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Abstract: The given work represents web-based monitoring framework for measuring performance of functioning of
higher education establishment. High-level key performance measures for higher education are suggested. The models
forming the basis for web-based monitoring framework and their goals are presented. Multi-agent architecture is sug-

gested for implementation of the framework.
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I. Introduction

Usually the goals and tasks of organization are
identified in its business plan or strategic program of
development. Their fulfillment is directly connected
with the prosperity of organization. The manage-
ment cycle in any company presupposes the analysis
of the results of its functioning. Generally the suc-
cess of company’s policy can be expressed in terms
of its performance. We consider performance as
working effectiveness with respect to goals of or-
ganization. It characterizes the results of any busi-
ness — whether they correspond to organization’s
long-term strategy.

Management in the field of higher education has
its own peculiarities. First of all higher education is
service business and in most cases it doesn’t pre-
supposes the production of any goods. Secondly, the
aims of higher education establishments (HEES)
cannot be expressed only through financial indica-
tors. Since one of the main goals of HEE is prepara-
tion of highly qualified professionals for needs of
society and economy, HEE’s activities can be par-
tially considered as non-profitable.

To remain competitive among prospective uni-
versity students and to extend its influence in aca-
demic community HEE has to analyze results of its
work and make some changes in its development
program based on this analysis. Performance meas-
urement in higher education combines the evalua-
tion of all types of activities in HEE. This includes
teaching, research, and finances. Performance
measurement must provide a comprehensive as-
sessment of all aspects of outcomes of HEE’s func-
tioning.

Management of HEE needs to obtain continuous-
ly the feedback from implementation of working
plans. To do this HEE has to organize appropriate
monitoring and evaluation activities. The result of
monitoring is the collection of data on performance
indicators. Evaluation activities are directed on find-
ing the difference between the current situation and
the expected results according business plan as well
as obtaining the performance estimates.

We can state that all business processes that take
place in HEE influence its performance. This can be

expressed in terms of key performance indicators
(KPI). The data necessary for finding of values of
KPI should be obtained during monitoring activities.
The data sources for such monitoring include inter-
nal and external ones. For example, if we consider
return on investment value as KPI, then the data
necessary for its calculation may be taken from the
account department of HEE. However not all per-
formance indicators are present in official records
which are the internal sources of data.

In this work we suggest to consider the web as an
external data source for performance measurement.
Business processes of HEE find their reflection on
the Internet. Different web-sites contain information
related to the outcomes of universities work. Our
goal is designing of monitoring system which can
retrieve the web pages that are defined as data
sources and to extract the data on KPI from them.

The rest of this paper is organized in the follow-
ing way. Section 2 describes existing approaches of
performance measurement and introduces perfor-
mance measures in higher education. Section 3 out-
lines the main problems of web-based monitoring
and their possible solutions. The agent realization of
suggested framework is presented in section 4. The
possible domain of experiments and prospects are
given in section 5.

Il. Performance measurement in higher edu-
cation establishment

Performance measurement is an object of study
in economy, project management and technical sci-
ences. The formalization of this notion depends on
particular model of enterprise management.

The most widespread approach for today in per-
formance measurement is balanced scorecard (BSC)
usage [7]. BSC allow translation of organization
strategy into definite goals, tasks and indicators. It
provides a powerful tool for performance measure-
ment and control.

Another approach is Six Sigma strategy for busi-
ness processes management [5]. It provides tools for
performance reporting. According to Six Sigma KPI
must reflect business processes behavior and must
be measured, controlled, analyzed and improved.
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Often when the object of research is service
business, performance is associated with customers’
satisfaction. In this case such approaches as GAP
analysis [10], CSI (Customer Satisfaction Index)
[17], benchmarking [16], and SERVQUAL tech-
nique [9] can be applied. All of them introduce
some indicators for assessment of satisfaction of
services’ consumers.

These approaches have found their application in
performance measurement in higher education [3].
Summing up we can say that all the approaches
don’t emphasize on the sources of data necessary to
form the values of KPI. Therefore they don’t con-
sider methods for such data retrieval.

Possible performance measures suitable for uni-
versities include financial performance, research
performance, teaching performance, community
service performance [4]. We suggest to use the fol-
lowing performance measures for higher education
domain taken from the general model of perfor-
mance measurement in service business [14]. Uni-
versity business performance can be considered as
from the four aspects: customers, finances and mar-
ket, business processes and human resources.

