
Abstract—The  article  presents  process  of  data  acquisition

and  detection  of  pattern  in  the  way  of  perceiving  economic

data. For this purpose, results of eye tracking study were used

to  obtain  information  on  how  data  are  analyzed  by  SME

managers  in  accordance  with  their  level  of  economic  and

financial knowledge.  As a result, information was derived on

viewing patterns allowing for generation of sequence patterns.

Research results will  help design a mechanism for intelligent

interpretation of economic information in Business Intelligence

systems.

I. INTRODUCTION

NALYSIS of a manager’s eye movements during the

time of reading financial reports constitutes one of the

new areas of research. The objective is to identify perception

processes,  both  overt  and  covert,  for  a  participant’s

consciousness.  Making  eye  movements  in  analysis  and

decision  systems,  as  studies  have shown [1],  can  play  an

active role in decision-making [2]. Eye tracking allows for

very  precise  time  measurement  of  perceiving  data,  for

carrying  out  an  operation  and  reaching  a  decision,  which

would  not  have  been  possible  with  other  traditional

methods.

A

Studies show that a significant proportion of managers of

small  and  medium-sized  enterprises  (SMEs)  have  no

background  knowledge  and  qualification  in  economics

making it difficult  for  them, on the one hand,  to conduct

correct data analysis and financial reports and, on the other,

to  make  complete  use  of  the  many  features  and  services

available in decision support systems [3]. Universal, "made-

to-measure" solutions prevent adaptation of system interface

to  the  level  of  knowledge,  skills  and  qualifications  of

a SMEs  manager.  Effectiveness  of  decision-making  is

impaired by lack of financial  analysts in SMEs as well as

lack of sufficient funds to cover the high costs of continuous

business  consultation.  Their  decisions,  managers  in SMEs

need  systemic  support  based  on  data  from  transactional

systems.  By  processing  these  data,  applying  financial

analysis  tools  help  in  the  preparation  of  decision  support

projects.  Advancement  in  information  technology  has

provided an opportunity for managers to access diversified

information  stored  in  various  databases  and  Internet

resources.  Excessive  amounts  of  report  data  usually

generated  by  transactional  and  dedicated  decision  support

systems, among others, constitute a problem. When it comes

to  business  processes,  information  overload  significantly

reduces one’s ability to reach the right decision, in particular

in the case of SMEs.

The  aim  of  the  article  is  to  show  the  possibility  of

preparing  data  for  patterns  of  sequence  of  eye-glance,  or

patterns of manager’s analytical thinking using eye tracking

system. Due to inability to automate process of generating

data, it was necessary to find a solution that would make it

possible  to  prepare  them  beforehand.  The  article  will

describe  method  of  data  processing,  in  the  context  of

conducted  research.  These  data  could  be  assisted  built

ontologies relevant to managers in the knowledge areas of

economic  and  financial,  understood  as  formal  conceptual

layer specifications [2].

The structure of the article is as follows. The next section

of the article describes the study that led to the research data.

Another  point  is  devoted  to  the  possibility  of  generating

a sequence  of  looking  at  financial  reports.  Taking  into

account,  in  point  4,  the  description  of  how  to  obtain

sequence patterns achieved using data received. The article

concludes  with  a  summary  description  of  experiments,

showing the scope of planned research.

II.ANALYSIS OF FINANCIAL STATEMENT

Research  has  been  conducted  on  interpretation  of

financial  statements  with  the  aim  of  modeling  of  a

manager’s knowledge. The purpose of the experiment was

to examine perceptions of participants of different levels of

knowledge in the field of financial  reporting. Experienced

managers as well as beginner analysts - economics students,

took part in the study. During the experiment, attempt was

made to acquire information on perception of report through

the  eyes  of  participants,  as  well  as  expert’s  and  novice’s

patterns of observations.  The purpose of this study was to

use  this  information  in  modeling  a  manager’s  knowledge

profile,  specifying  sequences  and  relationships  in  how

appearance of presented reports is perceived.

