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The implementation of an efficient university knowledge management system involves the de-
velopment of several software tools that assist the decision making process for the three main
activities of a university: teaching, research, and management. Artificial intelligence provides
a variety of techniques that can be used by such tools: machine learning, data mining, text
mining, knowledge based systems, expert systems, case-based reasoning, decision support
systems, intelligent agents etc. In this paper it is proposed a generic structure of a university
knowledge management system, and it is presented an expert system, ACDI_UPG, developed
for academic research activity evaluation, that can be used as a decision support tool by the
university knowledge management system for planning future research activities according to
the main objectives of the university and of the national / international academic research
funding organizations.
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Introduction

In the last decade, many universities have
started the development of their own know-
ledge management system in order to in-
crease their performances (e.g. better deci-
sion making, reduced costs, improved aca-
demic services etc). University knowledge
management (KM) comprises a set of strate-
gies, methods, practices and tools for the
identification, creation, sharing and applying
knowledge to better achieve the objectives of
the university. An efficient university KM
system requires the use of intelligent soft-
ware tools, based on artificial intelligence
techniques [8]. Such tools can improve the
performances of the university KM system
by taking into account, for example, the cur-
rent trends of the jobs market, and/or of the
economy at a local or global level, the expe-
riences accumulated by the university itself
or the good practices of the best universities.
The university KM system can provide a de-
cision support system for all the activities of
the university, teaching, research and univer-
sity management.
The paper presents an expert system, AC-
DI_UPG, that was developed for the evalua-
tion of the academic research activity, at dif-
ferent levels, individual level (in the sense of

individual knowledge researcher perfor-
mance [19]), by a (researcher or professor (to
evaluate her/his own performances), depart-
ment level (to evaluate the whole department
research activity), faculty level (to evaluate
the research activity for different programs of
studies) or university level (to evaluate the
whole university research activity for univer-
sity classification). The ACDI_UPG system
can be used as a decision support tool by the
university knowledge management system
for planning future research activities. It in-
tegrates knowledge modeling by using a spe-
cific ontology, a knowledge base that uses
the knowledge representation under the form
of production rules with some of the rules
generated by inductive learning, and an infe-
rence engine that allow automated reasoning
when a specific evaluation is required.

The paper is organized as follows. In section
2 it is described a generic university know-
ledge management system with the main
components related to three activities of a
university, teaching, research and manage-
ment, and some research work reported in the
literature are briefly described. The academic
research activity evaluation is discussed in
section 3, pointing out the potential use of
some artificial intelligence techniques. Sec-
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tion 4 presents the ACDI_UPG expert system
that was developed as a university KM tool
for academic research activity evaluation.
The architecture of the system, as well as de-
tails about the ontology, the knowledge base,
and some case studies of system run are also
given. The last section concludes the paper.

2 University knowledge management
Knowledge sharing is the most important
characteristic of a university as one of its
main missions is knowledge transfer from
teachers to students and from researchers to
the academic community. We have to streng-
then that the university research activity
creates itself new knowledge that is shared
with the whole academic community (re-
searchers, professors, students). Thus, the
implementation of a university knowledge
management system can be done in a natural
way.

The structure of a generic university KM sys-
tem

A university KM system incorporates three
modules for the main activities performed by
a university: teaching, research and universi-
ty management (i.e. institutional manage-
ment) [1]. In Figure 1 it is shown the struc-
ture of a generic university KM system. In
this structure, we can identify the three mod-
ules: the Teaching KM module (TKM), the
Research KM module (RKM), the University
Management module (UKM), and some sup-
port modules: the IT infrastructure (e.g.
intranet), and a university portal which offers
the interface with potential users: students
(undergraduate, MSc, PhD, PostDoc, post-
graduate), academic personnel, potential stu-
dents, and other persons interested by the ac-
tivities of the university.
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Fig. 1. The structure of a generic University Knowledge Management system

The TKM module manages the whole know-
ledge regarding the teaching activity done
under different programs of study, bachelor,
master, doctoral, postgraduate, post-doctoral,

for different domains of study. Figure 2
shows an overview of a generic TKM mod-
ule structure. The structure takes into account
the two organizational levels of a university,
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department and faculty, and the didactical ac-
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Fig. 2. An overview of a generic TKM module structure

