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Abstract: Quality assurance in higher education is a complex multifaceted process. Based on the legislative in the
European Higher Education Area (EHEA) and worldwide, it is focused on the study program as pillar of the HE
system that integrates the influence of all stakeholders regarding the quality in itself. After completion of the study
program, graduates are provided with the appropriate qualifications defined with the study program official approval
(which is decision for accreditation from the state officials). In order to be as efficient as it is possible, it has to be
directly related to two important topics in terms of qualifications delivery: what types of qualifications are delivered
(types and their essence) and how are those qualifications delivered (what methods and techniques are used)? The
answer of the question what is delivered is related to the substantive (essential) aspect of the study program,
referring to the qualifications that are expected to be gained in terms of skills, knowledge and competencies at the
very end of the study process. The answer of the question how the qualifications are delivered is related to the
teachers themselves and their work during the classes, their engagement, technologies used, methods applied,
specific approach etc. The qualifications that are evaluated in this work are part of the elaborate for accreditation of
the study program as official document, showing exactly what is to be expected essentially from each graduate in
terms of qualifications gained. On the other side, the criteria referring to the methodological part of the study
program (how things are done) are part of broader analysis in another research, dealing with qualitative assessment
work and model proposals related to the teachers work. There are really many aspects and criteria describing the
methodological aspect of the teachers work. Related to this paper, four are evaluated: planning and organization
activities, encouraging practical application of the study program during the course, application of new technologies,
approaches and tools in teaching (digital per se) and direct support of the student, such as readiness to mentor each
student. The idea is to combine these aspects (substantial and methodological aspect of the study program) towards
generation of one single quality report. Both aspects are evaluated using optimization MCDM technique Analytic
Hierarchy Process (AHP) related to a specific study program, that enables transition from qualitative to quantitative
aspect, with objectivity included, thus enabling data processing and generating readable reports. One basic
assumption in this paper is that the importance of the substantial and methodological part of the study program
conduction is equal, meaning they equally participate in the process of formation of the educated stuff. But, the
model itself proposes possibility of different approach towards their importance, depending on the needs and the
estimates. At the very end, results are combined in one final report showing the efficiency scale of the courses
related to the both aspects evaluated with the AHP method, leading to conclusions about the individual and also,
overall efficiency of the study program.

Keywords: AHP — Analytic Hierarchy Process, QA —Quality Assurance, HE — Higher education, EHEA —
European Higher Education Area

1. INTRODUCTION

Evaluation in higher education includes broad scope of parameters and stakeholders defining the level of quality,
that usually is with pretty general definition. This research is based on proposing a model for evaluation of study
program courses with application of Analytic Hierarchy Process (AHP) as Multi Criteria Decision Making (MCDM)
technique, used towards determination of two qualitative aspects regarding the courses: substantive aspect and
methodological aspect of the study program courses. Substantive (or essential) aspects refers to the question what
qualifications in terms of skills, knowledge and competencies are delivered within the study program.
Methodological aspect refers to the questions how those qualifications are delivered through the classes, teacher
engagement, methods and technologies used, teaching approach applied etc. The model proposed is focused on
determination of the level of fulfilment (contribution) of several criteria regarding to the both aspects of evaluation,
by each course. The research is conducted as a case study on real study program. Students that are in the final study
year or were recently graduated were included in the evaluation questionnaires, as they have the freshest memories
about what and how they learned through the study program. By networking contribution levels of the courses
regarding the two aspects of evaluation for each course — each aspect with four criteria, with the importance of those
criteria, final quality report is generated regarding to both the substantive and methodological aspect of the study
program (each course) and final QA courses list, that can be used for further optimization or data processing, if
greater modeling is applied.
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2. MATERIALS AND METHODS
The multi-criteria programming made through the use of the analytic hierarchy process is a technique for decision
making in complex environments in which many variables or criteria are considered in the prioritization and
selection of alternatives or projects. AHP is used to transform the comparisons that are usually empirical, into
numerical values that can be processed easily in further steps. Given two criteria i and j, decision maker returns a
value a;; as a 1-9 value, reflecting the preference of i in relation to j. Responses creates the pair-wise matrix A with
i > j, if i is preferred to j. Reciprocals are calculated following the positive and reciprocal aspect of the pair-wise
matrix: a;; = aj‘il,aij > 0and a;; = 1 for i = j. Matrix data are then used in several steps calculations to determine
the relative criteria’s weights, consistency check and choosing the best alternatives.
AHP hierarchy is consisted of:

o Goal — what is the final aim of the analysis / question to be answered

o Criteria (and sub criteria) — what are the criteria that decisions are depending on, and

o Alternatives — what are the possible alternatives that the best one will be chosen from.
The criteria are compared pair — wise with respect to the set goal. The judgment matrix A — pair-wise n * n matrix is
generated with the pairs of each hierarchy level elements’ comparisons - criteria or alternatives (reference point of
comparison is element that appears higher in hierarchy).

