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with LIDAR was about 2,276 ha. On the surface were collected more than
91 million laser points, of which nearly 59 million are points contained
valuable information. Selection of a suitable GRID resolution was very import-
ant in the process of interpretation. Note, however, that the disadvantage of
the selected grid with higher resolution is multiplied with the size of files being
processed, and the extended time required to calculate the data. For the
purposes of accuracy of interpretation in this project there was established
GRID resolution of 0.5 x 0.5 m. Initial processing of one file with the specified
accuracy using the ,,Surfer” application took about 15 minutes. The end result
of developed mosaic is given in Figure 1.

In a further stage the LIDAR data were processed using the ,Surfer”
application. It made it possible to isolate changes in topography, providing the
potential risks of instability and incoherence of the soil (Fiig. 2). Red lines that
marked running down the slope longitudinal gullies as a result of flowing
watercourses. Thus allowed to identify and separate on the image potential
areas that are exposed to specific ground incoherence, as well as defining the
location and directions of measuring lines for which it is necessary to conduct
additional geophysical surveys.

Fig. 1. The GRID of 0.5 m size with the presentation of basins (red); mosaics made using ,,Surfer”

Photogrammetry for many years has been providing flight data, but in
spite of technological progress in this field (both the hardware and applica-
tion), followed by the recording of data at very high resolution photogrammet-
ric aerial photos are not able to replace the LIDAR data in terms of detail and
the possibility of manipulation in order to improve the conditions of interpreta-
tion. For comparative purposes, the following figure (Fig. 3) contains the image
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Fig. 2. Processed LIDAR data using ,,Surfer” with marked changes in topography indicating the
dangers

Fig. 3. High resolution orthophotomap depicting analysed area with marked geophysical survey

of Orthophotomap for the same part of land which proves of LIDAR technology
advantage over the traditional methods of observation. The following image
despite its high resolution shows how much it can be complicated for interpre-
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tation and preparation of data with using inappropriate methods and tools,
despite their extremely high costs.

At the end it should be highlighted that during long-term investments
building lands are in most cases left as recycle, and vegetation areas from time
to time are instantly covering terrains increasing the risk of error while
planning the location of various types of engineering structures. LIDAR in all
its complexity is not, after all nothing more than a technology of distance
measurement using laser light. It therefore does not penetrate ,jinto the
depths” of the earth, so the assumption presented in this study need to be
confirmed by methods that allow penetration inside the structure, about which
LIDAR has ,,no idea”. However, extensive areas (here: more than 2000 ha) and
difficult to diagnose, even only because of the characteristics of the terrain or
its size can be pre-analyzed using LIDAR technology, also by observing and
analyzing specific changes in topography.

Geophysical land investigation as a complement
of LIDAR data

Based on data obtained from laser scanning, there has been selected some
methods of measurement of land that should confirm suspicions of the
qualitative content and carrying capacity of land for wind turbine construc-
tions that will be built. Finding the most appropriate methodology is the basis
for all research, primarily to determine exactly what type of methodology
should be taken into account for economic reasons, as well as external factors
(accuracy, size of objects etc.). After an appropriate analysis an elimination of
methods can be done, execution of which would be impossible to achieve,
selecting those for which the previously mentioned factors are not a problem.
The variety of measurement methods allows to analyze data at the circumstan-
ces, which for many measurement methods are unfavorable. In addition,
studies should be properly interpreted, taking into account the lithology of the
whole (surrounding the test area) area — reading, among others, the contents of
geological maps.

Seismic refraction profiling confirmed the depth of the top of a rock on the
basis of an increase in the speed of seismic waves. In conjunction with electrical
resistivity tomography could be interpreted as variations in the speed of
seismic change in the type of overburden (bedrock). Electric Resistivity
Tomography (ERT) has allowed to define changes in the type of bedrock and
depth to the upper layer of rocks along the right profiles that had up to 475 m
in length. ERT profiles also showed maps of sharp changes in the topography
of the bedrock, and these in turn pictured lithology of the same substrate.
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Normally ERT is used to search for structures that could be a source of water
supply for larger subsurface water intakes. In this case, attempt was to
establish the zone of occurrence of the aquifers, as well as sudden changes in
the structure of the surface (STYLES 2012).

ERT is currently widely used (relative to the other geoelectrical methods)
at least for the sake of a relatively low amount of time spent on measurement.
Real-time measuring apparatus allows for error analysis and quality
control — using company equipment ABEM (ABEM France, on line:
http://www.abemfrance.eu) is also possible to carry out preliminary analysis
and derive generalized conclusions to the properties of the object, interpreting
(by viewing the display device) to constantly updated picture, which is one of
the results of measurements.

Fig. 4. Installation of one of the lines of electrical resistvity tomography profile

Ground Penetrating Radar (GPR) works by sending radio waves into the
ground and measuring the time of the reflected wave. Reflections occur where
different characteristics of the material are present. For example, the peat base
is usually surrounded by materials with significantly different properties. This
in turn generates a strong signal at the base of the peat allowing accurate
measurements of it;s thickness. GPR technique is widely used, among others,
to determine the thickness of peat bogs both in high places, as well as those laid
down (Fig. 5).
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Fig. 5. Modeling portion of land obtained using Rockworks software
Source: RockWWare. Earth Science and GIS Software, on line: www.rockware.com

Weather has a very little influence on results of Electric Resistivity
Tomography or Ground Penetrating Radar. Seismic refraction on the other
hand is one of the methods that need a lot of attention in regards of conditions
in which it is been gathered. Wind, drops of rain — not even mentioning
hailstones has a negative effect on the quality of collected data. Image quality
on screen connected to seismograph becomes uncertain because of the noise
created by poor weather conditions.

The sum of all the foregoing considerations, creates very close to reality
interpretation showing the actual state of the studied area. It happens that the
projects also include in its specification drilling carried out by specialized
institutions — which confirm the values obtained from geophysical surveys. In
this design, such a solution also occurred. Any ambiguity of the rule is clarified
carrying out additional measurements, often using the methods so far in the
research process is not used and the description of which in this paper is not
included.
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Results

The primary objective of the present study was to attempt to integrate two
completely different technologies metering to develop an effective method for
assessing the soil properties, in terms of its qualitative composition in different
geological layers, and consequently the detection of its potential heterogeneity
(instability). Collected measurement data and developed material largely
contributed to the effective assessment of the soil and its physicochemical
composition, which in turn allowed to determine the right places for location of
future engineering structures. In the present case, this was accomplished by
using LIDAR data and geophysical investigations. The collected information
about thickness of peat in area of study (as one of the main factors destabiliz-
ing the ground) has shown that there is no clear correlation between the
thickness and development of sinkholes in the area of study. In the area of
most sinkholes thickness of the peat is less than 1 m. If the subsidence of peat
would be the main reason for the development of sinkholes greater thickness of
peat surrounding majority of them would be expected (Fig. 6).

7000

Peat thickness [m]

Om

Fig. 6. Sketch showing the thickness of the peat in the analyzed area

Geological map of the study area also indicates that sinkholes were formed
on limestone formations. These in turn are formed when water flows from the
surface of impermeable bedrock area prone to chemical dissolution. Water is

Technical Sciences 18(3)2015



Artur Plichta, Adam Piasecki

188

[w] uopensje

poyieowl [N Y3 £q pajodlep adejinsqns pue soejins yjred mofj [erouasd ayj Suimoys yo3oyg . "Si

[w] soueySIp

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0LE 00E 06¢ 082 0.2 092 052 OF¢ 0EZ 02Z 0l O0Z 061 08 021 09) 0% Ol OEL OZL OLLCOL 06 08 OL 09 05 OF O O2 0 O

00tz 001z
005z 0052
0092 =1 A 0092
= - 0 o2 { =0y
00LZ Eik il 0oLz
0082 ol i SN 0082
L
0'062 el 0062
SR 150 0 E=2I: | =+
0008 | i e L I B MUY ot : 0008
! T =
: T b S 27 I P e I ot :
o G0 5 RO I 0 0 0 ot e e ooie
00z€ L1 _ 00ze

[w] uonensje

18(3)2015

Technical Sciences



Usage of Lidar Data in Planning... 189

a material that rinse and stratify ground, significantly worsening its
physicochemical properties. The analyzed area water flows from the surface
impermeable shales and clays to the surface of the limestone — prone to
dissolution. The boundary between the impermeable shale and limestone is
a major factor in the formation of sinkholes. Therefore it can be assumed that
this flow of surface water across the border of slate and limestone causes the
formation of sinkholes in the study area, thus contributing significantly to the
deterioration of ground conditions (Fig. 7).

