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The main goal of this paper is to discuss the rebean heuristic evaluation of
visualization in the semantic search of economfiarmation. It is already the fourth
experiment with participants. This time in the @®sé we used two applications
built in Protégé 4.1: for analysis of Return ondstment (ROI) indicator according
to Du Pont model and for multidimensional early mmag system. In the article we
briefly described semantic networks as visual fat¥ and premises of conducted
study. Then we analysed and compared results geteaperiments. Finally, we
presented conclusions.
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1. Introduction

Issues of information search based on semantic anktwechnologies is
a subject of many studies and concerns varioudsfidee inter alia [1]; [2]; [16],
[18], [19]). In this approach special attentiorpad on the role of the visualization
of a semantic network which is not only a tool fsesenting data, but also pro-
vides an interface allowing interactive visual skarg information (see inter alia
[2], [8], [16]). The combination of data visualigat in the form of semantic web
and personal navigation can become an effectiveetfitient tool to perform vari-
ous analyses, including economic data. The interfaaclescribed as good because



it has the proper presentation and efficient ndiogaallowing users to quickly
access the information they need. (see: [9]). Usedentation of data has a major
impact on the way in which for example decision—arakinterpret the data and
assess the usefulness of the system. For userxdbentation layer is the most
critical element of information and analytical rstbecause it largely shapes the
understanding of the basic data on the computeesc(see: [17]).

Our research concentrates on the usage of vistializaethods in searching
information basing on semantic netwotk. this article we discuss four experi-
ments from research on evaluation of visualizatiothe semantic search of eco-
nomic information. The paper is structured as fefioin the next section we pre-
sent shortly semantic networks as a visual intetfé section 3, assumptions of
the experiments and the analysis of the resultseftesearch and conclusions are
described. Finally, in the last section we givaiamary of this work and indicate
future research prospects.

2. Semantic networks as a visual interface

One of ideas of collecting and searching datamsasgic network, which be-
sides the data themselves contains also informatiomelations between them,
which are encoded in text format (as a metadatagrd are many open formats of
metadata. These are inter alia computer languagesalled web ontology lan-
guages, such as XML, RDF, OWL i SPARQ basing ominadianguage (see [7];
[16]). The basis of creating semantic network igk&d out ontology that defines
objects from some field of knowledge and relatibasveen them. In this approach
the special attention is paid on the role of theualization of a semantic network
which is not only a tool for presenting data, bisbgprovides an interface allowing
interactive visual searching information (see iraika [8], [16]).

In semantic search visualization is essentialf abaws users to easier notice
and understand various both semantic and struati@@éndences between topics.
Basing on displayed semantic structure of topict ipossible to interactively
choose analyzed topics or relations, changing ar@aesented details and obtain-
ing source data. As empiric research carried o .lfyalconer indicates, visualiza-
tion enhances understanding ontology, making usster realize conceptual tasks
requiring understanding and describing semantadicular topic [6].

Interactive visualisation allows to actively inckudiser in process of finding
information, enabling him to build more accurateeiies for specific set (see
[13, p. 316]) and facilitating noticing relationstiveen analyzed data. Presentation
of data with the use of graphic method supportevative look at them by user
(i.e. decision —makers), allowing him to formula&w hypotheses and their valida-
tion. Such approach to visualization of informatiegarch is promising solution,
because graphical methods and techniques can seceftectiveness of used au-
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tomated exploration data methods by using perceptod user's general
knowledge [10, p. 1767]). Visual information seambnsists in using graphic
methods, allowing interactive browsing, analyzimgl abtaining needed data with
user’s active participation.

Using ontologies and semantic networks for visugkrface supporting
information search in information-analytic tools ynaolve following solutions
[2, p. 216]:

« lack of support in defining business rules for iggtproactive information and
consulting in the process of decision making;

» lack of semantic layer describing relations betwdifflerent economic topics;

e lack of support in in presenting information on @act of different users

(employees) and their individual needs;

« difficulty in fast modification of existing databes and data factories in the
enterprise in case of new analytic requirements.

Information search based on semantic network requirse of advances graphic
interfaces, in which visual navigation in order dbtain needed information is
essential.