1 app = a
e M
An1 QApz 1

Comparison is done using the Saaty’s Nine-Point Preference Scale:

Table 1. Saaty’s Nine-Point Preference Scale

Scale Compare factor between element i and element j of
A

1 Equally important

3 Weakly important

5 Strongly important

7 Very strongly important

9 Extremely important

2,4,6,8 Intermediate values

Source: Gass, S. (2001). The Analytic Hierarchy Process-An Exposition. Operations Research

Using the Saaty method (normalized arithmetic means), normalized matrix B = [b;;] is obtained with elements:

a;j
_ J
bij =

(2)

n
i=1 4ij

Calculation of the vector with the criteria’s weights W = [w;]7,i = 1, ...,n from normalized B is performed by

calculating the arithmetic mean for each row of the matrix:
n
v b,
_ =j=17

w=—"1—— 3
n
Given the fact the decision makers are always inconsistent in their preferences, weights vector must satisfies the
following equation:

AW = AW (4)

Maximum Eigenvalue A4, = n (A, = n for ideally consistent matrix) of the pair-wise comparison matrix A can
be calculated from the following formulas:
n
1~ (Aw);
Amax = ;Z - (5)
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Consistency Index (Cl) and Consistency Ratio (CR) are calculated as follows:
P iy L 6)
- n—-1 """ RI

RI denotes the average random index with the value obtained by different orders of the pair — wise comparison
matrices are shown in Table 2. If the value of CR < 0.10 (10%), the level of inconsistency is acceptable and the
judgements are consistent. If inconsistency is bigger, judgements need to be re-conducted.

Table 2. Random consistency index

N 1 2 3 4 5 6 7 8 9 10

RI 0 0 0,52 0,89 1,11 1,25 1,35 1,40 1,45 1,49

Source: Gass, S. (2001). The Analytic Hierarchy Process-An Exposition. Operations Research

Model synthesis as final step begins with matrix of alternatives and criteria [akij] where ak;; refers to the
quantification (value) of the alternative i regarding to the criterion j (local preference regarding each alternative is
denominated). The final alternative weight aw;,i = 1, ..., m is calculated with:

n

aw; = Z akjnorwj,i =1,...,m (7)

j=1

Where NOR stands for normalized element related to the preferred value (minimum or maximum) of the
alternative’s columns’ values regarding to each criterion separately.

3. RESULTS
The case study was conducted at the study program Computer science and technology at the Faculty of Computer
Science, Goce Delcev University in Stip, NMK, enrolled in year 2017 & 2018. 23 out of 47 initially enrolled
students from generation 2017 and 38 out of 76 initially enrolled students from generation 2018 studied with no
delay and were surveyed and a total of 81 forms were completed. Four questionnaires were conducted:
o Substantive (essential) aspect of the study program:
o Q1: Importance of the qualifications provided with the study program;
o Q2: Level of contribution of Q1 criteria by each course;
o Methodological aspect of the study program:
o Q3: Importance of the teaching/methodological quality criteria;
o  Q4: Level of contribution of Q3 criteria by each course.
AHP model is shown in Figure 1, respecting the goal, criteria and alternatives to be selected (found the best one)
from).
Figure 1. AHP evaluation hierarchy / model

+ GOAL
Substantial m - Teaching / methodological

aspect aspect

| QI1CR1 l | QI1CR2 | Q1CR3 ‘ QICR4 | Q3CR1 | Q3CR2 ‘ Q3CR3 Q3CR4

| COURSE1 ‘ | COURSE2 ‘ I COURSE38 I COURSE1 ‘ I COURSE2 |A\ COURSE38

Final Report level -

COURSE1 | \ COURSE2 ‘ ..... CUURSEZE‘

Source: Authors research

Q1 is conducted on a representative sample of 19 ICT companies, domestic and foreign (management, CTOs, CEQs,
PMs, senior developers), sizes between 20 and >5000, asking to assess the level of importance/need of the provided
qualification (Table 3 / Section 1) one in relation to the other, from the labor market perspective, using nine-layer
scale for construction of the Pair-wise matrix (Table 4, i=1) where VOI;; refers to the Value of Importance of
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qualification Q1CRI over Q1CRJ. Q1 enables the feedback from the labour market about the real need market has
from the qualifications accredited and delivered with the study program.

Q2 is conducted between the students, enabling the feedback from their perspective about the level of contribution
each course (out of 38 analyzed) has achieved within the study process, related to the qualifications provided. The
question for each course was constructed (Table 5, i=1) where LOC; refers to the Level of Contribution of the course
analyzed in Q1CRI and

LOC; € {No contribution = 1, Little contribution = 2, Significant contribution = 3, Big contribution =
4, Great contribution = 5} fori = 1, ...,4.