Conclusion

To summarize the above development we should be fully aware of the stress
that modern methods of data collection and interdisciplinary way of their
analysis made possible to achieve effects, which developing few years ago
would have been impossible. As shown in the example of research, it was
possible to detect potential threats of instability and heterogeneity of soil using
LIDAR data with the help of geophysical investigations. Effects of work that
can be seen in the attached sketches, and what is also attached to this paper
are the results of the discussions of many people, including geophysicists,
geologists and surveyors.

Despite this, it is only a preliminary step of indicating the necessity of
further work that will confirm or complement the captured material. Where-
as, however, in the subconscious over documented facts, and a high degree of
detail of the available data in relation to the information received by other
methods, can be expressed conviction advantage of these unambiguous young
technology. It should be remembered, however, that the factors that influ-
ence the overall results of the study is more, like every interpreter (which is
another important factor in data processing) in a slightly different way is able
to interpret obtained using LIDAR technology data. We express the hope that
the results obtained will serve as a contribution to further research and
analysis.
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Abstract

Today’s increasing hurriedness in our way of life along with technology advances demand from
businesses to react always in a faster mode, while maintaining or, better yet, improving the quality of
their products and services. Towards that objective, businesses can gain benefits by employing
redefined team-building processes through which teams will be generated in a more cohesive and
efficient manner. Aiming at forming productive and effective teams, we present PROTEAS, a frame-
work where professional profiles and personality traits are both taken into account in the team-
building process. The professional portrait of users is drawn from their LinkedIn accounts, while
hints for their personality are obtained by a well-defined questionnaire based on the Big Five Factor
Model. The significance of personality is substantiated by recent research work where it has been
proven that personality traits can play a vital role in group dynamics. Motivated by the latter,
PROTEAS defines a series of variables where characteristics of team members (e.g. skills, education)
are combined with personality traits towards identifying candidate teams. All candidates are
evaluated via a weight-based algorithm which calculates pair-wise similarities among teams’ mem-
bers and ranks the teams accordingly at the end. To assess the effectiveness of PROTEAS an
academic setting has been chosen and through the experimentation a number of interesting
observations occurred which are analogous to those of similar researches, confirming the significance
of personality and professional compatibility between team members.

Introduction

As the years go by businesses aim to create new products and services, ever
faster, while maintaining or, better yet, improving quality. In order to cope
with the new volume of demand that defines the current business world, they
have to utilize every possible ,weapon” in their arsenal. One way to do so is to
reassess one of the first and most important steps in new product development:
Team Building.

Correspondence: Athena Vakali, Aristotle University, Informatics Department, Thessaloniki, Greece,
e-mail: avakali@csd.auth.gr



192 Orestes Evangelinos et al.

Teams are more often than not created based on the technical requirements
of a given task, project or product. As a result, team members are selected
because they have the necessary skills, experience or expertise. Research has
indicated, however, that personality can play a significant role in group dynami-
cs (NEUMAN, WRIGHT 1999, THOMS et al. 1996). It is suggested that the cohesion
of the group and the right match of its members’ personalities also contribute
positively to the successfulness of a team (LEPINE et al. 2011).

At the same time, we have witnessed an exponential increase in the use of
social media, especially during the last decade. Not only do we encounter
a plethora of them, but new types also emerge, such as social networks with
a business direction.

These observations instigated our motivation for this paper, which can be
summed up in two succinct points:

— Personality traits may contribute to team cohesion and good interper-
sonal relations, which in turn lead to the greater team efficiency (see Related
Work).

— Social media have become very popular, resulting in a world rich with
professional-related information.

We would like, for these reasons, to approach the subject of team building
under a different light, and provide a way for all these new criteria to be included
in the team formation process, so as to create more efficient and productive
teams with greater cohesion. This will be the result of the combination of two
factors: team members’ professional profile and their personality traits.

As a result of our work PROTEAS has been created, a framework combin-
ing users’ professional profiles acquired through LinkedIn, a business-oriented
social network, as well as their personality characteristics, based on the Big
Five Factor Model, which are acquired through a personality test we provide.
A rough outline of this procedure is presented in Figure 1. PROTEAS starts by

(=)

Linked [ — & ~__ (2
Business Profile : ‘<_ a

E PROTEAS User
C /\ A i
_>
N
Pers9na11ty Big-5 Personality
Questionnaire
Database

Fig. 1. Collection of user information
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creating candidate teams with similar users based on their professional
profiles and then, as a second-stage process, those candidates are evaluated in
terms of the personality parameters of their members.

The remainder of this paper is structured as follows: In Section 2 we
present some fundamental ideas, which deal with personality and work
effectiveness. The theory behind our framework is described in Section 3.
Section 4 presents the results of our experiments. Lastly, in Section 5 we
conclude and discuss some possible future directions.

Preliminaries and Related Work

In this section we provide both a brief overview of the building blocks of our
framework and present a number of representative studies regarding team
building.

PROTEAS Fundamental Concepts

The presented framework is comprised of users’ professional profiles and
personalities, as well as teams and team forming.

— A professional profile is a collection of information mainly regarding
a person’s working experience and also other qualifications, such as the skills
a person has acquired, his academic background, publications, awards and
honors.

— In recent years, a new theory about personality is agreed upon by most of
the modern personality psychologists: The Big Five Factor Model (JOHN,
SRIVASTAVA 1999), whereby each person’s personality can be described as
a combination of five major traits, or dimensions:

— Openness to Experience or Intellect is a person’s curiosity, imagin-
ation, creativity, un-conditionality, level of realism, and resistance to
change.

— Conscientiousness is linked with organization skills, work ethic, self-
discipline and goal realization with persistence and thorough planning.

- Extraversion is the level of sociability and enthusiasm, and is in a way
a measure of the intensity of the person’s interaction with others.

— Agreeableness indicates how kind, altruistic and friendly is one person
towards others, as well as their level of cooperation or sense of competi-
tion.

— Neuroticism or Emotional Stability indicates whether a person is
tranquil and calm or irritable, emotionally unstable or moody.

— A team is a group of people working interdependently, with a full set of

complementary skills, required to successfully carry through a given task or
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project, for which they are mutually accountable (KATZENBACH, SMITH 1992).
In most cases, team members are either chosen because they have the
necessary skills or work experience, or because the members have some degree
of previous acquaintance (ALDRICH, KiM 2007).

Related Work

Traditional team building criteria are those concerning a team’s demog-
raphics or members’ skill-set. Team building processes of this kind are trivial
and widely known. For example, the use of a design structure matrix is used
along with sequencing and grouping algorithms (DUNBING, ZHENG 2000,
EPPINGER, WHITNEY 1994). In addition, HLAOITTINUN et al. (2007, 2008)
propose an array-based clustering process which mostly takes into account the
team members’ competency for a specific task. A matrix is created denoting
each member’s competency for the parameters of the task at hand. Then,
a clustering algorithm is applied, and for each possible cluster a performance
indicator is computed.

We would also like to focus on the role of personality on work efficiency and
explore other factors that benefit a team’s effectiveness. The study of Personal-
ity started in the 50’s and the definition of the Five-Factor Model soon followed
(JOHN, SRIVASTAVA 1999). A great portion of research has been made in order
to establish a connection between personality traits and job efficiency. Con-
scientiousness has been regularly found to be a valid predictor of job perform-
ance, either in general (HURTZ, DONOVAN 2000) or in specific job families
(BARRICK, MOUNT 1991). Openness to Experience may validly predict perform-
ance in Management and jobs involving Customer Service (HURTZ, DONOVAN
2000). Extraversion is a valid predictor of job performance for occupations that
have social aspects (KICHUK, WIESNER 1997). Neuroticism and Agreeableness
have showed relatively low correlations (Barrick and Mount, 1991). On a team
setting, Conscientiousness along with Agreeableness seem to be highly signifi-
cant as working in a team involves communication and social interaction
(LEPINE et al. 2011, NEUMAN, WRIGHT 1999). Nevertheless, there are cases
where having high Agreeableness levels could be detrimental; an individual
challenging the ideas of the team could lead to reassessing the problem and
producing better results (THOMS et al. 1996), as we have also encountered in
our study. Emotional Stability is believed to be positively correlated with team
performance (THOMS et al. 1996). The roles of Extraversion and Openness to
Experience are not well defined in a team setting (KICHUK, WIESNER 1997).