Customers as stakeholders of HEE are represent-
ed by student (or graduates), government and socie-
ty [2]. From students’ point of view performance of
HEE is expressed through their level of satisfaction.
The attributes of their relation to obtained education
show themselves on personal web-sites, blogs, so-
cial networks. Government is interested in keeping
the balance of man power in economy, i.e. there
should be neither shortage nor abundance of special-
ists of particular profession on the labor market. All
KPI from the point of view of public authorities can
be found easier in official statistics, than on the web.
Society joins simply all people and enterprises. Cor-
porate web-sites or sites of some business-projects
may contain information about their employees and
participants, which reflects the performance of HEE.
For instance, information about some common pro-
jects between university and some enterprise indi-
cates the achievements of HEE management.

Financial aspect of performance measurement
takes into account financial characteristics (like re-
turn on equity, return on investment) and marketing
indicators (such as market share, percent of new
services on the market). Some of this KPI may be
present on the web pages with the news, statistical
reviews or marketing researches.

Among key business processes in HEE we can
distinguish educational, research and methodical
processes. Educational process is the basic one and
its characteristics can be found on the Internet. Re-
search business-processes are connected with organ-
ization of conferences, approbation of research re-
sults at conferences, publication of papers and mon-

ographs, membership in scientific communities, par-
ticipation in research projects. All these activities
are highlighted on the web on corresponding web-
sites. Methodical business process deals with pro-
duction of courseware and materials that can be use-
ful for wide readership. The existence of such litera-
ture and information about its authors has an image
on the web on review web-sites.

When considering human resources as perfor-
mance measure we take into account turnover rates,
suggestion rates and employees satisfaction. Data on
corresponding KPI can be found in social networks,
blogs, news and so on.

So it can be noticed that business processes of
university can be evaluated through KPI and are re-
flected on the web. In this work we suggest to
measure performance of HEE within web-based
monitoring framework which will link KPI and data
stored on the Internet.

I11. Problems of web-based monitoring

The sources of data for web-based monitoring
are distributed over web pages of different types. As
it was discussed previously necessary data on KPI is
concealed on the personal web-sites, web pages of
social networks, blogs, conferences and journals,
abstract databases, news, universities, business pro-
jects and corporative web-sites.

The goal of suggested web-based monitoring
framework is finding of possible sources of data on
KPI, retrieving these data and its processing for de-
fining values of KPI (fig. 1).

The input for such system is determined by HEE
business processes in the form of KPI. Depending
on the management goals and management prob-
lems to be solved different KPI can be considered in
different situations. Therefore the suggested frame-
work represents a dynamic model of monitoring
process.

Measurement Model provides statistical methods
for calculation of values of KPI. Model of Sources
specifies web pages that can be treated as sources of
data on KPI, since initially they are not known. Fur-
ther these sources are used as seed URLs for crawl-
ing process. A Crawler is tool for Internet browsing
and collection of all web pages for their further in-
dexing. The task of Clustering Model is diversifica-
tion of collected web pages and grouping those of
them that contain necessary data on KPI. Infor-
mation Retrieval (IR) Model provides techniques for
extraction of these data and their preliminary pro-
cessing to be the input of measurement model.
Evaluation component provides background data on
the efficiency of crawling and IR process, accuracy
of clustering.

So the monitoring process is composed of four
stages: defining of sources for monitoring, finding
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the necessary data starting with those sources, re-
trieval of these data and its processing. All of these
problems have to be formally modeled and solved
based on information retrieval and statistical tech-
niques.
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Fig. 1. Web-based monitoring framework

Since Model of Sources must provide a limited
set of web pages that should be further used as seed
URLs for web crawling, we assume that the process
of such set construction requires experts’ participa-
tion. An expert is a representative of HEE manage-
ment who sets PMI and understands business pro-
cesses. An expert must help to determine possible
sources for monitoring of KPI. In this case we deal
with topical information retrieval problem, which
means that initially expert cannot formulate the cor-
rect and full request. That’s why in the process of IR
expert clarifies his request and obtains more and
more improved responses from IR Model. Such type
of problem is known as topical information retriev-
al. The possible methods to solve this problem in-
clude HITS, SALSA algorithms and others [6].

A Crawler must provide continuous and distrib-
uted searching of new web pages starting with the
given initial pages. Web crawling algorithms are
oriented on optimization of crawling by means of
cutting off the paths of web graph which are found
to be non-relevant. Among them we can name Fish
search, Shark search, Context Graph search, Pag-
eRank and others [8].