3. Usability of visualization in the semantic seafting economic information —
research design

3.1. Assumptions of the research

The aim of the research is inter alia to verify tsability of visualization in
the semantic searching economic information iretieysis of economic ratios.

In this article we concentrated on discussing fexperiments, which used
two applications built in Protégé 4.1: for analysfsReturn on Investment (ROI)
indicator according to Du Pont model and for mitieinsional early warning sys-
tem (MEWS). The applications created for built dogges differ in scale of solu-
tion, which is important in verifying the usageT¥ as a visual tool in searching
information on account of semantic connectionscdse of the ontology for ROI
indicator 44 topics, 6 taxonomic classes with fetatof Subclass-Of type and
13 binary relations, whereas in the ontology for early warning system
142 topics, 23 classes with relation of Subclasgypé and 20 binary relations
were defined.

Study on evaluation of semantic network visual@atin information search
on account of contextual dependences was condusied OntoGraf module in
program Protégé 4.1 beta. The aim of module Onto®raich turned out to be
sufficient to carry out the initial research, wasverify the usefulness of visual
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semantic network in searching economical infornmatibat is contextually con-
nected.

In literature many methods of research and evanaif human-computer in-
teraction are described (see inter alia [14]; [1Bhe research of a prototype can be
conducted with the experts’ participation (e.g. istic evaluation of user inter-
face) and/or users (e.g. user testing, usabilgiirtg, eye tracking). It was decided
to carry out a research with the participation sérs. In the all of four experiments
of the heuristic evaluation of visualization in sgBng economic information we
applied a combination of two methods of evaluatimggrface enabling human-
computer interaction, that is heuristic evaluateord usability tests. In literature
there are described many procedures using thedeodwetThe research with the
use of these two methods is realized accordindhéofollowing plan (see also
[2, pp. 177-178]):

1. Creating test task for the usability testing andsgionnaire of heuristic evalua-
tion.
2. Study with participation of users:
2.1. Selection of research participants.
2.2. Carrying out study.
3. Data analysis on account of the following critegpn
correctness of performing tasks,
evaluation of easiness of finding information,
evaluation of interface usability,
identification of potential difficulties connected with used human-
computer interaction.
4. Discussion of results and conclusions.

Presented procedure contains both tasks to berpexdoby research participants
and heuristic evaluation of visual searching infation. All four experiments were
conducted according to this plan, but they differed

O application, that was used by participants duringys

O the tasks to be performed (without changing thaecdrof implementation),

O time and content of training provided prior to tkalization of commands.

In the first three experiments the duration of itlieoduction to performing tasks
by participants was similar (about 20-30 minutési, the introduction differed in
content. The observation of users during the fist and analysis of the realization
of usability tests caused a madification of tragnend used vocabulary before the
next experiments. The second experiment was relaugh lower number of
participants, because it was to be preparationtter experiment 3, in which
participants were using more complex applicationtte ontology for an early
warning system. This research was to answer thgtignenvhether the training was
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substantially well prepared and whether modifiagatsb phrasing in tasks improved

finding correct information.
Analysis of the data from the previous three experits resulted (described

in [2]) in the making the following assumptions tbe experiment no. 4:

0 each participant performs firstly tasks using tppli@ation for the ROI indica-
tor, then the MEWS;

0 knowledge of the participants differ in terms ofttbaise of information sys-
tems and economics;

O introduction to the study takes about 10-15 minwed it mainly discusses
issues related to Protégé 4.1 beta (as in expetrinweri);

O participants receive a prepared help on a paperid#éntical as in experiment
no. 2 and no. 3).

Such realization of four experiments resulted fribve proposed research method
(see [2]; [4]) and the model proposed by E. Bran(gee [5]). These studies enable
to identify users' needs precisely and may coneibio the development of
innovations. The important element of the experimerare elaborated
questionnaires.