Apart from personality traits, demographics (e.g. age, gender) seem to have
no relation whatsoever, for the successfulness of a team. For instance, KICHUK,
WIESNER (1997), found no significant difference between teams regarding the
number of female members participating. Also, REAGANS et al. (2004) com-
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pared the efficiency between teams based on demographics and teams based on
the social connections of its members and found no sign that the former are
more productive.

We observe that team efficiency and cohesion is attributed to different
factors, and studies have been carried out for each one of them. We believe that
all these factors are important in relation to team effectiveness, and we thus
try to utilize them in our framework, as presented in the following section.

PROTEAS: ,,Automated generation of PROfessional TEAms
in Social networks”

In this section we present a solution to the problem of creating efficient
teams, in the form of PROTEAS, our team building framework, which runs as
a web application, written in PHP and storing data in a MySQL database. The
professional profile of users is drawn from their LinkedIn accounts and
through a questionnaire their personality outline can be assessed, according to
the Big Five Factor Model. For this purpose, we selected IPIP!, which is
a public domain list of personality items, and we created a questionnaire
containing 50 items. The test is a typical 5-point Likert-type scale, where each
item can be answered with one of the following options: (i) Strongly disagree,
(ii) Disagree, (iii) Neither disagree nor agree, (iv) Agree or (v) Strongly agree.

Teams are created by first setting the desired parameters: team size, users’
skills, languages spoken, industries they belong to, geographic location, aca-
demic background, and the personality parameters, where each trait is ex-
pressed as a relative value (low, medium, high). Then, all possible team
combinations are calculated and a process of ranking is employed, so as to
propose the best team available. For this purpose, we created a metric in order
to compare the available teams.

Similarity Measures

To calculate the similarity between two users, we provide a set of different
similarity measures. The available similarity measures are: Skills, languages,
industries, location, and education, which we have extracted from users’
professional profiles and LinkedIn. The basis for our formulae is the Overlap
Coefficient (SIMPSON 1960), which in turn is based on the Jaccard Index
(JACCARD 1901).

Skill-based Similarity. Users can define a set of skills that they have
acquired. To find the similarity between two users’ skills, the overlap coeffi-
cient is used:

! International Personality Item Pool: http://ipip.ori.org/
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| Skills(A) n Slills(B)|
min([Skills(A)|, [Skills(B))|)

Simgan(A,B) = (1)

Language-based Similarity. In defining a spoken language users also
set the level of their proficiency, with 1 being the lowest and 5 the highest. We
thus use an altered version of the Overlap Coefficient. We first define the
language proficiency range as maxRate — minRate + 1 = 5. The value between
two languages is:

range — diff _ 5 - diff
range -5

value(Lang(A), Lang(B)) = (2)

where diff = | rate(Lang(A)) — rate(Lang(B))|. The final similarity formula is:

3, /(value(Lang;(A), Lang;(B)))

min(Langs(A)], [LangsB)) @

Simjang(A,B) =

where Lang;(A) = Lang;(B), 0 < i < |Langs(4)|, and 0 <j < |Langs(B)|.

Industry-based Similarity. LinkedIn defines 147 different industries,
which can belong to one, two, or three of 17 general groups. Users may fill in an
industry that they believe that describes them, which we define as the main
industry. In addition, secondary industries can be assessed from current or
past jobs. Comparing two industries we can find them being the same,
belonging to the same general group or groups, belonging to some of their
respective groups, or belonging to different groups entirely. Sample industries
are presented in Figure 2. For each pair, we calculate the Overlap Coefficient of

. Technology
Construction

Government Health

Fig. 2. Sample industries and their corresponding groups
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their corresponding groups. We also define the probability of the event that
each of these cases happens, and the corresponding reward as 1 — probabil-
ity(event).

We define the score between two industries as:

_ 1, Ind(A) = Ind(B)
score(Ind(A), Ind(B) = { Over. Coeff - reward, Ind(A) = Ind(B) (4)
As a starting point, we give a weight of 0.35 to the user’s main industry and
for each secondary industry a weight of 0.15. The total score is:

k
Total;,o(A,B) = 0.35 - main(4,B) + k - 0,15 - Y secondary;(4,B) (5)

The final score is normalized according to the sum of weights. In the future,
the weight values can be re-evaluated, if deemed necessary.

Similarity based on Geographic Location. Two users can be geo-
graphically similar when they have a relative distance between them. Accord-
ing to the LinkedIn data available, we have extracted 4 possible distances.
These are, from smallest to greatest (and thus denoting higher to lower
similarity):

Sim,.,(A,B) = {same city, same country, same continent, no similarity} (6)

Similarity based on Educational Background. In relation to two
users’ academic background, we take into account the number and types of
degrees that each one has provided. For every type of degree, we have assigned
a specific weight, which is a combination of the average years required for it
and an extra factor according to their level, as seen in Table 1. The education
score is calculated by adding the corresponding values of the user’s degrees.
The final educational similarity between two users is:

min(Score(A), Score(B))

Simea.(4,B) = max(Score(A), Score(B)) 0
Table 1
Degree weights
Degree Years Factor Final Weight

Associate/Foundation 2 1 2
Bachelor’s 4 1 4
Master’s 2 1.5 3
Doctorate 4 2 8
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General Similarity Formula. The final similarity formula, comparing
two users is defined as:

Similarity(A,B) = Zwi - Sim; (8)

where Similarity; is one of the aforementioned similarity measures and w; is
the weight of each measure. In case there are disabled similarity measures, the
final value is normalized according to the remaining weights.

Team Similarity and Ranking Algorithm

In order to calculate the similarity among all members of a team, we follow
the example of REAGANS et al. (2004). For each team we calculate all possible
pairs between its members. Then we calculate each pair’s similarity value and
then the average of the similarity values of these pairs. So, for all teams T of
size n, the ranking value of each team #, € T, 1 < k <|T, is calculated as:

it it Similarity(m;, m;)
|combinations(n,2)|

Rank(,) = , where m;, m; € t, (9)

Finally, the teams are sorted and presented in a descending order.

Experimentation

In order to assess the correctness and efficiency of PROTEAS, we imple-
mented an online application and asked for the participation of students of two
undergraduate university courses in the fall semester of 2013, where they were
given assignments to complete in teams of up to 4 people. As not all users have
a LinkedIn account, we offered them the option to create an account on our
application, where they filled in all the relative information manually. Course
A was offered to second-year students and included a theoretical assignment,
while Course B was offered to fourth-year students and included a program-
ming one. Students also completed the personality questionnaire. Upon com-
pletion of the assignment they filled in another short questionnaire, concern-
ing among other things an estimation of the time they invested in the
assignment. In our study 16 teams of Course A participated and 15 teams of
Course B (i.e. ~ 60 students in each course). We then manually recreated these
teams, calculated each team’s similarity measures and checked them against
their final assignment grade.
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— Team similarity measures and assignment’s final grade. As we see in
Table 2, although there was no consistent correlation between the general
team similarity and the final grade (-0.40 for Course A, 0.25 for Course B),
there was a correlation between skill similarity and the final grade (A: 0.22,
B: 0.48). We observe that Course B presents a greater correlation value than
Course A, a fact not quite unexpected; the assignment for Course B was
a programming one and thus required the team members’ skill set to include
many technical skills (such as Java, C++, or HTML). The theoretical assign-
ment of Course A didn’t have any specific technical prerequisites. No correla-
tion can be calculated for the geographical similarity, as all users in both
courses live in the same city, and there is no significant correlation for the
language similarity. As undergraduate students took part in our study, it is
reasonable that their educational background is similar, as well as the industry
they belong to. As a result, there is an almost insignificant correlation for the
former, and an inconsistent one for the latter.

