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Abstract: The p<1per presents an approach to the evaluation of higher education 
institutions. The approach is based on the multi-attribute decision making software 
package Decision Expert (DEX). Higher education institutions and related perfonnance 
indicators are represented by a tree of attributes. DEX is used for development and 
verification of the knowledge base, evaluation of attributes and interpretation of results. 
Expert system and artificial intelligence elements are introduced by representing the 
knowledge in order to allow qualitative analyses of soft data. For an example, a tree with 
26 basic and 12 aggregate attributes was defined and four randomly selected institutions 
were evaluated. Copyright ~ 1998 IFAC 
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l. INTRODUCTION 

Now, at the end of 20th century many developed and 
less developing countries are reforming their entire 
educational system. One of the important feature of 
this change is the evaluation of higher education 
institutions (Kells, 1993). The importance of quality 
is increasing with the number of enrolled students in 
higher education institutions. A consequence of 
expansion is an engagement of substantial financial 
means for higher education, and this calls for 
stricter social control of money flow (Kump, 1994). 
Quality assurance has been introduced at universities 
and accepted as a regular university practice in 
many countries. They take various fonns, such as 
habilitation procedures and exams. An integral part 
of quality assurance is quality control which must 
result in accountability towards customers and 
stakeholders, and self-evaluation of study 
programmes and university staff (Frazer. 1994). 
External evaluation of universities could be carried 
out in different ways: (1) by means of audit (meta
evaluation), (2) assessment, and (3) accreditation. A 
three-stage approach to evaluation of higher 
education institutions has been introduced (Fig. I), 
comprising the following steps: (I) self-evaluation at 
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the particular level, (2) peer review involving site 
visits, and (3) preparation of a report. In this report, 
quality is presented in written form and is sometimes 
supported by numerical facts whenever available and 
appropriate. 

INTERNAL SELF·EVALUA TlON 

EXTERNAL PEER REVIEW 

Fig. l. Model relating self-evaluation and peer 
review (Frazer, 1994). 

In the quality report, it is important to distinguish 
between two types of information. The first is 



pertinent to a particular higher education institution 
and reflects its overall state. The second type i~ 
reference infonnation which could be used for 
comparison of different higher education 
institutions. The combination of both types of 
infonnation could be used for drawing conclusions 
on the role and state of the higher education 
institution in a country (Brennan. 1994). 

Perfonnance indicators are an aid in evaluation. 
Higher education is a very broad and delicate field, 
therefore many parameters must be taken into 
account simultaneously in evaluation procedures. 
Nevertheless, it is practically impossible to 
encompass and express all external in internal 
influences on the quality in the fonn of indicators. It 
is even more difficult to follow up the process of 
quality control and 10 draw appropriate conclusions. 
Although one may reduce the complexity of the 
quality control process, one should avoid losing 
relevant infonllation for objective value-added 
judgements. 

Due to the dynamic changes in higher education 
institutions (new study programmes, reorganisation 
of an educational system), simple statistical figures 
are insufficient for drawing value-added judgements. 
The decisions on future development must be based 
on more complex analyses of perfonnance indicators 
(Irvine, 1989). 

Specially designed computer tools are available for 
infonnation processing of manifold perfonnance 
indicators. Decision expert (DEX) is one of such 
tools. DEX is an expert system shell which can be 
used for developing and testing a multi-attribute 
knowledge base as well as for the interpretation of 
evaluation results (Bohanec and Rajkovi~, 1990). 
DEX uses a multi-attribute approach combined with 
elements of expert systems and machine learning. 
The basic approach lies in decomposing the overall 
decision problem into sub-problems. In this work 
DEX was tested for its capability and 
appropriateness for supporting the evaluation 
procedures of higher education institutions. 

2. KNOWLEDGE BASE CONSTRUCfION 

Higher education in the Republic of Slovenia is 
regulated by a recently passed Higher Education 
Law, which includes tile prerequisites for carrying 
out the quality assurance procedure (Zgaga, 1994). 
In Slovenia tllere are two universities witll 29 
faculties, 3 academies of art, 4 professional higher 
education institutions, and 7 free-standing 
professional higher education institutions. They 
differ in organisational as well as programme 
schemes. At the university level it is therefore more 
difficult to introduce unified criteria and rules as it is 
tile case elsewhere in larger countries where tile 
universities can be compared witll each otller. 
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The evaluation procedure is carried out by a group of 
experts (peers). The expert group uses information 
and data from different sources in preparing the final 
evaluation report. The selection of indicators 
depends on tile goals and objectives of tile 
evaluation. The stress in evaluation procedure could 
be either on internal organisation of higher 
education institution or on international 
comparisons. 

The final quality report could be prepared by a group 
of ex-perts by using the results provided by DEX. 
Tills group is responsible for defining and selecting 
perfonnance indicators, which are tllen represented 
as attributes in a DEX knowledge base. The 
attributes are organised in the fonn of a tree. The 
leaves of the tree are specific and simple attributes 
tl13t can take one of 2 to 5 possible qualitative 
values. To insure a better, quicker and clearer 
evaluation procedure, botll the attributes and tlleir 
values must be clearly defined and described. Also, 
tile effect of a particular attribute on tile overall 
result of tile evaluation procedure is estimated, and 
accessibility of data for its evaluation is verified. 
This includes the verification of tile transfonnation 
of raw data on a particular attribute into a 
comparable perfonnance indicator. For example: it is 
necessary for some performance indicators to use 
average values instead of absolute ones. In most 
cases, attribute values are nonnalised. For example, 
tile attribute "number of books" is obtained by 
dividing tile actual nwnber of books by tile number 
of students. For the attribute " research" tl1e number 
of gained points obtained for research work is 
divided by tile number of research staff. 