Clustering Model is based on flat and hierar-
chical clustering methods [6]. Its goal is to throw
away all noise web pages and to form the set of tar-

geted pages with the data on KPI. Clustering meth-
ods include algorithms based on TF-IDF measure,
latent semantic indexing, topic models, Bayesian
and support vector machines techniques [6, 1].

IR Model is based on XML retrieval and web
scrapping methods [6, 15]. It must implement the
procedure of extraction of necessary data from the
definite web page for further processing. The relia-
bility and validity of such data must be checked.

Evaluation Model combines measures of effec-
tiveness of web crawling, clustering, XML retrieval
and generally IR process. For example, precision,
recall, NDCG (normalized discounted cumulative
gain) estimates reflect the efficiency [6]. This in-
formation is needed for internal self-assessment of
web-based monitoring framework. It can be used for
system adjustment.

Measurement Model provides processing of sta-
tistical data on KPI. In fact we are talking about the
latent variable models and estimation of their pa-
rameters. Such models include factor analysis model
and its extensions [13], Item Response theory mod-
els [12], Bayesian network models [11] and others.

Generally the models that form the basis of mon-
itoring framework incorporate extremely intelligent
methods and algorithms. Their execution in contin-
uously changing environment imposes constraints
on realization of corresponding models.

IV. Multi-agent implementation of web-based
monitoring framework

We suggest to use the concept of agent as an in-
telligent software entity to implement models of
web-based monitoring framework. The multi-agent
architecture of web-based monitoring system relies
on the work of the set of agents that communicate
via agent communication protocol and use the
common knowledge base and ontology (fig. 2).

Topical search agent implements the Model of
Sources and provides interactive procedure for topi-
cal IR. The work of crawlers is organized in parallel
to make the web crawling process more distributed
and efficient. Clustering and web scrapping agents
are responsible for Clustering and IR Models im-
plementation correspondingly and work with the
common database. Measurement agent realizes sta-
tistical algorithms of KPI values estimation. Evalua-
tion agent is used by agent management system to
assess its work.

Such architecture is targeted at continuous col-
lection and processing of data from the web. Such
intelligent features as autonomy, interactivity, pro-
activity, ability to cooperate and to learn are sup-
posed to help in realization of intelligent system of
web-based monitoring.

153



Science and Education a New Dimension: Natural and Technical Science. Vol. 8, 2013

Topical search Crawler

Expert agent agent1
interaction | | T 7 [Clusten .
component easuremen ustering '
agent agent :

Evaluation | | Web scrapping Crawler

agent agent agentN

Agents communication protocol

I I
Knowledge

base

Ontology

Database

Agent management system

Fig. 2. Multi-agent architecture of web-based monitoring
system

V. Discussion and future work

In our work we suggest measure the performance
of research business process in HEE. The general
tendencies in the development and organization of
scientific work are actuated by university manage-
ment. Therefore to build the right policy in this area
management needs to estimate the results of re-
search work, i.e. its performance. The scientific
work of the whole HEE is expressed through the
achievements of separate scientists working in it.
KPI of research work may include the activities of
HEE’s employees in participation in conferences
and their organization, efforts to publish their works
in journals, membership in scientific communities,
and participation in collaborative projects with busi-
ness and government.

The Model of Sources must help a representative
of HEE management (expert) to define possible
sources of data for further crawling. Topical IR pre-
supposes that initially the request of an expert may

be “research performance indicators” and after itera-
tive procedure of bounding of the set of possible
sources an expert may choose for instance the web
pages of conferences, abstract databases, and scien-
tific societies. The Crawler uses those pages for web
crawling and their clustering based on Clustering
Model. After this only web pages containing useful
information are processed by IR Model. For exam-
ple, if we would like to estimate the activities of
HEE scientists in conferences organization, we take
as a seed URL a conference web page. A crawler re-
trieves all pages that it links to. And after applica-
tion of algorithms of Clustering Model we get pages
with program committees. IR Model extracts from
program committee web page number of scientists
with specified affiliation and Measurement Model
provides the calculation of the corresponding KPI.

The challenges in constructing the described
web-based monitoring system are caused by issues
in implementation of each model. Topical IR under-
lying the Model of Sources requires efficient meth-
ods of relevance estimation of response web pages
on each iteration of interaction with an expert. The
choice of web crawling algorithm must be substan-
tiated on the estimates of its performance compared
to others. The clustering accuracy influences the
probability to miss the useful web page. Web scrap-
ping algorithms make challenge to unstructured data
on the web. Finally, processing of data by Meas-
urement Model requires estimation of reliability of
obtained values of KPI.