Each faculty of a university has one or more
departments, and has a number of program
studies they manage, for all levels of study.
A faculty manages the databases FDB (Fa-
culty DataBases) with data about the enrolled
students, programs of study, alumni etc. Each
department has to manage the activity of its
teaching staff, and all its physical and virtual
resources (laboratories, equipments, peda-
gogical resources such as teaching materials:
books, tutorials, software, documents, pres-
entations, demos). A department manages lo-
cal databases DDB (Department of Databas-
es), with data about its teaching staff, about
the programs of study it manages etc. As a

department, it can manage one or more pro-
grams of study that involves apart from the
teaching activity, a research activity (e.g.
master, doctoral, postdoctoral programs),
some of the databases will be shared with the
RKM module. Each organizational level uses
KM tools. All data are centralized at the uni-
versity level and are directly managed by a
vice-rector through a decision support sys-
tem. An example of activity that can be done
by the TKM module is the management of
the curriculum development process. This
complex activity involves the development of
portals and repositories for information re-
lated to the teaching and learning technology,
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to pedagogy and assessment techniques, stu-
dents’ evaluations, updated materials, and
others.

The RKM module manages the whole activi-
ty related to the research activity done in the
university in different departments. Figure 3

shows an overview of a generic RKM mod-
ule. The structure takes into account the two
organizational levels of a university, depart-
ment and faculty, and the research activity
management done by a vice-rector.
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Fig. 3. An overview of a generic RKM module structure

Each faculty centralizes the research activity
of its departments in the faculty research ac-
tivity databases, FRDB, and sends reports to
the upper level, i.e. the university, which cen-
tralizes all the reports in its databases, UDB.
From these databases, the university sends
reports to the ministry or other research fund-
ing/evaluating organizations that can ask
them periodically. The research activity takes
place at the level of a department, in a re-

search center, or a research laboratory. The
research activity is usually performed under
the framework of international, national or
regional research projects. A department
manages the whole research activity done
under its supervision, and stores all data in its
databases (Department Research Databases,
DRDB). Examples of activities that can be
done by the RKM module are: finding fund-
ing opportunities (e.g. national and interna-
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tional research funding competitions, indus-
trial partners), reports on the research activi-
ty, searching commercial opportunities for
the implementation of the research results
etc. The RKM module makes use of some
KM tools, and maintains different portals as
communication support tools.

The UKM module manages the whole ad-
ministrative activity done in a university,
such as strategic planning, and the activity of
the administrative services (human resources,
accounting, investment etc). This module
makes use of specific KM tools and main-
tains different portals as communication sup-
port tools (as for example, a public auctions
portal).

Starting from the generic structure of the
university KM system, that is proposed in
this paper, with the two overviews of the
TKM module, and of the RKM module, we
have started to implement some artificial in-
telligence based tools that can assist different
KM activities for teaching and research. We
shall continue the discussion in the next sec-
tions, focusing on the research activity evalu-
ation. Next, there are briefly presented some
university KM systems, that were reported in
the literature, and it is shortly discussed the
current and/or potential use of some artificial
intelligence in KM systems, in general, and
in university KM systems, in particular.

University KM systems reported in the litera-
ture

The use of KM in universities was recently
introduced and the first studies and experi-
ments of applying KM in universities were
reported in the literature in the period 1997-
2000, while in the last decade many universi-
ties had started the implementation of a uni-
versity KM system, the majority of them be-
ing based on advanced Web technologies.

In [10] it is presented the project of manage-
ment decision support through knowledge
management developed at the University of
Hradec Kralové (Czech Republic), Faculty of
Management and Information Technology.
Some results of implementing the faculty
teaching activities scheduling are also dis-
cussed. General and specific issues of im-

plementing a knowledge management system
in a university are detailed in [7]. Also, it is
highlighted the idea that universities must de-
liver integrated services by using web-based
portals. In [11] it is described a web-based
architecture, GCC, that enables knowledge
management in scientific environments, and
increases collaborations between researchers.
GCC was developed to be used by research
centers and universities. There are some oth-
er applications of KM to research activities,
such as those presented in [5], for research
commercialization, and [17], for university
software research and development groups.
In [9] it is analyzed the use of three statistical
software instruments (SAS, SPSS, Weka) for
higher education quality analysis. An expert
system for university research quality as-
sessment is described in [13].