Q3 is conducted between the students, asking to assess the level of importance of the methodological/teaching
quality criteria chosen for this research (Table 3 / Section 2) as important criteria defining the quality of teaching
and methodological approach during the class, one in relation to the other, using the AHP nine-layer scale for
construction of the Pair-wise matrix (Table 4, i=3).

Q4 is conducted between the students, enabling the feedback from their perspective about the level of contribution
each course has achieved within the study, related to the teaching/methodological quality criteria. The question for
each course was constructed (Table 5, i=3).

Table 3. Generic and specific qualifications

Section 1 Section 2

Type of Qualification Teaching quality Criteria description

qualification description criteria

Generic Q1CR1 - Knowledge and | Planning and Q3CRL1 - Teaching activities

qualification understanding organization planning, organization and realization
based on the students’ needs

Generic Q1CR2 - Ability for | Practical work Q3CR2 — Realization of teaching by

qualification evaluation encouraging practical application of
the course content / working with
practical examples

Specific Q1CR3 - Application of | New educational Q3CR3 - Application of new

qualification knowledge and | technologies educational technologies, resources,

understanding approaches and tools in teaching

(digital and other)

Specific Q1CR4 - Learning skills Student support Q3CR4 - Guiding, supporting and

qualification mentoring students / availability for
individual work with the teacher

Source: Authors research

Table 4. Pair-wise matrix for the qualifications’ criteria (i=1 for Q1 and Q2, i=3 for Q3 and Q4)

QIiCR1 QIiCR2 QIiCR3 QiCR4
QICR1 Vol VoI, VOl vol,,
QiCR2 VOl,, VoL, VOL,, VOl,,
QiCR3 VOl VoL, VOly, VOl
QiCR4 VoI, vol,, VOl,, VOl,,

Source: Authors research

Table 5. Course contribution level
Contribution level assessment of the Level of contribution
course COURSENAME in:

QiCR1 Loc,
QiCR2 LOC,
QiCR3 LOC,
QiCR4 Loc,

Source: Authors research

Based on QI and the questionaries’ results, priority vector for the study program qualifications is generated (Table
6). As it is shown, inconsistency is 1,314%, which enthrones the valuables received from the labour market,
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assessing Q1CR4 = Learning skills as most important and Q1CR2 = Ability for evaluation as least important. Based
on Q3 and the questionaries’ results, priority vector for the qualitative teaching/methodological criteria is generated
(Table 6). As it is shown, inconsistency is even smaller, 1,026%, which proves the results are objectively correct.
Q3CR2 — Practical work is assessed as most important criteria and Q3CRL1 is assessed as least important criteria
from students’ perspective.

Table 6. Priority vectors, qualifications and teaching criteria

Criteria Criteria weights
01 weights 03 g 010269
Cl1=0,01314 '
Q1CR1 0,12913 Q3CR1 0,12206
Q1CR2 0,10492 Q3CR2 0,39905
Q1CR3 0,28972 Q3CR3 0,15940
Q1CR4 0,47622 Q3CR4 0,31949

Source: Authors research
Table 7 integrates multiple results:

o Q1CR1-4 are the average evaluations of each course contribution regarding the qualification criteria;

o Q3CR1-4 are the average evaluations of each course levels of achievements regarding the
teaching/methodological qualitative criteria,;
S1 is synthetized AHP model for the substantial aspect of the study program;
S2 is the synthetized AHP model for the teaching/methodological aspect of the study program, and
FR is the final report.

Table 7. Synthesized models S1 and S2, Final Report FR

Se QICR QICR QICR QICR Q3CR Q3CR Q3CR Q3CR

Course m 1 5 3 4 1 5 3 4 S1 S2 FR
Introduction

ncomputer 1 320 300 320 320 327 33 305 277 0 0% Df
science

Computer 4 549 229 218 235 275 261 267 250 92 905 05
elements 1 8 4

Mathematics | 398 374 387 387 424 404 367 417 08 09 08

1 6 0 8
Programmin ;433 400 426 426 420 408 363 417 09 09 09
g, basics 5 0 3
Discrete 4 400 385 410 38 458 435 387 474 28 09 09
mathematics 7 9 3
Linear 0,7 07 0,7
Algebra 1339 325 329 33 38 35 32 33 0 0
Digital logic 2 322 323 323 332 370 364 341 368 g’7 (1”8 (7"7
gﬂathema“cs 2 392 387 391 383 429 417 386 427 2’8 g’g 8'9
00P 2 438 435 448 436 452 442 392 479 g,g (1)’0 8'9
Algebraic 455 395 384 378 435 414 382 a7z 08 09 09
structures 6 6 1
Informatics 2 395 395 389 394 410 372 378 400 3’8 2’8 3'8
Computer 3 352 335 345 355 400 347 337 411 07 08 08
architecture 8 3 1