The study, assumed that a manager uses business-oriented

software  (such  as  DSS/ERP/BI)  supported  by  financial

ontology, analytical models, and appropriate expertise.

In the experiment, participants were asked to evaluate an

enterprise’s  economic  and  financial  situation.  Case  study

consisted  of  financial  reports  and  adequate  ontology

prepared and made available to the participants.

The  experiment  started  with  an  analysis  of  an  internal

managerial  report  containing  widely  used  indicators  of

assessing  financial  situation,  namely:  liquidity  and
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profitability, debt, and turnover ratios. The most important

factor  directly  observed  by  participants  in  the  experiment

was  a  significant  increase  in  profitability  in  an  analyzed

period.

An  ontological  approach  for  conceptualization  of

knowledge  domain  models  was  adopted  in  the  study.

Development  of  ontology  for  selected  areas  of  economic

and  financial  knowledge  important  to  SME  manager

constitutes an important element. Ontologies are created by

experts in the area, with the consideration of acquisition of

hidden knowledge as a result of research using eye tracking,

for example in order to correctly explain profitability ratio, it

was  necessary  to  make  use  of  ontology  describing  the

concept of profitability, as presented in Figure 1.

Fig. 1. Ontology: view of profitability

Many  research  projects  show  that  an  ontology  of

economic  and  financial  indicators  aid  in  decision  making

[5]. It is important to note that there is no single universal

system of economic indicators that could be applied in all

organizations.  Besides,  a  lot  of  companies  use  varying

assessment models of business based on analysis of various

indicators.  Design  of  a  new  intelligent  interface,  the

ontological  approach,  was  augmented  by  eye  tracking

methods.  A  visual  presentation  of  knowledge  and  related

data available in DSS allows for quick access to economic

situation and for taking appropriate action [1]. The concepts

and analytical  operations  obtained  in  study were  matched

with the financial ontology available in the system.

A  balance  sheet  and  profit  and  loss  account  of  a  real

company were submitted for use in the research study. The

financial  statement  included  information  indicating

seemingly  positive  performance  of  the  case  company.

However,  in  the  periods  analyzed,  serious  problems

emerged as a result of debts. These problems should have

been  picked  up  by  an  analyst  as  threatening  the  loss  of

rationale behind going concern’s basic assumption, i.e. the

ability  to  function  without  threat  of  liquidation  in  the

foreseeable future.

The experiment  was  divided  into two phases.  The first

phase  was to assess  the overall  situation of  the company,

based  on  core  measures  and  indicators.  After  analyzing

reports, each participant had to synthetically rate the state of

company’s  assets  and  financial  situation  as  very  good,

satisfactory, or poor. In the second phase, participants had to

answer questions regarding financial indicators observed as

positive and negative, with a higher level of detail. Detailed

questions  covered  the  key  factors  contributing  to  the

development of the company, helping maintain its ability to

continue  its  operations.  Additionally,  the  purpose  of  this

phase  was  to  test  ability  to  monitor  adverse  financial

warnings which in many cases could have been concealed

by the positive results and other financial indicators. Finally,

participants  had  to  comment  on  positive  and  negative

aspects.

Data from experiments in the form of a log of operations

along with ontology were analyzed in order to explore and

produce  an  additional,  often  subconscious,  knowledge  on

the manager. To analyze the data, algorithms of data mining

and discovery sequential patterns were applied [7], however,

it was necessary to prepare data beforehand. 

III. GENERATE SEQUENCE USING EYE TRACKING

Two  concepts  are  important  in  order  to  analyze  eye

movement, namely:

 fixations, that is, focus of eye vision on a particular

item;

 saccades,  which  are  sequences  of  rapid  eye

movements between successive fixations. 