Artificial intelligence used in KM systems

Several artificial intelligence techniques can
be applied to university knowledge manage-
ment: machine learning (e.g. inductive learn-
ing, artificial neural networks), data mining,
text mining, knowledge based systems, ex-
pert systems, case-based reasoning, intelli-
gent agents and others. At present, there are
some Al-based KM tools developed to be
applied in universities. Some recent exam-
ples are given in [1], [9] (data mining tools
for the teaching activity analysis), [13] (an
expert system for the research activity analy-
sis according to the 1C6 indicator [21]), and
[14] (a rule-based system for research activi-
ty analysis at the department level of a uni-
versity). In [2] there are presented specific
ways in which indicators and artificial intel-
ligence methods and tools can be used for the
evaluation of research projects and programs.
A special emphasize is given to the use of da-
ta mining techniques. The potential benefits
of using case based reasoning in knowledge
management systems are discussed in [18].
The technique can be used also in university
KM systems were past experiences of the
university itself, or of other universities can
be used to solve new problems. The role of
collective intelligence in modern organiza-
tions is discussed in [3], and could be easily
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applied to modern universities, that have KM
systems. Some knowledge discovery tech-
niques as well as knowledge modeling me-
thods are discussed in [4], were creative
knowledge extraction in the case of know-
ledge based systems is detailed, focusing on
machine learning methods.

3 Academic research activity evaluation

The continuous improvement of the academ-
ic activity is the main objective of any uni-
versity. In this sense, the teaching and re-
search activities are evaluated periodically
(e.g. yearly, the last five years) by the univer-
sity itself through an internal evaluation pro-
cedure, and by external institutions (e.g. min-
istry, institutions that make evaluations or
that fund the university). Such evaluations
provide classifications of the universities ac-
cording to specific indicators [16]. The most
used indicators are those used by the Thom-
son Reuters classifications. In the particular
case of research evaluation, Thomson Reu-
ters uses several tools such as high impact
papers, InCites, Institutional Citation Report,
Journal Analysis Database, Journal Perfor-
mance Reports, National Citation Report,
Journal Performance Indicators and others
[20]. Most of the countries have their own in-
stitutions that evaluate the academic activity
of their universities. For example, in Japan
there is the National Institution for Academic
Degree and University Evaluation, NIAD-UE
[23], which makes a performance-based
evaluation of national university corporations
and inter-university research institute corpo-
rations, using their annual plans, mid-term
plans, and mid-term objectives for education,
research and management. In Australia there
is a Centre for Policy Innovation (CPI) [22],
that makes systematic evaluation and map-
ping of research across all fields of scholar-
ship. In Romania, the academic activity eval-
uation is made by the Ministry of Education,
Research, Youth and Sports, and by UE-
FISCDI [21]. These evaluations makes bibli-
ometric analysis of the scientific production
(e.g. research publications) produced under
the patronage of publicly funded institutions
(e.g. ANCS and CNCS, in Romania). The

academic research activity evaluation is done
according to specific indicators and to the
updated bibliometric databases that contains
information about all the scientific produc-
tion in a certain period of time. Such data-
bases contain information about each publi-
cation, for example, the ISI publication code,
name of the journal, publication year, tape
year (the year when the publication entered
into the ISI Web of Knowledge database,
number of authors, number of pages, publica-
tion type (article, review), ISI index in which
the publication is found, citations of the pub-
lication, the impact factor, the relative impact
factor, and others. There are three types of
major domains that are analyzed: science, so-
cial sciences, humanist sciences. For each
domain there are specific indicators of the re-
search activity analysis.