The given work represents the idea of measure-
ment of performance of HEE functioning based on
data sources from the web. The suggested web-
based monitoring framework for performance meas-
urement introduces particular models to be realized.
Implementation issues of each model mentioned
above form the future work of current research.
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Yepeauuuenko O.10., fAAuroaenxo O.B.
Mojaenn BeG-OpHETHPOBAHHOTO0 MOHMTOPHMHIA /ISl OLICHHBAHUS NMPOM3BOJMTEILHOCTH B cepe BbiciIero odpa-
30BaHUs
AnHoTanus: J[aHHas paboTa MpeacTaBiIsAeT MOJENb BeO-OPHEHTHPOBAHHOTO MOHUTOPHHTA [UISl N3MEPEHNUS KITFOUEBbBIX
MHIUKATOPOB 3 (HEeKTUBHOCTH (PYHKIIMOHUPOBAHUS BBICLIETO y4eOHOTro 3aBefeHus. [IpeuioxkeHo paccMaTpuBaTh BeO-
MIPOCTPAHCTBO B KaUEeCTBE BHEIIIHETO MCTOYHUKA JAHHBIX AJIS HAXOXKACHUS 3HAYCHUIN BBICOKOYPOBHEBBIX MHIUKATOPOB
MIPOM3BOJIUTENBHOCTH PabOThl yHHBepcuTeTa. B paboTe mNpeacTaBlIeHbl MOJENH, COCTABIIONIME OCHOBY BeO-
OpUEHTHPOBAHHOTO MOHUTOPHMHIA, U ONHCAHBI UX IEead M HasHaueHHe. C MOMOIIBI0 MOJEIH HCTOYHHUKOB IAHHBIX
OIIPEIETSIOTCS BEO-CTPaHMIIbI, KOTOPbIE HUCIOIb3YIOTCS BEO-KpayJiepOM B KaueCTBE CTAPTOBBIX CTPAHHIL JJIS ITOHCKA.
Mopgenps KiIacTepu3aliy MO3BOJISIET OTCOPTHPOBATh COOpaHHBIE CTPAHMIBI M MOJIYYUTh MHOMKECTBO CTPAHHII, COAEP-
KaIAX HEOOXOoAWMBbIC NaHHbIE. MoJenb W3BICUCHUS] NHPOPMAIMN TIPEJOCTABISIET aITOPUTMBI U W3BJICUYEHUS THUX
JTAHHBIX M MX MEPBHYHYI0 00paboTKy. Mozenb u3MepeHHi MpeJoCTaBIIeT CTATUCTHUECKUE METOIBI ISl pacueTa 3Ha-
YEHUH MHIUKATOPOB HA OCHOBE M3BJICUCHHBIX NaHHBIX. OIEHOYHBIH KOMIIOHEHT HCIIOJIB3YETCs Il 0OpabOTKH BCIIO-
MOTaTeNbHbIX JaHHBIX, Kacarommxcs 3((eKTuBHOCTH paboThl BeO-Kpaynepa W MHPOPMAIIMOHHOTO MOWCKA B IEJIOM,
TOYHOCTH KJIACTEPU3alMH, & TAKXKEC HAJEKHOCTH M BAJTMIHOCTH IOJYICHHBIX PE3yabTaTOB. [l peann3anuu mpeio-
KEHHOI Mozenn BeO-OpUEeHTUPOBAHHOTO MOHHMTOPHMHTIA IMPEJIOKEHA MYJbTH-areHTHAs apXUTEKTypa MH(POPMAaIHOH-
HoM cuctembl. CorilacHO Helt KakJJoH MOJAEIH COOTBETCTBYET NMPOrpaMMHBIN areHT. ATeHTHl B3aUMOJICHCTBYIOT C I1O-
MOIIBbI0 KOMMYHUKAIIHOHHOT'O MTPOTOKOJA U ()YHKIIMOHUPYIOT B COOTBETCTBUH CO 3HAHUSMH, NPEJICTABICHHBIMUA OHTO-
sorueil u 6a3oit 3HaHUH.

KiroueBble c10Ba: n3MepeHe NPON3BOAUTENFHOCTH, BBICIIEE 00pa3oBaHNe, BeO-OpUEeHTHPOBAHHBIN MOHUTOPHHT,
MOUCK MHpOpMaIUU
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