.0041, | 0.0041, | 0.0082, | 0.0041, | 0.0041,
0.0048) | 0.0048) | 0.0071) | 0.0048) | 0.0048) | 0.0071) | 0.0048) | 0.0048)
(0.0025, | (0.0063, | (0.0095, | (0.0063, | (0.0063, | (0.0095, | (0.0063, | (0.0063,
29 | UC67 |  0.02478 0.0027, | 0.0054, | 0.0108, | 0.0054, | 0.0054, | 0.0108, | 0.0054, | 0.0054,
0.0031) | 0.0046) | 0.0116) | 0.0046) | 0.0046) | 0.0116) | 0.0046) | 0.0046)
(0.0017, | (0.0017, | (0.0065, | (0.0043, | (0.0017, | (0.0065, | (0.0017, | (0.0017,
30 | UC6S | 0.013983 | 0.0017, | 0.0017, | 0.0069, | 0.0034, | 0.0017, | 0.0069, | 0.0017, | 0.0017,
0.0019) | 0.0019) | 0.007) | 0.0028) | 0.0019) | 0.007) | 0.0019) | 0.0019)
(0.0025, | (0.0025, | (0.0038, | (0.0025, | (0.0025, | (0.0038, | (0.0025, | (0.0025,
31 | UC69 | 0011328 | 0.0022, | 0.0022, | 0.0044, | 0.0022, | 0.0022, | 0.0044, | 0.0022, | 0.0022,
0.0019) | 0.0019) | 0.0047) | 0.0019) | 0.0019) | 0.0047) | 0.0019) | 0.0019)
(0.0017, | (0.0017, | (0.0026, | (0.0017, | (0.0017, | (0.0026, | (0.0017, | (0.0017,
32 | UC71 | 0.007665 | 0.0015, | 0.0015, | 0.003, | 0.0015, | 0.0015, | 0.003, | 0.0015 | 0.0015,
0.0013) | 0.0013) | 0.0032) | 0.0013) | 0.0013) | 0.0032) | 0.0013) | 0.0013)
(0.0016, | (0.0029, | (0.0072, | (0.0029, | (0.0029, | (0.0072, | (0.0016, | (0.0029,
33 | UC72 | 0016352 | 0.0017, | 0.0034, | 0.0068, | 0.0034, | 0.0034, | 0.0068, | 0.0017, | 0.0034,
0.0018) | 0.0041) | 0.0061) | 0.0041) | 0.0041) | 0.0061) | 0.0018) | 0.0041)
(0.0027, | (0.0027, | (0.0067, | (0.0027, | (0.0027, | (0.0067, | (0.0027, | (0.0027,
34 | UCT3 | 0.015987 | 0.0031, | 0.0031, | 0.0062, | 0.0031, | 0.0031, | 0.0062, | 0.0031, | 0.0031,
0.0036) | 0.0036) | 0.0053) | 0.0036) | 0.0036) | 0.0053) | 0.0036) | 0.0036)
(0.0015, | (0.0015, | (0.0023, | (0.0015, | (0.0015, | (0.0023, | (0.0006, | (0.0015,
35 | UC74 | 0006716 | 0.0013, | 0.0013, | 00026, | 0.0013, | 0.0013, | 0.0026, | 0.0007, | 0.0013,
0.0011) | 0.0011) | 0.0028) | 0.0011) | 0.0011) | 0.0028) | 0.0008) | 0.0011)
(0.0027, | (0.0027, | (0.0041, | (0.0027, | (0.0027, | (0.0041, | (0.0011, | (0.0027,
36 | UC75 | 0011753 | 0.0023, | 0.0023, | 0.0047, | 0.0023, | 0.0023, | 0.0047, | 0.0012, | 0.0023,
0.002) | 0.002) 0.005) 0.002) | 0.002) | 0005 | 0.0013) | 0.002)
(0.0015, | (0.0038, | (0.0057, | (0.0038, | (0.0038, | (0.0057, | (0.0015, | (0.0038,
37 | ucTe 0.0146 0.0016, | 0.0032, | 0.0065, | 0.0032, | 0.0032, | 0.0065, | 0.0016, | 0.0032,
0.0018) | 0.0028) | 0.0069) | 0.0028) | 0.0028) | 0.0069) | 0.0018) | 0.0028)
38 | UC81 0 0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0)
39 | UC82 0 0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0) | (0,0,0)
(0.0038, | (0.0038, | (0.0095, | (0.0038, | (0.0038, | (0.0143, | (0.0021, | (0.0038,
40 | UCYT | 0.025002 0.004, 0.004, | 0.0081, | 0.004, 0.004, | 00162, | 0.002, 0.004,
0.0045) | 0.0045) | 0.0067) | 0.0045) | 0.0045) | 0.0168) | 0.002) | 0.0045)
(0.0042, | (0.0042, | (0.0104, | (0.0042, | (0.0042, | (0.0156, | (0.0023, | (0.0104,
41 | UC92 | 0.028998 | 0.0045, | 0.0045, | 0.009, | 0.0045, | 0.0045, | 0.0181, | 0.0023, | 0.009,
0.0051) | 0.0051) | 0.0076) | 0.0051) | 0.0051) | 0.0191) | 0.0022) | 0.0076)
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Table B-2: Normalized & weighted decision matrix using bottom criteria (Staff)