The evaluation of the research activity per-
formed in a university involves the analysis
of several key activities for each domain of
research: the research dissemination activity
(published books, scientific papers published
in ISI Web of Knowledge journals or ISI
proceedings), the research activity done un-
der the framework of national and interna-
tional research projects (e.g. FP7) or research
collaborations (Networks of Excellence in
Research, for example), awards, inventions,
patents, the involvement of the academic
staff in the organization of international con-
ferences (indexed in the Web of Knowledge),
the involvement of the academic staff in the
editorial board of ISI Web of Knowledge
journals, the international mobility of the
academic staff, and other activities.

The academic research activity evaluation
can be assisted by specialized software tools.
The use of artificial intelligence (Al) tech-
niques could improve the efficiency of such
tools, knowing that the databases with the re-
search production are usually, huge. Some Al
techniques that can be used are machine
learning and data mining for applications of
knowledge/rules extraction from large bibli-
ometric databases, knowledge based systems
and expert systems to make different qualita-
tive analyses and evaluations, case based rea-
soning to solve/make similar  prob-
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lems/analyses, and intelligent agents to
search information in the bibliometric data-
bases.

In the next section it is presented an expert
system, named ACDI_UPG, that was devel-
oped for the academic research activity eval-
uation.

4 The ACDI_UPG expert system

We have developed a prototype expert sys-
tem [6] for the university research activity
evaluation, named ACDI_UPG that was im-
plemented in VP-Expert, an expert system
generator [24]. The system can be used as an

Research Production
Databases

analysis support tool in the RKM module of
the generic university KM system, proposed
in section 2. Also, it can be used as a deci-
sion support tool for the adoption of new
strategies for the research activity improve-
ment.

In this section it is presented the architecture
of the ACDI_UPG system, the ontology that
was used, the knowledge base that was de-
veloped, and two case studies of the system
run.

The architecture of the ACDI_UPG system
Figure 4 shows the modules of the AC-
DI_UPG system architecture.
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Fig. 4. The architecture of the ACDI_UPG system

The main modules of the system are the
knowledge base and the inference engine.
The knowledge base contains the knowledge
used by the system under the form of produc-
tions rules (rules base), and the permanent
facts that are used during the evaluation. The
inference engine is doing the evaluation rea-
soning by using the knowledge from the
knowledge base and the temporary facts that

define the current context of the system con-
sultation. The temporary facts base is initia-
lized by the user, through a user interface,
with the initial facts regarding the research
domain for which it is done the evaluation,
the period of time for which the research ac-
tivity is evaluated, and other initial facts that
will guide the process of facts acquisition
from the databases with the research produc-
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tion (e.g. of the department), the bibliometric
databases, and other databases with research
evaluation indicators. Some of the rules from
the knowledge base were extracted by induc-
tive learning.

The Research Production Databases contain
data about all aspects and outcomes of the
academic research activity done in a specific
period of time (e.g. publications, research
projects, international research activity, pa-
tents, innovations, software products etc).
The ontology of the ACDI_UPG system

We have developed an ontology of the AC-
DI_UPG system by defining all terms (i.e.
concepts, properties, and relationships) from
the domain of application (the evaluation of
the academic research activity). The ontology
extends the research ontology of the
UPG_UniMan ontology described in [12]. In
Figure 5 it is shown a part from the ontology
hierarchy of the ACDI_UPG expert system.
Examples of terms defined in this ontology
are: research projects, books (published in
national and international publishing houses),
papers, patents, innovations.
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Fig. 5. The ontology hierarchy for the AC-
DI_UPG expert system (selection)
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Fig. 6. A screenshot from the UPG_UniMan ontology (with Romanian Terms) in Protége 3.0

Figure 6 presents a screenshot from this on-
tology with Romanian terms, implemented in

Protégé [15], a Java based ontology editor.