3.2. Scope of questionnaires

According to the presented research plan, the fitep was to develop
questionnaires covering tasks to be performed usireg application for the
ontology of ROI indicator and for MEWS ontology wasll as heuristic evaluation
of the applied interface. To create them we usedcttnclusions from previous
experiments. In the present study the structuggiegtionnaire is as follows:

* Part no. 1. User profile significantly expanded paned to experiment no. 1.
In addition to questions related to personal dhere were also questions con-
cerning used computer equipment.

e Part no. 2. Tasks to be performed in applicatiorROI indicator. That part of
guestionnaire consists of list of commands, whardysparticipant records re-
sponses —found information. Furthermore in eadhttasre is a table, in which
after the execution of instruction the participamaluates the difficulty of find-
ing information. In the questionnaire five-gradelecwas usedvery easily
(quickly), easily (quickly) average, hard (long)very hard (long. In case of
study on application for ROI indicator, the sixkawere formulated, where
several tasks are identical (as to the contextraadner of performance) with
instructions from experiment no. 1 and no. 2.

» Part no. 3. Tasks to be performed in applicatiorM&WS. Same as in part 2,
the commands were placed but in this case witlotiapplication for ontology
MEWS and assessment of ease of finding informafitiere are 7 tasks, most
of them repeated questionnaire from experimen8no.
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e Part no. 4. Criteria of an interface evaluationisTfhagment of questionnaire is
identical as part 2 in the experiments no. 1, nan@ no. 3. There were used
four criteria for assessment. Each of these ooiteriis assessed by a user ac-
cording to five-grade scale, i.énighly satisfactorysatisfactory average un-
satisfactoryand very unsatisfactory

« Part no. 5. List of potential problems. This pdrtlee questionnaire concerns
identification and evaluation of potential diffitiels in using the system. This
part of the questionnaire is identical as in pairt ge experiment no 3, which
differs by one additional position in relation teetexperiment no. 1 and no. 2.
Participants of the research choose one of theviollg answersno problem
a small probleman important problem

The data obtained from the questionnaires usebarexperiments can be divided

in four main groups that concern:

correctness of performing tasks,

evaluation of easiness of finding information,

evaluation of interface usability,

identification of potential difficulties connectedvith used human-computer

interaction.

Additionally in the experiment no. 4 the data migbtanalyze due to the profile of

the participants involved in study e.g. their knesde, gender, owned computer
hardware.

Oooodg

3.3. Participants of the research

After the development of questionnaires the resewmas carried out. In the
research (experiment no. 1, experiment no. 2 apdrerent no. 3) potential users
of topic maps participated. The selection of theiggants cannot be random, as
they are to fulfil a double role. The first onedsbe a typical user, performing spe-
cific tasks in a topic map application for ontoloigylicators (research using the
usability testing technique). The second role ibe¢can expert evaluating the usa-
bility of applied interface (research using heurigtvaluation of user interface).
None of them either searched information basinghenvisualization of ontology
before or was familiar with the program Protégé.

In the first research 42 persons aged from 23 tge2®s, who had various ex-
perience and knowledge concerning economy and sinad§ economic indicators
as well as systems and information technology, hatith only computer educa-
tion, computer science and econometrics educatioconomic education or non-
computer education, took part.

In the second and the third research 14 and 4@p&reespectively, took part.
In these two experiments the participants were 2@@ars old and had similar
knowledge both of economic terms and computer syst&or the comparison and
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verification of the results of this study we hawecidled to conduct two tests for
two different TM applications.

In the fourth research 41 persons aged from 2Ftgears, who had various
experience and knowledge concerning economy anlysimaf economic indica-
tors as well as systems and information technol@gyilarly as in the first re-
search). In addition, they indicated in the questare whether their current inter-
est is more toward information technology issuesnemic or both. Among those
with informatics secondary education three peoptcated information technolo-
gy and one - both. In the case of economic-infoicaasecondary education all
(100%) highlighted: information technology and emomc issues. However, the
greatest diversity was among those included irgtbap of non-informatics educa-
tion (mainly economic education in this group), wheconomic issues indicated
four people, information technology issues choseelpeople, and the same num-
ber chose both, while one person answeleid 'hot know.

3.4. Analysis of the results

In the present paper we will focus on analyzing tesults of the fourth
experiment in comparison with previous studies eomiag:
O evaluation of interface usability,
O identification of potential difficulties connectedavith used human-computer
interaction.