Table 2
Correlations between similarity measures and final grade
Similarity Measures Course A Course B

General Similarity -0.40 0.25
Skill-Grade 0.22 0.48
Language-Grade -0.19 -0.07
Industry-Grade -0.28 0.29
Location-Grade X X

ducation-Grade -0.24 -0.25

— Personality traits and final grade. In Table 3 we observe that in Course A
we have a correlation regarding Conscientiousness, which is in line with
observations in Section 3, suggesting that conscientious people have better job

Table 3
Correlations of personality traits with final grade and time
) ) Final Grade Weekly Team Hours
Personality Traits Course A Course B Course A Course B
Openness 0.08 -0.06 0.17 0.24
Conscientiousness 0.33 -0.01 -0.40 -0.22
Extraversion -0.19 -0.01 -0.13 -0.18
Agreeableness -0.04 -0.55 -0.03 -0.35
Neuroticism 0.01 0.20 0.42 0.05
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performance. Agreeableness is a trait which reflects one’s tendency to be
acquiescent with other people’s ideas. In the case of Course B, there is
a negative correlation of -0.55 between the Agreeableness trait and the
performance in the assignment. This suggests that through initial disagree-
ment, new ideas were put on the table which eventually led to more robust and
effective solutions, as we discussed in Section 3. All other traits do not seem to
have a significant correlation.

— Personality traits and weekly team work time. It is interesting to note
the correlation between personality traits and the average weekly hours a team
spent completing the assignment, as seen in Table 3. We observe a negative
correlation of -0.35 between Agreeableness and time. We have seen above that
less Agreeable teams had better grades, but apparently it was accompanied by
a tradeoff. Another interesting finding is the negative correlation between
Conscientiousness and time, which is -0.40 for Course A and -0.22 for Course B.
This means that the more conscientious members of a team were more focused
on their goal and thus, completed the assignment quicker. Finally, for Course
A there is a correlation of 0.42 with time, meaning that teams with members
having high Neuroticism (e.g. stressful, anxious) needed more time to complete
the assignment.

The two assignments were adjusted to the student knowledge level and had
different objectives and time constraints. We have nonetheless extracted some
interesting findings, as presented above, confirming that alternative criteria
can be included in the team building process.

Conclusion

In this paper we have discussed possible ways that the team building
process can be improved. Our contribution is PROTEAS, a framework we have
developed, which introduces non-traditional variables in team building, such
as personality traits of team members. We completed a study with undergrad-
uate students of two courses participating. Although the presented work is at
an early stage, we have laid down the foundation stone for further develop-
ment in the future, and our intention is to extend our framework in many
aspects. We are interested in applying PROTEAS in a business setting, where
employees have more diverse back-grounds and teams can be created from
scratch according to our framework’s recommendations. Also, it could be very
useful for PROTEAS to be extended with diversity concepts bearing in mind
that the key is to find the right balance between similarity and diversity.
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Abstract

In this paper, lower/upper, boundary, and negative regions of set approximations, the fundamen-
tal concepts of classical rough set theory, have been considered as primitive ones. Assuming that they
are independent of each other, a generalized framework for their investigations is outlined. Its main
building blocks are base sets and definable sets. Lower/upper approximations, boundaries and
negative sets are all considered as definable sets and their mutual interactions are studied. Lastly
exact/rough sets are discussed. In generalized framework, four groups of formulae are defined for
representing different variants of rough sets. They emphasize distinct features of roughness, and so it
may be of highly importance which one is used in practical applications. Some possible choices
appeared in authors’ publications are mentioned.

Introduction

In Pawlak’s rough set theory (PAWLAK 1982, 1991, PAWLAK, SKOWRON
2007a) and its standard generalizations (BANERJEE, CHAKRABORTY 2004, Bo-
NIKOWSKI et al. 1998, PAWLAK, SKOWRON 2007b, YAO 2003, YA0, YAO 2012),
lower/upper, boundary and negative regions/operators of set approximations
are not independent. Usually, two of them are sufficient to define the others.

In this paper, these dependences are relaxed and lower/upper, boundary
and negative operators are viewed as approximation primitives. As an initial
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step, it is assumed that they are independent of each other, and then their
mutual interactions will be investigated.

At first, a general basic framework for our study is outlined (CSAJBOK 2013,
CSAJBOK, MIHALYDEAK 2012a, 2012b). In the approximation process, the main
building blocks are base sets (equivalence classes in the standard case) and
definable sets (unions of equivalence classes) obtained by some set operations
on base sets. In a general setting, the base sets do not necessarily form
a covering. Definable sets constitute all the available knowledge about the
objects of interest. Consequently, lower/upper approximations, boundaries and
negative sets should all be considered as definable sets.

Vagueness has a central role in the motivation basis of rough set theory. In
Pawlak’s information-based proposal, it was expressed by the boundary re-
gions of sets represented by the difference of upper and lower approximations.
Exactness and roughness of sets are defined via these differences as well.
However, in general situations, the above notions and their relations become
trickier. For instance, we can definitely say neither that a definable set is exact
nor that an exact set is definable. Another important example is that in
standard (i.e., equivalence-based) rough set theory boundaries can be defined
in three equivalent ways. In generalized theories, however, these definitions
lead to different notions of boundaries.

Reformulating of classical rough set theory

Let U be a nonempty finite set of objects.
The well-known Pawlak’s rough set theory can be reformulated as follows.

o Let £ be an equivalence relation on U. The partition of U generated by ¢ is
called the base system, denoted by B. Its members, the equivalence classes,
are called base sets.

e Any union of base sets are referred to as definable sets. Their collection is
denoted by D». By definition, @ is a definable set.

e Let S be asubset of U (S c U). The lower approximation of S, denoted by I(S),
is the union of all base sets that are the subsets of S. The upper approxi-
mation of S, denoted by u(S), is the union of all base sets that have nonempty
intersection with S. (|, u) is called the approximation pair.

e The boundary of S is bnd(S) = u(S) \ I(S).

e The negative region of S is n(S) = (w(S))°, where (-)° denotes the set
complementation operator.

According to the above notations, three highly important notions in connec-
tion with set approximation can be defined:

e S is exact if I(S) = u(S);
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o S is rough if it is not exact;
o S is definable if S € D,

Relying on the classical Pawlak’s set approximation theory, four basic
components of an initial set-theoretical general approximation framework can
be identified.

1. Domain: a set of sets whose members are approximated.

2. Base system: a beforehand defined set of some distinguished sets of the
domain which serves as the basis of approximations.

3. Definable sets: a set of sets whose members are
e derived from the base system (the base sets are always definable), and
o designated for possible lower and upper approximations, boundaries and

negative regions of the members of the domain.

4. Approximation pair: determines lower and upper approximations of the

members of the domain by using definable sets.

Generalization of classical rough set theory: the first step

Pawlak’s theory is based on a partition of the universe U. By the classical

Pawlak’s terminology:

e the domain is 2V (the power set of U);

e the base systemsis U/ ec 2V (the partition of U generated by the equivalence
relation ¢); its members are the base sets which are called s-elementary sets;

e Dy is the set of definable sets, where U/ ec Do (c 2Y), § € D and any union
of e-elementary sets is also definable.

e I(S) =e(S) =u{Be BIBcSHulS) =288) =u{Be BIBNS =0}

Accordingly, at the first phase, the notions of base system, definable sets
and approximation pair are generalized.

Generalizations of the base system The base system can be generalized
by giving up the pairwise disjoint property of U/e and/or the covering of the
universe. Table 1 summarizes the possible opportunities. The most general
case gives up the mutually disjoint property and the covering of the universe.

Table 1
Relaxing partition

Mutual disjoint Coveri.ng Theory / Framework
property of the universe
v/ v Pawlakian rough set theory
%) v Covering-based rough set rheory
v %) One-layered partial approximation framework
%] %) Partial approximation framework
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Formally, the generalized base system B8 c 2V is a nonempty family of
nonempty subsets of U which does not necessarily cover the universe. The
structure which is obtained in such a way is called the partial approximation
framework.

If U B = U, the base system is called total, otherwise partial. Nevertheless,
the base sets belonging to partial base system may be mutually disjoint. In this
case, B is called partial partition or one-layered (CIUCCI et al. 2014a).