All the terms were mapped on classes (ab-
stract or concrete) with their correspondent
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description under the form of slots (defined
by name, cardinality, type, other facets)

The knowledge base of the ACDI_UPG sys-
tem

The knowledge base of the system has a
permanent facts base and a rules base. The
permanent facts base contains all facts about
the university related to its organization, re-
search activity and research evaluation (e.g.
the internal evaluation criteria, the depart-
ments, the domains of research that are rec-
ognized, the PhD supervisors, the research
centers). The rules base contains sets of rules
grouped by their evaluation goal, according
to the parameters that are analyzed. In order
to reduce the complexity of the analysis we
have considered the most important parame-
ters that reflect the quality of the research ac-
tivity: number of research projects (national
and international), number of articles pub-
lished in ISI Web of Science journals (with
impact factor < 1; >=1 and <2; >=2; with rel-
ative score), in BDI journals, books pub-
lished in national and international publish-
ing houses, chapters of books published in
national and international publishing houses,
international research collaboration projects,
articles published in ISI proceedings, in the
proceedings of international and national

conferences organized by professional socie-
ties (not ISI proceedings), research projects
proposals submitted (in national and interna-
tional competitions), research projects pro-
posals accepted for funding. The codification
of these parameters is presented in Figure 7.
Each parameter has a numerical value that is
compared with some thresholds (T) specific
to that parameter and established either at na-
tional level (e.g. by the Romanian Ministry
of Education, Research, Youth and Sports) or
at the university level. The comparison be-
tween the numerical values and the thre-
sholds will provide symbolic values of the
parameters (named <parameter_code>S, e.g
IRPS, ISI_JS), such as high, medium, small
etc. We have to note that in order to make
comparisons (e.g. between the universities),
the numerical values are normalized.

The knowledge base of the ACDI_UPG ex-
pert system consists in a set of rules that were
generated by inductive learning (starting
from decision tables extracted from human
experts) or were taken from the research me-
thodologies and norms provided by the Ro-
manian Ministry of Education, Research,
Youth and Sports, and its specialized com-
missions.
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Fig. 7. Codification of the parameters analyzed by the ACDI_UPG expert system

Some examples of rules used by the know-
ledge base of the ACDI_UPG system are

given in Figure 8. Rules IndR28, Ind37 and
Ind57 were generated by inductive learning.
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Rule T12
IF NRP<T™!
AND IRP >= T"-!
AND ICO > Tt
AND ISI_J0_1 >= Tt
AND BDI_J >= T
AND IB >= T
AND NB >= T™-
THEN
RQ_Analysis_Result = very_good,;

Rule IndR28

THEN

Rule IndR37

THEN

Rule IndR57

THEN

IF  ISI_JS=small AND NRPS =small

RQ_Analysis_Result = poor;

IF  BDI_JS = high AND NRPS =medium AND ISI_JS = small

RQ_Analysis_Result = acceptable;

IF  ISI_JS =medium AND NRPS =high AND IRPS = medium

RQ_Analysis_Result = good;

Fig. 8. Examples of rules from the knowledge base of the ACDI_UPG expert system

Examples of rules regarding the evaluation of
the research activity dissemination (publica-

tion):

RULE P22

IF  ISI_JS=small AND
BDI_JS=small AND
ISI_ProcS=small AND
NBS=small AND
IBS=none AND
NCBS=none AND
ICBS=none

THEN Publication=poor;

RULE P24

IF  ISI_JS=small AND
BDI_JS=high AND
ISI_ProcS=medium AND
NBS=high AND
IBS=small AND
NCBS=medium AND
ICBS=small

THEN Publication=good;

RULE P25

IF ISl _JS=medium AND
BDI_JS=high AND
ISI_ProcS=high AND
NBS=high AND
IBS=small AND
NCBS=high AND

ICBS=medium
THEN Publication=very good,;

Examples of rules regarding the evaluation of
the involvement in research projects and in-
ternational research collaborations:

RULE R55

IF NRPS=medium AND
IRPS=small AND
ICOS=high

THEN Projects=good,

RULE 56

IF NRPS=small AND
IRPS=none AND
ICOS=small

THEN Projects=poor;

RULE 59

IF NRPS=medium AND
IRPS=high AND
ICOS=medium

THEN Projects=very_good;

The above presented rules were generated by
induction from decision tables extracted from
past experiences.