1 2 3 4 5
Academic | Academic | Academic | Academic | Academic
Criteria | Weight Staff Staff Staff Staff Staff
Member 1 | Member2 | Member 3 | Member4 | Member 5
ACH 00765 | (0:0765,0.0765, | (0.1147,0.153, | (0.0765,0.0765, | (0.0306,0.0383, | (0.0765,0.0765,
: 0.0765) 0.1913) 0.0765) 0.0513) 0.0765)
ACI2 01017 | (0:0374,0.0431, | (0.0872,0.0862, | (0.0249,00216, | (0.0249,0.0216, | (0.01,0.0108,
: 0.0473) 0.0851) 0.0189) 0.0189) 0.0127)
ACL3 00261 | (0:0055,0.0055, | (0.0206,00221, | (0.003,0.0028, | (0.0055,0.0055, | (0.0137,0.0111,
: 0.0061) 0.0227) 0.0026) 0.0061) 0.0091)
ACl4 00435 | (0:0107,0.0101, | (0.04,0.0405, | (0.0107,0.0101, | (0.0059,0.0051, | (0.0059,0.0051,
: 0.0108) 0.0402) 0.0108) 0.0047) 0.0047)
ACIS 0052 | (0:0033,0.0032, | (0.0518,00518, | (0.0033,0.0032, | (0.0033,0.0032, | (0.0033,0.0032,
: 0.0033) 0.0518) 0.0033) 0.0033) 0.0033)
(0.0173,0.0156, | (0.0606,0.0624, | (0.0173,0.0156, | (0.0173,0.0156, | (0.0173,0.0156,
AC21 0.069741 0.0142) 0.0637) 0.0142) 0.0142) 0.0142)
(0.03,0.0265, | (0.0449,0.053, | (0.03,0.0265, (0.03,0.0265, | (0.03,0.0265,
AC22 0.074907 0.0234) 0.0585) 0.0234) 0.0234) 0.0234)
(0.0139,0.014, | (0.0521,0.056, | (0.0139,0.014, | (0.0076,0.007, | (0.0347,0.028,
AC23 0.066051 0.0154) 0.0576) 0.0154) 0.0067) 0.023)
(0.0238, 0.0258, | (0.0555,0.0517, | (0.0238,0.0258, | (0.0238,0.0258, | (0.0238,0.0258,
AC24 0.073062 0.0272) 0.0489) 0.0272) 0.0272) 0.0272)
(0.0056, 0.0056, | (0.0056,0.0056, | (0.0056,0.0056, | (0.0056,0.0056, | (0.0056,0.0056,
AC25 0.012546 0.0056) 0.0056) 0.0056) 0.0056) 0.0056)
(0.0175,0.0167, | (0.0657,0.0666, | (0.0175,0.0167, | (0.0096,0.0083, | (0.0175,0.0167,
AC26 0.073062 0.0177) 0.0659) 0.0177) 0.0076) 0.0177)
AC3I 0010788 | (0:0048,0.0048, | (0.0048,0.0048, | (0.0048,0.0048, | (0.0048,0.0048, | (0.0048,0.0048,
: 0.0048) 0.0048) 0.0048) 0.0048) 0.0048)
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Appendix C: If-Scenario Test

The If-Scenario tool provides detail analysis of the results. Several scenarios can be
executed by emphasizing on some criteria rather than others. The tool automatically
displays the impact of the new changes on the bottom criteria, alternatives distance from
NIS and PIS and final ranking result. For example, the weight of ‘Institutional Frame
Work’ criterion is swapped with ‘Human Resources’ criterion, which automatically
effects on bottom criteria weight, alternatives distances from negative & positive ideal
solutions and accordingly in the final ranking result. The following steps show this If-

scenario case.

Stepl: Define/Swap/Input new values for the main criteria. In this example, the value of

UCI1 is swapped with UCA4.