Generalization of definable sets Let the set of definable sets Dx < 2V be
an extension of 98 in such a way that B c Dsand @ € Dy . The members of Dy
are called definable sets.

Many types of Dy can be defined (CSAJBOK, MIHALYDEAK 2012b). Several
examples are the following. D is
e strictly union type if D1, Dy € D%, then D; U Dy e Dnand Da does not contain

any other set;
o intersection type if D1, Dy € D, then D; N Dy € D
e Boolean type if Dy is a Boole algebra generated by B.

In a base system ‘B, our background knowledge about the objects of
interest appears. D, the set of definable sets, constitutes how the beforehand
given background knowledge can be used in an approximation process. From
the logical point of view, strictly union type and intersection type of ®» mean
that the disjunction and conjunction of concepts represented by base sets are
enabled, respectively. Intersection type works well only together with strictly
union type. They together mean that during an approximation process, the
conjunction and disjunction of the background properties of the objects of
interest are enabled. In the case of Boolean type, partial negation is also
enabled beyond the conjunction and disjunction.

Generalization of the approximation pair An approximation pair has
to meet the following minimal requirements:

(1) 1(2Y), u(2Y) ¢ D — it means that lower/upper approximations must be
definable;

(2) the functions | and u must be monotone, i.e., for all S;, Ss € 2Vif S; = S,
then I(S;) < I(S2) and u(S; c u(Sy);

(3) u@ = @ (normality of u);

(4) if S c U, then I(S) c u(S) — it is called the weak approximation property.

Requirements (3) and (4) immediately imply that | (3) = @ (normality of 1).

In general, it is reasonable to assume that the base sets are exactly
approximated from lower side. In certain cases, it may also be required of
definable sets. Accordingly, a weak approximation pair (|, u) is

(5) granular if (B) = B (B € ‘B) (granularity of 8 , or | is granular);

(6) standard if (D) = D (D € Ds) (granularity of D, or | is standard).

It is an important question how lower and upper approximations relate to
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the approximated set itself. Conditions (1) — (6) may permit that I(S) ¢ S and/or
S z u(S), or even I(S) NS = @ and/or S N u(S) = @ . These observations motivate
the following definitions.

Let S ¢ U. A weak approximation pair (I, u) is

(7) lower semi-strong if I(S) c S, i.e., | is contractive;

(8) upper semi-strong if S < u(S), i.e., is extensive;

(9) strong if it is lower semi-strong and upper semi-strong at the same
time, i.e., each subset S ¢ U is bounded by I(S) and u(S): I(S) < S < u(S);

(10) Pawlakian if

e I(S) =uU{BIBe*B,BcS}

eulS) =uU{BIBe B,BnS =0},

provided that D is strictly union type.

The Pawlakian approximation pair (|, u) is a direct generalization of the pair
(g, &) . Clearly, it is a strong one.

Further generalization: boundaries

Definable sets constitute all the available primary and derived knowledge
about the objects of interest. Consequently, like as lower and upper approxi-
mations are definable sets, boundaries must be definable as well.

Let S ¢ U. In classical rough set theory, the following definitions of
boundaries are equivalent, but they lead to different notions of boundaries in
the general case.

(1) b1(S) = uS) \ I(S)

(2) by(S) = u(C(S) \ C(S)), where

e C'(S)={BIBe B,Bcl(S)}

e C'(S) ={BIBe B,BculS)}

(3) bs(S) =u{BIBe B,BNnS+0,BzS}

At first, it should be noted that none of b;(S), b.(S) and bs(S) will be
definable necessarily, hence these formulae cannot be generalized directly.
Nevertheless, under different conditions one or more of them become defin-
able.

o If the approximation pair (I, u) is Pawlakian and 28 is one-layered, b, is
definable.

o If D is strictly union type, b, and bs are also definable. In addition, if (I, u) is
Pawlakian, then b;(S) < bs(S), where b;(S) = ba(S) < b(S) N I(S) =0 (S c U)
also holds (CsAJBOK, MIHALYDEAK 2013).

Another observation that both b; and b, are ,independent” of the set
S itself, they solely depend on the lower and upper approximations of S. It may
happen that S N by(S) = 0 or S N by(S) = @ even if by(S), ba(S) = 0.
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On the contrary, bs only depends on the set S (of course, with respect to the
given base system), it is independent of the lower and upper approximations of
S. Furthermore, if b3(S) =@, S m b3(S) = @. This type of boundary can be viewed
as a real representation of the informal notion of boundaries.

Further generalization: negative regions

In classical rough set theory, the negative region is n(S) = w(S))° (S c U).
Of course, it must be definable as well. However, even in covering-based rough
set theory, (u(S))° is not definable necessarily. A possible solution may be that
the lower approximation of (1(S)) is taken, i.e., n(S) = I((x(S))). In this way,
definable negative regions are obtained.

In Pawlak’s rough set theory, the lower approximation I(S) of S is also
called the positive region, and 1(S) n n(S) = @ trivially holds owing to their
constructions. In the general case, however, the weak approximation property
I(S) c u(S) immediately implies that I1(S) N I((u(S))*) = I1(S) N n(S) = @ also holds.
It is in accordance with the informal meaning of positive and negative
properties.

It is a question to be investigated whether negative regions of sets can be
treated as an approximation primitive, i.e., independently of lower/upper
approximations and boundaries. If the answer is yes, the next question is that
the relation I(S) n n(S) = @ as a minimum requirement for positive and
negative regions is required or not.

Exact sets

As before, at first, the case of classical rough set theory is investigated.
Accordingly, S c U is exact if 1(S) = u(S), and so I(S) = S = u(S) by the
construction of | and u in classical rough set theory. This definition only works
well when the approximation pair is strong, i.e., I(S) =S c u(S). For instance, if
the base system is total and the approximation pair (|, u) is Pawlakian, (I, u) is
strong. However, when the base system is partial, the approximation pair
generally is not strong even if it is a Pawlakian one. Indeed, if ¢, u) is
Pawlakian, it is surely lower semi-strong, i.e., I(S) = S (S < U), but S < u(S)
does not hold for all S c U.

Moving on, let 28 be partial and (I, u) be Pawlakian. It may happen that
I(S) = u(S) &S for a set S c U. On the contrary, it may occur for a definable set
S that I(S) & u(S) holds. These observations mean that neither ,an exact set is
definable” nor ,,a definable set is exact” holds necessarily according to the
classical definition of exactness.
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In general case, exact sets can be defined, e.g.,, by lower and upper
approximations as follows: S = I(S) or S = u(S). If both S = I(S) and S = u(S)
hold, S can be viewed as absolutely exact set (CIuccr et al. 2014b).

It is also a question to be investigated whether the notion of exact set could
be an approximation primitive.

Rough sets

In rough set theory, a set S ¢ U is rough if it is not exact, i.e., I(S) = u(S)
according to the classical Pawlakian definition. However, there may be
a number of sets with the same lower and upper approximations. Therefore,
the pair (I(S) u(S)) represents a class of sets which is called the rough set. Its
further definitions and detailed investigations can be found, e.g., in BANERJEE,
CHAKRABORTY (2004) and the references therein.

In generalized framework, the following definitions of rough sets may arise:

1. {(S), u(S)) (it is the classical Pawlakian approach);

2. ((8), n(S));

3. {I(9), b(S)) G = 1,2,3);

4. (u(S), b:(S)) ¢ = 1,2,3).

These formulae generate the same partition of the power set of U in
classical rough set theory. This is because the operators n, b; ( = 1,2) can be
derived from from the operators | and u. The operator bs is independent of | and
u, but the boundaries by, by, bs, are equivalent in classical rough set theory.
Therefore, in this case, any one of the previous formulae can represent rough
sets. It should be noted that in these representations, exact sets appear as
special rough sets.

However, these formulae may lead to different partitions of the power set of
U in generalized framework. Therefore, formulae 1-4 may represent distinct
variants of rough sets emphasizing their different possible features. Conse-
quently, it may be of highly importance in practical applications of generalized
set approximation which formula represents rough sets.