Other examples of rules are those used for
the evaluation of the academic research ac-
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tivity for research proposals eligibili-
ty/classification in case of research projects
funding competitions (e.g. the IDEI competi-
tions). In this case, the indicators that are
used are the relative influence score of the
papers published in ISI Web of Knowledge
journals (RIS) and the cumulative relative in-
fluence score (CRIS). For the domains dif-
ferent from the social and humanist domains,
the two indicators must fulfill the following
conditions: RIS>=0.5 and CRIS>=2. Also
two types of documents are analyzed: article
and review. The eligibility rules are given the
type of project proposal, eligible, not eligible,
and the classification rules are doing an indi-
vidual evaluation of the proposal according
to specific criteria established by the compe-
tition.

Case studies

We have implemented the ACDI_UPG ex-
pert system in VP-Expert (the educational
version), and we have run it for several sce-
narios. In this paper we shall present two
case studies. The first one is doing the evalu-
ation of the academic research activity at the
department level, and the second one is doing

medium « high

high « medinm

high small

[ KBS: RD 1

How is the ny of hooks published in national publishing houses?

How iz the ny of books publizhed in international publizhing houzes?

The research activity done in the department is wvery good.

the analysis at university level, for university
classification in a specific domain of re-
search. In this case the evaluation point out
the weak and the strong points of the main
activities of the research: dissemination and
involvement in research projects and collabo-
rations.

Case study 1

The first case study refers to academic re-
search evaluation at department level, given
the quality of the whole research activity per-
formed by all the academic staff from the de-
partment. The system takes the numerical
values of the parameters presented in Figure
7 regarding the research activity of all re-
search staff from the department, and will
provide a qualitative analysis of the research
activity. The evaluation result can be used by
upper levels of the RKM module. A screen-
shot from the ACDI_UPG expert system
consultation done in for this case study (run
1) is shown in Figure 9. We have run several
scenarios in order to validate the rules that
were generated by induction from decision
tables.
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Fig. 9. Screenshot of the ACDI_UPG expert system consultation in VP-Expert (run 1)

Case study 2

The second case study refers to academic re-
search evaluation at the university level for a
certain domain of research in order to send
the evaluation reports for the classification of
the university at upper levels (at the ministry,

for example). In Figure 10 it is shown a
screenshot from the ACDI_UPG system run
(run 2) in the case of an evaluation done at
the university level for a specific domain of
research (Computer Science), in a certain pe-
riod of time (2001-2010). In this case the re-
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search activity evaluation is very good and
the strong points are the dissemination and
the involvement in research projects and col-
laborations.

Another run (run 3) was done for the analysis
of the research activity performed in the do-

[ KBS: ACDI_U™1 1-

The vresearch activity evaluation wesult

»»» the university UPG Ploiesti has very good recearch 1\|1uilw (€L

>0 in the domain of wvesearch: }npaiei Science £

PP The reszsearch activity was done in the period 2081 #H1ﬁ $<4

»»% Publication activity: Weak points: no weak pointss Strong points dissemi
allﬂ' activity £<<
»>>» Research projects activity: lleak points: no weak points;

Strong points: projecis activity (<<

main of Informatics in the period 2006-2010.
The screenshot with the evaluation result
given by the ACDI_UPG system run is
shown in Figure 11. In this case, the evalua-
tion result is acceptable and the weak point is
the dissemination activity.
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Flg 10. Screeshot of the ACDI UPG expert system consultatlon in VP Expert (run 2)
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no sktrong points <<<
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Frg 11. Screenshot of the ACDI _UPG expert system consultation in VP-Expert (run 3)

5 Conclusion

The development of university knowledge
management systems became an important
research area in the last years. Most of the
universities have started the implementation
of different KM tools. The paper proposed a
generic structure of a university knowledge
management system, with the overviews of
the teaching and research KM modules, and

presented the ACDI_UPG expert system that
was developed for the evaluation of the aca-
demic research activity. The system uses in-
ductive learning for the generation of some
rules from the knowledge base, and the on-
tology UPG_UniMan, previously developed
and extended with new concepts for the ap-
plications presented as case studies. The
ACDI_UPG system can be integrated in the
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university knowledge management system,
and can be used as a decision support tool for
the adoption of new strategies for the re-
search activity improvement, as the system
provides the weak and strong points of the
research activity done in a certain period of
time.
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