The points a manager focuses on can be identified based

on  the  duration  and  number  of  fixations.  In  general,  the

shorter  the time of  eye  fixation upon a specific  item, the

lesser significant the item is. The longer the time of fixation

on an analyzed element, the more significant the element is

in the process of perception [8].

Eye tracker  and  Gazepoint  programming software  were

used  for  the  experiment.  They  offer  high-performance,

affordable eye trackers to clients in all fields of applications

from academic  researchers  to  video  game developers  and

more.  This  allowed  for  recording  test  footage,  showing

subsequent  fixations  and  saccades  for  a  defined  research

problem. Exemplary report in the eye tracker software of the

case study is illustrated in Figure 2. This program offers us

an  opportunity  to  obtain  different  types  of  results  on  the

visual activity of the participant. A heat map and an inverted

heat  map  showing  aggregate  information  on  focusing  of

attention by the participant are some of these results that can

be distinguished. 

Numerous  eye  movements  may  be  analyzed  and

processed to produce a variety of reports. Logs of the user

operations provide detailed information on how information

is perceived on the screen, on the order in which the content

is viewed, and the length of time the eye is fixed on a given

point. After transformation of the data, information on how

a document was analyzed can be obtained.
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Fig. 2. Path of analysis financial statements

Fig. 3. Split report into areas
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Sequences,  presentation  of  a  scheme  of  analysis  of

financial statements played a key role in our study. As there

was no easy way to acquire expected information from the

system level,  processing of  data obtained  was,  arriving at

specific sequences with accuracy of reports fields.

Details of data obtained are presented in Figure 3. Each

report  contains  a given number  of  rows and columns.  As

a result  of  combination  of  these  data,  together  with  user

scanning  path,  a  sequence  was  obtained.  The  sequence

provides  information  on  method  of  analysis  of  SMEs

reports.

The software  provided  by the eye tracker  manufacturer

allows  for  recording  data  on  the  log,  with  details  on  the

recorded data. Figure 4 shows sample data that can be saved

as a file. This has been described in same way in software

documentation.

Among  all  the  data,  one  of  the  most  important  in  the

attempt at defining areas of interest (AOI) is the information

related to visual focus point, in relation to the X and Y axes.

As these data are written on a scale of 0 to 1 showing the

drawing,  it  is  necessary  to  reference  these  values  to

resolution of the screen on which the study was conducted.

In our case, it was 1680 x 1050 pixels for the X and Y axes,

respectively. As a result, for example, if a participant looked

closely at the center of the monitor, the data for both axes

was 0.5, that is 840 and 525. 

This  information  was  used  to  define  individual  report

fields  as  interest  areas,  where  for  each  of  them,  on

a proportional  basis,  a range of  0  to  1 was  calculated  for

both axes.  With the use of Excel and its functions IF, for

each position, formulas were created to return information

on  whether  a  fixation  described  by  log  values  is  within

defined AOI. Taking into account fixation number, duration

and whether or not, in the area in which it occurred, a clear

statement  with  a  view  of  financial  statement  called  the

viewing sequence has been made.

Figure  5  shows,  for  example,  generated  viewing

sequences for 5 different people. Numbers were assigned to

relevant item in the financial statements, giving unequivocal

information using numerical value:

 first - about the name of the report being analyzed;

 second and third - about the report line;

 fourth - about the report column.

Where  there  is  0  in  the  sequence,  it  means  that

a participant  was  not  looking  at  a  given  fixation  on  the

report, and his eyesight went beyond it. This may have been

the result of either searching for data not on the report, such

as  system time or  other  software,  or  of  fatigue,  stress  or

dissociation.  From  the  viewing  sequence,  it  is  hard  to

categorically pinpoint the cause, but testimony and recorded

facial  expression  are  helpful  here.  A  detailed  analysis  of

recordings will allow for more accurate identification of the

reasons of the eyes straying outside the reports.