If it is laid emphasis on the positive/negative features of concepts,
the second formula must be applied. The situation in which the relation
I(S) N n(S) = @ holds is well known and studied in detail as orthopair (Ciucct
2011, Crucct 2014). A possible application was discussed in (CSAJBOK,
MIHALYDEAK 2011). However, in case of conflicting information, there may be
something both positive and negative which situation has to be handled in
some way as well. This is which happens, for instance, in paraconsistent logics
(PRIEST et al. 1989, 2013, PRIEST 2002), Atanassov’s IFS (ATANASSOV 1986,
1999, 2012, CATTANEO, CIucci 2006), generalized orthopairs (CIuccl et al.
2014a) and relative sets (MOUSAVI, JABEDAR-MARALANI 2001, 2002).
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A number of studies deal with the relationship between rough set theory
and fuzzy set theory. There are many opportunities to establish relations
between them (DuBOIS, PRADE 1987, DuBOIS, PRADE 1990, DUBOIS, PRADE
1992, CHAKRABORTY 2011, YAO, ZHANG 2000). In this case the third version of
the definition of rough sets is the relevant one.

Fuzziness in partial approximation framework was investigated in
(CsAJBOK, MIHALYDEAK 2013). The investigation was started from Pawlakian
approximation pair, and created three partial membership functions: optimis-
tic, average, and pessimistic ones. These fuzzy functions provide special type of
fuzziness on the universe: all of them are partial functions and derived from the
observed data relatively to available knowledge about the objects of the
universe. In (MIHALYDEAK 2013), relying on the above partial fuzzy functions,
three different semantic notions of logical consequence relations were intro-
duced in partial first-order logic.

Lastly, it should be noted that if the notion of exact sets is viewed as an
approximation primitive, the representation of rough sets cannot be defined
independently from exact sets.

Conclusions and future work

In this paper, starting from the classical Pawlakian rough set theory,
general formulations of approximation spaces have been outlined. Three
underlying approximation components (domain, base systems, and definable
sets) and five approximation primitives (lower/upper, boundary and negative
operators) have been identified. Possible basic structures of these components
and mutual interactions of approximation primitives have been investigated.
Some questions to be answered concerning approximation primitives have
been posed.

Further investigations of algebraic structures of underlying approximation
components are required. Next, it should be important to take a survey of
algebraic structures of rough sets in different approximation spaces.
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Abstract

The usage of the evaluation concerning IT projects by software producers constitutes a crucial
element of their preparation and realization. From many generally accessible methodologies the
authors chose two methods (Delphi and UCP?) as well as undertook an attempt of analyzing obtained
results. Conducted results will support the evaluation of newly realized projects.

The objective is an attempt of comparing the efficiency of selected methods of pricing the
software with indicating the areas of their usage as well as factors which influence the realization of
those projects.

Introduction

The issue of estimating constitutes a crucial and very arduous stage in the
software production cycle. One has to agree with the words of Fred Brooks ,,In
a given post it is very difficult to conduct a definite, convincing and risky
defense of estimating which was created as a result of some quantitative
analysis, is supported by small amount of data and faces disapproval mainly
because of the managers’ intuition”. According to the definition word ,,to
estimate” means ,,offer something approximately”, ,to evaluate”. In IT sector
one expects providing exact costs connected with the realization of a particular
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undertaking. The scope of costs is determined by regular factors such as:
particular terms, goals or business obligations. During the years where IT
sector was developing many methods of estimating appeared, they are more or
less efficient depending on the conditions and resources, experience, specificity
of the project have major significance as far as these conditions are concerned.
The article is an attempt of comparing the efficiency of selected methods of
pricing the software with indicating the areas of their usage as well as factors
which influence the realization of those projects. To minimize the risk connec-
ted with failure of the project realization the authors suggest using different
methods of estimating. For long-term projects they recommend to gather
obtained results (results of estimation) each time. It will enable the verification
of planned figures with the actual realization as well as conduct analysis to
introduce repair actions. The usage of the measure of estimating efficiency
(MES), which is to be described below, allows the manager of the project and
managers to limit underestimating or overestimating the project.

For many years the authors have been dealing with both theoretical and
practical aspects of IT projects. They actively participate in IT undertakings
realized for the sake of different economic entities, with special focus on their
economic efficiency.

Selected methods of estimating software

According to the data published annually in CHAOS Chronicles by the
organization The Standish Group International, about 66% of projects from
the IT sector realized within the borders of USA ends up with a failure
(WINIARSKI 2011). In Poland there is no systematic research in this area due to
high costs.

For many years the consequences of accurate and/or faulty decisions have
been visible in the economy and described in professional literature. One of the
most basic issues in planning IT undertakings is precise determination of their
efficiency. On one hand, it is connected with rationalizing the expenses, on the
other — with achieving, in proper conditions, optimal appropriable and econ-
omic effects (BOEHM 1981, DuDYCZ, DYCZKOWSKA 2006, CEGIELKA, ZALEWSKI
2000). It is worth using the measure of estimating efficiency (MES) for this
purpose which is calculated according to the formula:

MES = (CR/CZ) - 100%,

where:
CR - number of hours planned for realization in particular period,
CZ - number of hours realized in particular period.
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All repair and correction activities connected with selected method and the
change of structure (organization) of the company should provide the optimal
value of the measure. According to the practice the typical division for the
measure MES is: <80%; 120%>. Preventing both underestimating and overes-
timating enables meeting the project requirements.

The most popular methods of estimating are informal techniques and
techniques transferred from classic economy (GORSKI 2000). They are, among
other things, expert’s opinion, estimating by analogy and estimate models.
Each method can be used according to two main rules of estimating bottom-up
or top-down. Estimating with bottom-up method starts with the analysis of
particular components. They are added up and necessary operations on the
sets are done obtaining the total picture of the project. Top-down estimating is
a reversed process — it begins with looking at the project in a ,,bird’s eye” way
and particular elements are treated as its components.

The expert’s opinion has been popular for many years as a method of
predicting the scope and costs, based on the estimates of individuals who have
participated in projects similar to the one they have to analyze (MCCONNELL
2006, KACZOROWSKI 2010). However, it is a totally subjective method and not
described by any strict algorithm. Nevertheless it provides surprisingly good
results (LIPSKA, TANSKA 2002, WINIARSKI 2011). It is especially used in case of
innovative projects (DABROWSKI, SUBIETA 2005) because it does not require (in
necessary manner) any quantitative data.

Methods of estimating projects recommended by the authors in regards to
projects realized as a part of sustaining the sector system to serve local
government units are Usage Case Points Method and Delphi Method.

The first one is UCP method which is a derivative of another known
method used for estimating the scope of software, the method of functionality
points which is based on screen projects and the architecture of the system.
The creator of this method is Gustav Karner (KARNER 1993). He introduced the
methodology and defined the importance of environmental factors that specify
the complexity of the organization, the technical complexity of factors that
specify the technical properties of the product and the actors of the system.

In case of UCP method the architecture and screens were substituted with
specificity of requirements in a form of cases of usage. Moreover, there are four
categories of parameters taken into consideration (ALBRECHT 1979):

— the factor of environmental complexity which reliable establishment
enables the level of organization realizing the project; the more importance the
factor has, the more it influences the decrease of work consumption of the
undertaking;

— the factor of technical complexity which identification enables establish-
ing the level and difficulty as a part of particular technology; the increase of
that factor influences the final increase of work consumption estimation;
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— actors, the number of external beings (identifying closer and further
surroundings);

— cases of usage (number of functions crucial from the perspective of
actors).

In a company dealing with the production of software the following
procedure of behavior was worked out.

All 13 factors of technical complexity are assigned to proper numerical
value which enables the estimation of technical aspects of the product (Tab. 1).

Table 1
Technical factors with numerical value
Technical factor Value
Dispersed system 2.0
Efficiency 1.0
Efficiency for the final user 1.0
Complex inner processing 1.0
RE-usage 1.0
Ease of installation 0.5
Ease of usage 0.5
Mobility 2.0
Ease of introducing changes 1.0
Compatibility 1.0
Special protection 1.0
Dependency on external libraries 1.0
Additional training for users 1.0

Source: KARNER (1993).

Moreover, 8 factors of environmental complexity were indicated. All of
them were assigned to the value determining their final estimation (Tab. 2).