Step2:

presented. The differences between the actual study and if-scenario case can be

Table C-1: Inputs for the new values of the If-scenarios

If
Main Criteria Criteria Scenario
Code

Input
Institutional frame work ucCi1 0.217
Govemance & Administration ucz? 0.102
Infrastructure & Services UCs3 0.124
Human Besources uc4 0,143
Students & Graduates ucs 0.105
Tadingandleamng | e 0a7
Community Service uce 0.000
Chaality Management uce 0.054

observed in the following graphs & table:
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The following analysis graphs and table will be automatically updated and




Main criteria weight vs. If-Scenario case - (Figure C-1): It reflects the difference
between actual main criteria and if-scenario values. In our example, only the
values of criteria UC1 and UC2 are changed.

Automatic calculation of the new bottom Criteria - (Table C-2): It calculates and
displays the new bottom criteria based on the changes in the main criteria. For
example these bottom criteria (UC11, UC12, UC13, UC14, UCI15 and , UC41,
UC42, UC43) were affected by the changes in the main criteria (UC1 and UC4)
Actual bottom Criteria Wight vs. If-Scenario (Figure C-2)

Actual alternatives distance from Negative Ideal Solution (NIS) Vs. If-Scenario
alternatives distance from Negative Ideal Solution (NIS) - (Figure C-3)

Actual alternatives distance from Positive Ideal Solution (NIS) Vs. If-Scenario
alternatives distance from Positive Ideal Solution (NIS) - (Figure C-4)

Actual Final Ranking vs. If-scenario Final (Figure C-5 & Figure C-6): It
displays and compares the actual final ranking and if-scenario final ranking. In
our example, the ‘University of Medical Sc. & Tech.” occupied the 2" position
in the actual ranking process with relative closeness to ideal solution
(0.833110828909821) while ‘Sudan University of Sc. & Tech’ occupied the 3*¢
position with relative closeness to ideal solution (0.499964831308306). In If-
scenario Test, the ‘University of Medical Sc. & Tech.” occupied the 3" position
with relative closeness to ideal solution (0.778596522949184) while the ‘Sudan
University of Sc. & Tech’ occupied the 2" position with relative closeness to

ideal solution (0.811846249121775).
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Figure C-2: Actual bottom Criteria Wight vs. If-Scenario
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Table C-2: Automatic calculation of the new Bottom Criteria

Main Bottom SUb- Maif] (]?t(')ittteorxina Bo?tom Criterfa
Criteria |Criteria Code (é;:eg::'s C':it;;'tzw weight (Atual we'ggtu:;fl't')a""
Output)
UCl11 0.325 0.070525
uUcCi12 0.133 0.028861
ucl uCi3 0.047 0.217 0.010199
ucCl14 0.15 0.03255
ucCl1s 0.345 0.074865
uc21 0.202258828 0.0206304
ucC22 0.098014336 0.009997462
uc23 0.157502528 0.016065258
ucz uc24 0.131685336| 0.102 0.013431904
ucC2s 0.219643278 0.022403614
uC26 0.033164989 0.003382829
uc27 0.157730705 0.016088532
UC31 0.292 0.036208
uc3 uC32 0.231 0124 0.028644
uCs33 0.211 0.026164
UC34 0.266 0.032984
uc41 0.182 0.026936
uca uc42 0.737 0.148 0.109076
uc43 0.081 0.011988
ucs1 0.844 0.08862
ucs ucs2 0.156 0.105 0.01638
uCs3 0 o
ucel 0.134 0.023718
uce2 0.135 0.023895
ucCe63 0.116 0.020532
ucCoe4 0.143 0.025311
uce ucCes 0.069 0.177 0.012213
ucCe66 0.12 0.02124
uce67 0.14 0.02478
uCe68 0.079 0.013983
ucCe69 0.064 0.011328
UC71 0.105 0.007665
UcC72 0.224 0.016352
ucy uc73 0.219 0.073 0.015987
uc74 0.092 0.006716
ucC7s 0.161 0.011753
ucC76 0.2 0.0146
Ucs ucsl 0.5 0.000 o
uCs?2 0.5 o
UCo ucC9l 0.463 0.054 0.025002
uco2 0.537 0.028998
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Actual NIS Vs If-Senario NIS
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Figure C-3: Actual Alternatives distances from NIS vs. If-scenario distances from NIS
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Figure C-4: Actual Alternatives distances from PIS vs. If-scenario distances from PIS
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Alternatives Final Ranking
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Figure C-5: Actual Final Ranking vs. If-scenario Final Ranking
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(Univ. of Medical is swapped with Sudan Univ.of Sc.)
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