IV. SEQUENTIAL PATTERNS

Given a set of sequences where each sequence consists of

a list of elements and each element consists of a set of items,

and given a user-specified min support threshold, sequential

pattern  mining  consists  of  finding  all  of  the  frequent

subsequences,  i.e.  subsequences  whose  occurrence  fre-

quency  in  the  set  of  sequences  is  no  less  than  min  sup-

port [6].

Identification of sequential patterns of operations requires

analysis of a database containing information about events

that  occurred  within  a  specified  period  of  time.  Many

methods used to detect sequential patterns have been applied

in  various  fields,  such  as  analysis  of  shopping  cart,

telecommunications, medicine, insurance banking, and Web

pages [7].

Pattern  recognition  of  analytical  thinking  may  be

performed using different  algorithms.  The choice  depends

on computational complexity as well as size of database. For

the purposes of the study, only the most useful algorithms

for detecting frequent sequential patterns will be examined.

The  idea  of  an  algorithm  for  discovering  sequential

patterns  of is well-known [9].  First, minimum support  for

the  occurrence  of  sequences  in  the  database  has  to  be

defined.  As  a  result,  the  algorithm  produces  in  the  first

iteration frequent 1-element sequences for a given minimum

support.  In  subsequent  iterations,  generating  a  candidate

sequence  uses  the  sequence  discovered  from  a  previous

iteration. If the support of the discovered sequence is greater

than  or  equal  to  predefined  level  of  occurrences,  the

algorithm again  generates  a  candidate  sequence  using  the

sequences  detected  in  the  previous  iteration.  Search

algorithm ends  when  there  are  no  more  candidates  or  no

common sequences.

Numerous  modifications  of  algorithms  to  discover

patterns  of  sequences  resulted  in  elimination of  identified

difficulties and improved the efficiency of data mining. This

is an example of data patterns conversion in the sequence

shown in Figure 6. Conversion is a modification of the eye

tracker  logs  arranged  for  fixation  at  a  certain  time.  This

made it possible to define occurrences at each AOI, which

were then used to detect sequential patterns.

By comparing a manager’s operations with the patterns of

expertise  and  the  domain  ontology,  the  system  is  in

a position to not only adapt the system interface to the level

of the manager’s knowledge, but also to identify “gaps” in

his or her knowledge and propose an appropriate manner of

economic  analysis  [10].  This  will  be  possible  using

algorithms that identify dependencies and correlations in the

way financial statements are analyzed. As a result, a detailed

analysis  of  conclusions  arrived  at  will  allow  for  patterns

generation and identify exceptions as well as their causes in

the  way  reports  are  perceived.  Pilot  studies  were  also

intended to provide  information  on opportunities  to apply

eye  tracking  tools  to  draw  conclusions  on  the  basis  of

sequential of perception of reports, and to define the rules

and  the  process  of  realizing  economic  and  financial

expertise.
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Fig. 4. Data from recordings

Fig. 5 Sequences of analysis financial statements
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Fig. 6. Converting a point on the screen

V.CONCLUSION

In  this  project,  a  new  part,  referred  to  as  Patterns  of

Expertise, is created on the basis of data provided by an eye

tracker that records a manager’s perception and his manner

of  document  analysis.  The  collected  quantitative  data  are

used  to  identify  sequential  patterns  of  his  perception  of

information.  A built-in algorithm explores  the eye  tracker

logs  and  creates  a  model  of  managerial  operational

knowledge.

Arriving at these data is make possible with the help of

appropriately  prepared  data.  As  the  eye  tracking  software

doesn't  have  advanced  data  analysis  functions,  it  was

necessary to obtain a self-tracking tool. Interpretation of the

data generated by the software, due the brief documentation,

also  constituted  another  problem.  As  a  result,  it  was

necessary  to  separately  prepare  the  data.  Their  manual

processing,  as  described,  yielded  the  expected  results.  As

a result, a database containing sequences was prepared. This

will be used to apply pattern search algorithms, which will

eventually be used to build intelligent system interfaces.
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