Table 2
Environmental factors with numerical value
Environmental factors Value
Knowledge of the project 1.5
Experience in creating application 0.5
Experience in creating application oriented for the object 1.0
Skills of main analist 0.5
Motivation 1.0
Stability of requirements 2.0
Part-time workers -1.0
Software language difficulty -2.0

Source: KARNER (1993).
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After determining the environmental and technical factors, one has to
evaluate the cases of system usage. The first step involves evaluating the
complexity of actors (Simple, Average Complexity, Complex); on its basis one
establishes the modulus Unadjusted Use Cases Weight (UUCW). Then the
value of actors is established (1, 2, 3), on its basis one creates the value of
modulus Unadjusted Actors Weight (UAW). Summing two modulus: UUCW
and UAW enables the calculation of Unadjusted Use Case Point (UUCP). The
following step of the procedure is multiplying the value of UUCP, by technical
(TCF?) and environmental (ECF?) factors, which enables us calculating points
of case usage UCP.

UCP = UUCP - TCF - ECF

The last stage is changing the points of cases of usage to work consumption
expressed in hours per person. To do that UCP is multiplied by the Productiv-
ity Factor PF, which value expresses the number of hours per person for one
point of the case of usage?. In calculations the authors decided that the value of
20 working hours is 1 PF.

The second aforementioned method — Delphi Method is based on indepen-
dent estimating conducted by few experts. However, it requires having quali-
fied specialists in particular field (and access to them) in one’s personnel
resources.

Algorithm of Delphi method includes the following steps:

— providing experts with proper materials, documentation and time necess-
ary for becoming familiar with them;

- exchange of opinions on the project, analysis of remarks and comments;

— anonymous estimation of work consumption by each expert;

— working out the results of voting, transferring them to estimate form and
preparation of estimate report;

— presenting the evaluation of other experts and average estimation,
discussion and renewed analysis of factors influencing the work consumption,;

— repetition of all action until obtaining approximate estimates of work
consumption by the experts or calculation of average of obtained results. This
average should take into consideration the pessimistic evaluation (P) and the
optimistic one (O) with the value of 1 as well as average value (A) of 4;

2 Technical Complexity Factor.

3 Environmental Complexity Factor.

4 According to definition the value of 20 working hours is recognized as 1 PF (different sources).
The author of the method — Gustaw Karner suggested a predictor PF equal to 20 working hours per
one UCP, but it can belong to an interval of 15-38 working hours (KARNER 1993).
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— final estimating of work consumption (OKP) according to the formula:
(P + 4A + O)/6.

UCP Method as well as Delphi Method can be used by the managers of
short-term and long-term T projects with different scope of influence.

Criteria of evaluation and results of research

The authors chose projects to constitute empirical material to verify the
reliability of offered methods. For the purpose of analysis they chose projects
(Tab. 3) realized as a part of a system to serve local government units PUMA
(Start-up Platform for Application Modules). These projects (six projects) were
realized in similar time intervals. To estimate six project the same environ-
mental and technical factors were used (UCP Method) as well as the experts
with comparable knowledge and experience (Delphi Method). The budget of
these project did not exceed 2500 hours. The projects cover different elements
of functionality of integrated IT system PUMA, such as new module, function-
ality or integration with external systems. Table 3 presents eight projects (code
and name of the project) which were analyzed.

Table 3
Selected projects enabling estimating
Code of the project Name of the project
51 Integration with external documentation circulation
58 Module GODP
61 Functionality to making functionality available
63 Reporting for GODP
64 Adjusting GODP for the Association of Communes
65 Integration with SIDAS system
Source: authors’ own work.
Table 4
The results obtained by researching selected projects
Code f’f the Delphi method UCP method Averaged method Realized budget
project
51 141 261 201 120
58 2,122 2,103 2,112 2,521
61 123 164 144 122
63 1,012 780 896 1,308
64 616 423 520 584
65 154 209 181 148

Source: authors’ own work.

Technical Sciences 18(3)2015



The Usage of it Projects Evaluation Methods Covering... 219

Each module was independently estimated using methods: Delphi and UCP
(Tab. 4). The estimated budget was presented in operating hours (h). More-
over, the analysis was widened by averaged estimate for the methods above
calculated using a Simple method of arithmetic average.

Discussing the results

Figures (1-5) present the values of planned and realized estimates for
particular projects:
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Fig. 1. Integration with external system of document circulation according to Delphi, UPC methods

Estimates conducted using UCP method are almost two times higher in
comparison to Delphi method (Fig. 1). What is important, realized budget is 20
working hours lower that estimates done using Delphi method.
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Fig. 2. Module GODP according to Delphi and UCP methods
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In case of module 58 estimate done by using analyzed methods provided
approximate results: 2,122 (Delphi method) and 2,103 (UCP method) whereas
the realized budget was lower in 400 working hours (Fig. 2). Specific situation
was caused by the change of legal regulations.
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123 122

120 +— —
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0
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time

delphi UCP averaged realized
method method method budget
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Fig. 3. Functionality to making functionality available according to Delphi and UCP methods

Figure 3 illustrates the difference (40 working hours) in estimates done
using Delphi method (123) and UPC method (164). At the same time it is worth
noticing the lack of difference between Delphi method and realized budget
(convergence of results for module 61).
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Fig. 4. Reporting for GODP according to Delphi and UCP methods

The collation of selected methods characteristic for module 63 (Fig. 4)
illustrates the fact of underestimation of labor consumption both using Delphi
method and UCP method. It is 300 working hours.
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Fig. 5. Adjustment of GODP for the Association of Communes according to Delphi and UCP methods

According to Figure 5 the significant differences in estimates obtained
using each method are visible. The calculations done using Delphi method are
more approximate to realized budget.
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Fig. 6. Integration with SIDAS system according to Delphi and UCP methods

Interesting results were obtained for module 65, especially as in this case
the realized budget (148) is lower than the one calculated using Delphi method
(154) and UCP method (209). The difference is not significant and in case of
the first method it is (6 working hours) and in case of the second one it is
(61 working hours).

On the basis of aforementioned data one can ascertain that in case of
realization concerning minor projects (budget up to 2,500) the most approxi-
mate estimates of projects in relation to their later realization derive from
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Delphi method. For all of six projects realized using this method the budgets
were approximate to actually realized works.
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Fig. 7. Collation of research results according the Delphi method, the UCP method, the Averaged
result, the Realized budget

2,500 ~

2,000 -

1,500 -

time

B Delphi method
1,000 - B UCP method

500 -

51 58 61 63 64 65
methods

Fig. 8. Collation of results prepared according to Delphi and UCP methods

Analyzing the results obtained using: Delphi and UCP methods one can
ascertain for six researched modules:

— Modules 51, 61, 65 present a lower value for Delphi method;

— Module 58 presents results approximate two both methods;

— Modules 63 and 64 are characterized by lower estimate when UPC
method is used and higher when Delphi method is used.

Depending on the type and specificity of realized project one can notice that
in the case of a project covering the addition in a form of a new module to
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PUMA system the estimation prepared by using the method UCP is clearly
underrepresented whereas in the case of estimating projects including the
integration on system PUMA with external systems of other producers the
estimate prepared by using UCP method is clearly inflated.
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Fig. 9. Collation of results obtained using Delphi method and realized budget
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Fig. 10. A collation of averaged results with realized

Summing up aforementioned considerations (Fig. 1-6) one can notice that
Delphi method offers better estimates of the projects which are taken into
consideration.
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Conclusion

Many factors (technical and environmental) influence the change of realiz-
ation concerning IT projects. The authors undertook an attempt of indicating
the most crucial reasons for deviation from assumed estimates during the
realization of the analyzed projects mentioned above (Integration with exter-
nal system of document circulation, GODP Module, Functionality to make
functionality available, Reporting for GODP, Adjusting GODP to Association
of Communes, Integration with SIDAS system). The basic ones include:

— The changes of legal regulations influencing the scope of project realiz-
ation;

— Changes of resources realizing particular projects (rotation of em-
ployees);

— Lesser knowledge on basis of content and experience in the case of
realization of new functionalities different from those used while developing
the existing ones;

— Organizational changes (especially changes in management);

— Wide spectrum on basis of content concerning realized projects.