Software 3 338 333 329 319 383 341 332 341 &7 07 07
engineering

Data 3 4,22 4,26 4,04 4,17 4,36 4,08 3,88 4,67 09 09 09
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structures 3 5 4
and
algorithms
Probability 382 371 386 386 426 413 383 443 08 09 09
and statistics 6 3 0
Graph theory 3,59 3,47 3,53 3,53 3,89 3,94 3,44 4,22 (9),7 3,8 2,8
Databases 4,48 4,50 4,23 4,50 4,28 4,29 3,96 4,67 (9),9 (7),9 3,9
Visual
programmin 404 400 409 418 408 426 404 400 29 D% D9
g
Computer 417 404 396 400 448 442 404 450 99 09 09
networks 0 8 4
Operating 350 352 343 362 372 350 350 38 &7 08 08
systems 9 1 0
Graphics and 390 375 390 390 373 386 390 367 8 08 08
visualization 7 4 6
Internet
programmin 404 391 39 391 400 413 392 371 2,8 2,8 3,8
g
inrormation 353 358 353 353 410 390 375 440 &7 09 08
theory 9 0 5
Advanced 356 359 347 353 380 379 337 432 07 08 08
algorithms 9 7 3
System 08 08 08
o are 346 346 362 362 407 39 3% 407 ° % o
Digital
signal 373 38 387 387 424 413 380 447 2’8 2’9 8'9
processing
Microcompu 389 371 365 359 410 395 361 416 08 08 08
ter systems 2 9 6
Basics of
operational 3,44 3,50 3,38 3,38 4,10 3,75 3,70 4,20 2,7 (7),8 3,8
research
Mobile
application 431 446 438 446 425 429 385 385 8*9 (1’*9 g'9
development
Artificial 4.47 4.43 4,50 4.43 4,39 4,29 3,94 4.47 1,0 09 09
intelligence 0 6 8
E-commerce 433 433 427 447 441 424 406 456 2,9 2,9 (7),9
Data
management 377 350 358 38 393 350 358 383 g,a (2’*8 318
and storage
Geoinformat 391 391 373 375 413 408 383 425 08 09 08
1CS 4 1 8
Security of
computer 425 425 413 413 422 413 407 a3z o0 29 99
systems
Applied
software
engineering 3,85 3,92 4,00 3,85 4,33 4,08 4,15 4,62 (;,8 2,9 (2),9
in real

environment
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Distributed
computer 8 354 379 357 364 407 407 362 379 0 08 08
systems
Information ¢ 5,0 391 399 307 378 375 375 373 O/ 08 07
systems 1 3 7
Machine 8 433 425 433 442 447 427 407 453 %9 09 03
learning 7 7 7

Source: Authors research

4. DISCUSSIONS

Given the results obtained within this research, it can be clearly noted that with the synthesized model S1, the course
Artificial intelligence is noted as relatively most efficient and course Computer Elements as least efficient, regarding
the contributions courses have in the four qualifications networked with the preferences of the labour market.
Additionally, with the synthesized model S2, the course Object oriented programming is noted as relatively most
efficient, and course Computer elements is note d as least efficient, regarding the achievements level with respect to
the four qualitative criteria in terms of teaching quality and methodology aspects during the classes.

If it is assumed that both aspects of the study program courses evaluation are equally important, than relatively most
efficient course is Object oriented programming (0,99), while Computer elements (0,54) is least efficient.

Figure 2. a) Three most and least efficient courses regarding the substantial aspect, b) Three most and least
efficient courses regarding the teaching/methodological aspect

0,99 0,99 0,99 0,98
1 0,71 0,71 1 0,77
0,8 o 51 0,8 0 °9 0 58
0,6 0,6
0,4 0,4
0,2 0,2
0 0
N
2 N & ,@ & & e &
& s 6° & &S o @ GRS &
X A\Y) PN L Y L & O Q
?5 0&% @ 60(1 s\o‘@ (JO(Q Q\(’ 0((\ f—)ox 60(‘}’ (Joé\
L8 <
\Q \()\\'
a) b)

Source: Authors research

Figure 3. Final report / OOP - most efficient / Computer elements — least efficient

0,99 0,98 0,98

1
0,8
0,6
0,4
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Q'z?” v P N4 ®
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Source: Authors research

5. CONCLUSIONS

Both final reports from the different aspects of the study program — substantive and teaching, as well as the final
report can be analyzed to locate the less efficient courses, the difference level with the better courses and to suggest
improvement steps, taking the relatively better courses as a reference. We used AHP in collaborative manner, trying
to find the strong spots and use them as an example in what to be improved regarding the other courses.
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