Perfonnance indicators can eitller be included in, or 
omitted from, tile pool of indicators. Tills is decided 
by the expert group. Elementary attributes are 
furtl1er combined into aggregate attributes, resulting 
in a tree of attributes for the evaluation of 
institutions. 

In tile work reported here, the perfonnance 
indicators most often described and discussed in 
literature (Berg, 1994; Femandez, et al., 1993) were 
selected. A part of tl1e developed tree structure is 
shown in Fig. 2. 

Components of the tree, and later changes, are 
introduced interactively into DEX. In our test, 26 
elementary attributes were chosen and combined into 
13 aggregate attributes. 

Tile values of aggregate attributes are determined by 
means of utility functions. These functions are 
represented by decision rules defined by experts for 
each combination of elementary attribute values of 
tile descendants in tile tree structure. DEX supports 
tile definition of rules by generating all possible 
combinations of attribute values and assessing tl1e 
consistency of the knowledge base. 
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Fig. 2. A part of tree structure for tIle evaluation of higher education institutions 
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Fig. 3. Evaluation results 

3. ANAL YSIS AND EV ALUA TION OF 
INSTITUTIONS 

Four higher education institutions were randomly 
selected, and data for tIle values of elementary 
attributes was provided. DEX evaluated tIlese 
institutions according to tIle knowledge base and 
presented the results in a graphical and tabular fonn. 
A part of tIle graphical results is shown in Fig. 3. For 
institution 1 tIle overall result is "good", while for 
institution 2 it is "very good". The in-deptIl 
examination reveals tIlat better values for "teachers" 
and tIle "reputation" of institution 2 contribute to its 
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higher overall result. However, botIl institutions 
obtained tIle same value for students, regardless of 
low result for material conditions and costs for 
institution 2. In a similar way, institution 3 was 
evaluated as "good", and institution 4 as "weak". 

These results can be further analysed by tIle group of 
experts. TillS enables tIle assessment of knowledge 
base perfonnance and its improvement by changing 
tIle pool of attributes and adjusting ilie value scales 
of attributes. TillS procedure can be carried out 
several times in order to optimise tIle perfonnance of 
tIle evaluation model. It is important that ilie expert 
group is aware all tIle time tIlat iliey are building a 
system for objective evaluation, and tIley must avoid 
tIle temptation to tune it to some preferred solution, 



At this stage of process, other attributes could be 
added which are either more difficult to define or 
which need more demanding preparation. In our 
case, one can add attributes such as reputation of 
institution from the viewpoint of stakeholders (i .e., 
companies where graduates are employed, how 
successful they are), comparison with foreign higher 
education institutions (e.g., study programmes, 
profiles of graduates), and recognition of diploma 
work and theses (e.g., nostrification of diploma 
work, M.Sc. and Ph.D. theses). 

An important precondition for successful evaluation 
is the reliability of data from which the values for 
institutions are derived. A relatively small amount of 
data has been collected by administrative 
institutions, such as statistical bureau, ministries, 
etc. Most data are available only at higher eduC<1tion 
institutions. The reliability of data can be improved 
by more frequent data collecting, through better 
definition of data type, oy insisting on citing names 
of data providers wherever appropriate. and by cross
checking of data. 

The process of knowledge-base design with DEX is 
primarily suitable for the comparison of quality 
between institutions and not so much for the 
measurement of an absolute quality. Institutions are 
classified into classes which are defined by attribute 
values. They could serve as a starting point for 
strategic planning of institutional development. For 
example. the institutions that are ranked among the 
higher classes are e),:pected to gain recognition and 
support for even quicker development while those in 
lower classes should be challenged to prepare special 
programmes for their improvement. Great support 
for this endeavour could be obtained if international 
criteria could be employed, but in most cases they do 
not exist, or else they cannot be directly adopted to 
the situation in a specific country. 

4. CONCLUSIONS 

The expert system tool DEX is designed to offer 
support in solving complex decision problems. The 
final interpretation of results should not rely only on 
the computerised system, but must also be made by 
human experts. In DEX, artificial intelligence and 
expert system elements are reflected in the 
knowledge base, which enables qualitative 
description of "soft" data. The knowledge base is 
developed by experts involved in quality evaluation. 
Clear presentation of parameters and their values 
enables ongoing verification of the evaluation 
procedure and appropriate adaptation of the 
knowledge base. This adaptation is usually obtained 
by expert consensus. The presentation of results is 
transparent, which enables a wide range of people to 
use and understand them. TIlis property is specially 
important for the evaluation procedure, which 
involves conceptual approaches as well as quality 
attributes that quite often need dynamic 
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modification. Tile usage of such a system therefore 
contributes towards the planning of higher education 
development. 
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