Introduction to the experiment no. 4 took aboutl®0minutes, during which we
mainly discussed issues related to Protégé 4.1(astim experiment no. 1). In this
study each participant firstly performed tasks gsihe application for the ROI
indicator, and then the MEWS. Although the appiaatfor the ROI indicator is
smaller and as such theoretically easier than tBE&V®, success rate of the task
was significantly smaller. In the case of the aggilon for the ROI indicator the
correct performance of 6 tasks (which consisteafehing for proper information)
is shaped in the range of 32% to 95%. HowevertHerapplication for MEWS,
where participants performed seven tasks, is irdhge of 90% to 100% (results
of this part of the experiment no.4 described ). [Bnalysis of these data allows
to tell that only minimal use of the Semantic Webualization, without time-
consuming long training is sufficient to understane idea of action as a semantic
network visualization interface.

In Appendix Table 1 there is data obtained fromrtwearch carried out so far
(experiment no. 1, experiment no. 2, experiment3nand experiment no. 4). In the
columns percentages were calculated for the fatigwumber of research participants:
1) N=42 - experimentno.1;

2) N=14 - experimentno. 2;
3) N=46 - experimentno. 3,
4) N=41 - experimentno. 4.
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Data presented in the table shows that compaririget@xperiment no. 1, in
the other three experiments visual information cleavas much better evaluated.
Setting about the second and the third experimergs;hanged only the wording
of the tasks (without changing their difficulty) cathe content of training for par-
ticipants that preceded the realization of theg4a3kese changes were the conse-
guence of both the results obtained from the fest and observing participants
performing tasks. The number of participation ia #xperiment no. 2 was smaller
than other experiments, because the main aim ®télkt was verification of prepa-
ration of the content of training.

Although in the experiment no. 4, there was theesartroduction to the tasks
as in the experiment no. 1, but the user ratingsrarch better (comparable to the
experiment no 2 and no. 3). Providing a short Iseful help on the handout could
have significant importance for faster understagdihthe functionality of the tool.

In conclusion, except for the first experiment,tiggvants much better evalu-
ated adopted solution according to the first tlor@eria. For these three criteria the
dominant mark is satisfactory. Looking at this daiethe Table 1, this is important
information, that there is very small percentagaedative marksunsatisfactory
andvery unsatisfactoryThree conclusions result from this data. Firsthe pro-
posed way of searching for information can be aulissolution for decision-
makers carrying out an analysis of economic rat®econdly, we should focus
more on preparing better content of training. Tigirdiser relatively quickly and
easily learns the idea of information search basedisualization of semantic net-
work.

In Appendix Table 2 the data concerning identifmabof potential difficulties
connected to human-computer interaction is predefitinitial analysis confirms
conclusions formulated basing on the analysis efkdita contained in Table 1. The
modification of only the training and wording ofsks (they were clearer for re-
search participants) significantly improved theleadon of potential difficulties.
In case of experiment no. 1 for four difficultiase( no. 1, no. 2, no. 3 and no. 4)
the dominant answer:ia small problemwhereas in case of experiment no. 2 in all
seven difficulties considerably dominant answengsproblem In case of the third
and fourth experiments only for two difficultieso(n2 and no. 3) there is similar
number of marksio problemand marks small problemin the other five difficul-
ties (no. 1, no. 4, no. 5, no. 6 and no.7) the damti answer isno problem In the
experiment no. 3 and no. 4 an additional questiothé questionnaire was intro-
duced (no. 8). The dominant response in both exygaris isa small problem

Summing up, we can make the same conclusion as thienprevious table.
Participants of the second, the third and the Fosttidies evaluated interface much
better than participants of the first study. Reswlbtained from the research are
quite promising in the context of using visualipatin the semantic searching eco-
nomic information to present knowledge on econamtlicators.
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4. Conclusions and future work

In this article we discussed the results of theaesh on heuristic evaluation
of the visualization in the semantic searchinggioonomic information. We shortly
described the proposed research method. We preseteesearch carried out and
discussed the obtained results. An attention shioelgaid to the fact that in spite
of the fact that in the experiment no. 4 we adoptedle not to explain to partici-
pants of the study how to search for informatioimgishe Semantic Web visualiza-
tion, in a relatively short period of time they §dovered" the idea of that interface.
Also in the context of the assumptions, the resafithe study: evaluation of inter-
face usability and potential difficulties connecigith used human-computer inter-
action are optimistic.