While planning and then realizing IT projects one has to establish the
budget. In such a way one estimates both the conditions in which they are to be
realized as well as conditions in which the effects of undertaken actions will be
possible to observe. The final and detailed evaluation of results will be
conducted after the project is finished. In such a way the base which consti-
tutes a compendium of knowledge is created and modified. Future managers
may use it while planning new projects.

The authors recommend Delphi method as up till now the knowledge and
experience of experts offer the most reliable results. They will continue the
research in the area of other aspects of the process of producing software
trying to bring together academic knowledge and practical knowledge.
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Text should be organized into clearly defined and numbered sections and subsec-
tions (optionally). Sections and subsections should be numbered as 1. 2. 3. then 1.1 1.2
1.3 (then 1.1.1, 1.1.2, ...). The abstract should not be included in numbering section.
A brief heading may be given to any subsection. Each heading should appear on its own
separate line. A single line should separate paragraphs. Indentation should be used in
each paragraph.

Font guidelines are as follows:

— Title: 14 pt. Times New Roman, bold, centered, with caps

— Author names and affiliations:12 pt. Times New Roman, bold, centered, italic, two
blank line above

— Abstract: 10 pt. Times New Roman, full justified, one and a half space. Abstract should
begin with the word Abstract immediately following the title block with one blank line
in between. The word Abstract: 10 pt. Times New Roman, centered, indentation
should be used

— Section Headings: Not numbered, 12 pt. Times New Roman, bold, centered; one blank
line above

— Section Sub-headings: Numbered, 12 pt. Times New Roman, bold, italic, centered; one
blank line above

— Regular text: 12 pt. Times New Roman, one and a half space,full justified, indentation
should be used in each paragraph

Title page information
The following information should be placed at the first page:

Title
Concise and informative. If possible, authors should not use abbreviations and
formulae.

Authors and affiliations

Author/authors’ names should be presented below the title. The authors’ affiliation
addresses (department or college; university or company; city, state and zip code,
country) should be placed below the names. Authors with the same affiliation must be
grouped together on the same line with affiliation information following in a single block.
Authors should indicate all affiliations with a lower-case superscript letter immediately
after the author’s name and in front of the appropriate address.

Corresponding author

It should be clearly indicated who will handle correspondence at all stages of
refereeing and publication, also post-publication process. The e-mail address should be
provided (footer, first page). Contact details must be kept up to date by the correspond-
ing author.

Abstract

The abstract should have up to 100-150 words in length. A concise abstract is
required. The abstract should state briefly the aim of the research, the principal results
and major conclusions. Abstract must be able to stand alone. Only abbreviations firmly
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established in the field may be eligible. Non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords

Immediately after the abstract, author/authors should provide a maximum of
6 keywords avoiding general, plural terms and multiple concepts (avoid, for example,
‘and’, ‘of’). Author/authors should be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible.

Abbreviations

Author/authors should define abbreviations that are not standard in this field.
Abbreviations must be defined at their first mention there. Author/authors should
ensure consistency of abbreviations throughout the article.

Units
All units used in the paper should be consistent with the SI system of measurement.
If other units are mentioned, author/authors should give their equivalent in SI.

Introduction

Literature sources should be appropriately selected and cited. A literature review
should discuss published information in a particular subject area. Introduction should
identify, describe and analyze related research that has already been done and summar-
ize the state of art in the topic area. Author/authors should state clearly the objectives of
the work and provide an adequate background.

Material and Methods

Author/authors should provide sufficient details to allow the work to be reproduced
by other researchers. Methods already published should be indicated by a reference.
A theory should extend, not repeat, the background to the article already dealt within
the Introduction and lay the foundation for further work. Calculations should represent
a practical development from a theoretical basis.

Results and Discussion

Results should be clear and concise. Discussion should explore the significance of the
results of the work, not repeat them. A combined Results and Discussion section is often
appropriate.

Conclusions
The main conclusions of the study may be presented in a Conclusions section, which
may stand alone or form a subsection of a Results and Discussion section.

Acknowledgements

Author/authors should include acknowledgements in a separate section at the end of
the manuscript before the references. Author/authors should not include them on the
title page, as a footnote to the title or otherwise. Individuals who provided help during
the research study should be listed in this section.

Artwork
General points

— Make sure you use uniform lettering and sizing of your original artwork
— Embed the used fonts if the application provides that option
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— Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol

— Number equations, tables and figures according to their sequence in the text

— Size the illustrations close to the desired dimensions of the printed version

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is’ in the native document format

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please ‘Save as’ or convert the images to one of the following
formats (note the resolution requirements given below):

EPS (or PDF): Vector drawings, embed all used fonts

JPEG: Color or grayscale photographs (halftones), keep to a minimum of 300 dpi

JPEG: Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi or combinations bitmapped line/half-tone (color or grayscale), keep to a mini-
mum of 500 dpi

Please do not:

— Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQG); these
typically have a low number of pixels and limited set of colors

— Supply files that are too low in resolution

— Submit graphics that are disproportionately large for the content

Color artwork

Author/authors should make sure that artwork files are in an acceptable format
(JPEG, EPS PDF, or MS Office files) and with the correct resolution. If, together with
manuscript, author/authors submit color figures then Technical Sciences will ensure
that these figures will appear in color on the web as well as in the printed version at no
additional charge.

Tables, figures, and equations

Tables, figures, and equations/formulae should be identified and numbered consecu-
tively in accordance with their appearance in the text.

Equations/mathematical and physical formulae should be presented in the main
text, while tables and figures should be presented at the end of file (after References
section). Mathematical and physical formulae should be presented in the MS Word
formula editor.

All types of figures can be black/white or color. Author/authors should ensure that
each figure is numbered and has a caption. A caption should be placed below the figure.
Figure must be able to stand alone (explanation of all symbols and abbreviations used in
figure is required). Units must be always included. It is noted that figure and table
numbering should be independent.

Tables should be numbered consecutively in accordance with their appearance in the
text. Table caption should be placed above the table. Footnotes to tables should be placed
below the table body and indicated with superscript lowercase letters. Vertical rules
should be avoided. Author/authors should ensure that the data presented in tables do not
duplicate results described in figures, diagrams, schemes, etc. Table must be able to
stand alone (explanation of all symbols and abbreviations used in table is required).
Units must be always included. As above, figure and table numbering should be
independent.
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References: All publications cited in the text should be presented in a list of
references following the text of the manuscript. The manuscript should be carefully
checked to ensure that the spelling of authors’ names and dates of publications are
exactly the same in the text as in the reference list. Authors should ensure that each
reference cited in the text is also present in the reference list (and vice versa).

Citations may be made directly (or parenthetically). All citations in the text should
refer to:

1. Single author

The author’s name (without initials, with caps, unless there is ambiguity) and the
year of publication should appear in the text

2. Two authors

Both authors’ names (without initials, with caps) and the year of publication should
appear in the text

3. Three or more authors

First author’s name followed by et al. and the year of publication should appear in
the text

Groups of references should be listed first alphabetically, then chronologically.

Examples:

“... have been reported recently (ALLAN, 1996a, 1996b, 1999; ALLAN and JONES, 1995).

KRAMER et al. (2000) have recently shown...”

The list of references should be arranged alphabetically by authors’ names, then
further sorted chronologically if necessary. More than once reference from the same
author(s) in the same year must be identified by the letters “a”, “b”, “c” etc., placed after
the year of publication.

References should be given in the following form:
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Citation of a reference as ‘in press’ implies that the item has been accepted for
publication.

Note that the full names of Journals should appear in reference list.

Submission checklist

The following list will be useful during the final checking of an article prior to the
submission. Before sending the manuscript to the Journal for review, author/authors
should ensure that the following items are present:

— Text is prepared with a word processor and saved in DOC or DOCX file (MS
Office). One author has been designated as the corresponding author with contact
details: e-mail address

— Manuscript has been ’spell-checked’ and ’grammar-checked’

— References are in the correct format for this Journal

— All references mentioned in the Reference list are cited in the text, and vice versa

— Author/authors does/do not supply files that are too low in resolution

— Author/authors does/do not submit graphics that are disproportionately large for
the content
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