In the research we used heuristic methods of etialuaf human-computer
interaction. Obtained data are presented in tategining percentages of given
event. In this research it is essential to get answo the following questions:

O is it possible to use visualization in the semastarch of economic infor-
mation as a useful interface in information systéonsnanagers;

O how much time is needed to teach users of systemseéovisualization of
semantic network as interface for searching neededomic information;

O what should be the scope of training to minimimgetneeded to teach users to
use visualization of semantic network.

The essential factors of carried out experimendsirger alia: economic and com-
puter knowledge and experience, duration of trgiramd its content. Therefore
analysis of obtained data from these experimeniisbeicontinued - multidimen-

sional analysis with the use of statistical measwuridl be carried out.

The research will be continued in order to verifg treating of the ontology
in formal and substantive respect, by testing exkadpplications. At present
research on evaluation of visualization in the g@iasearching for economic
information will be conducted within the projeckloM (described in: [11]; [12]).
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Appendix

Table 1. The heuristic evaluation of the visualization imus#ing for economic

information in economic analysis indicators

Breakdown of accomplishment of tasks (4

Scale of usability

The criteria for assessmen interface evaluation Test1 Test 2 Test3| Test4
N =42 N=14 | N=46| N=41
highly satisfactory 17 0 4 5
satisfactor 29 71 59 49
A. How would you ratethe y
system in terms of visl| average 31 29 35 37
clarity?
unsatisfactory 21 0 2 7
very unsatisfactory 2 0 0 2
highly satisfactory 7 21 15 12
B. How would you rate th| satisfactory 33 43 52 56
system in terms of its funf-
tionaity (in the context o &verage 14 29 33 27
searching information)? unsatisfactory 40 7 0 5
very unsatisfactory 5 0 0 0
highly satisfactory 10 0 9 15
C. How would you rate th satisfactory 33 79 54 39
sygtem in terms of flexilty average 31 21 35 27
of its structure and the presgn-
tation of information? unsatisfactory 26 0 2 19
very unsatisfactory 0 0 0 0
highly satisfactory 7 7 9 17
D. How would you rate th|Satisfactory 36 86 46 34
way of searching infonation
that bases on the visualin| 2v o 29¢ 24 ! 43 44
of semantic network? unsatisfactory 33 0 2 5
very unsatisfactory 0 0 0 0
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Table 2. The evaluation of the potential problems with tisage of the visualization
of the semantic network in searching for economicrimation

Breakdown of accomplishment of tasks (4
. Scale of the proble
The list of the problems evaluaticF))n Test 1 Test2 | Test3| Test4
N =42 N=14 [ N=46| N=41
no problem 33 79 70 71
1. Understanding how to
navigate the OntoGraf a small problem 57 21 28 22
an important problerp 10 0 2 7
no problem 38 64 46 44
2. Understanding how to
execute tasks a small problem 55 36 52 49
an important problelp 7 0 2 7
3. Understanding the relatior "0 problem 26 14 48 46
between information on the I bl
screen and the executed opef"l Small probiem o7 79 48 49
ation an important probleh 17 7 4 5
no problem 26 57 72 54
4, F_lndlng necessary infor- a small problem 60 43 24 39
mation
an important problerp 14 0 4 17
no problem 45 57 65 44
5. The difficulty in reading | 5 small problem 43 29 33 39
information on the screen
an important problen 12 14 2 17
no problem 60 64 67 73
6. Too many colors on the a small problem 24 29 28 17
screen
an important problerp 17 7 4 10
) | no problem 55 71 70 63
7. The necessity to memorizp
too much information during| a small problem 36 29 30 32
execution of the task -
an important problerp 10 0 0 5
no problem - --- 37 37
8. Understanding names of
relations between topics a small problem 54 39
an important problemp --- 9 24
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