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Abstract: In a previous paper the new EBSYQ (Evolutionary Based SYstem for Qualifica-
tion and Evaluation of Group Achievements) system has been proposed for teachers and ju-
ries, helping them in making accurate and objective ranking. The analysis of the behaviour
of the special characteristic sigmoid functions of the groups gives the possibility to discover
some interesting points of view for qualifying the achievement and the standard of the groups
(subgroups of talented and under- motivated students, spectrum of the group, eigenvalues,
Lorentz function). This paper shows a case study of an international project of student groups
competition in the field of product design, with Finnish and Hungarian students. Comparison
of the decision process of the jury without using the EBSYQ system and with the application
of the system shows the efficiency of the qualification system in realizing a well-founded and
careful ranking of the groups, even in case of very close competition. Each point of view of
the decision-making system is evaluated by numbers, which can increase the objectivity and
accuracy of the decision.

Keywords: Sigmoid functions; evolutionary based system; evaluation, qualification and com-
parison of group achievements; EBSYQ methodology of qualification and evaluation.

1. INTRODUCTION

In this paper a system is shown and applied for evaluation, ranking and comparison
of results and achievements of groups or teams. The proposed system for comparison
and evaluation (EBSYQ) [1] can provide advantages to each participant in engineer-
ing education, testing or competitions: Teachers could more easily find the target
groups for special attention (close- up consultations, coaching, special instructions,
talent treatment etc.), the jury or decision makers could make decisions or selections
more quickly and objectively, eminent students could receive prizes or appropriate
ranking based on objective and accurate decisions, failing student could receive more
appropriate and targeted special consultations.

The efficiency of the proposed system is demonstrated through a case study of an
international project competition (RePCI, Reshaped Partnerships for Competitive-
ness and Innovation Potentials in Mechanical Engineering) of students. The deci-
sion-making process of the jury deciding the winning team of the competition is
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compared when they make the decision without using the EBSYQ system and we
can see the advantages when the system is used.

The case study shows that without the proposed system the results of the groups
are extremely close, if in one criterion one group was better, the other group was
better from an other point of view, so the final decision would normally contain a
high percentage of subjectivity. Since the new system is able to detect and compare
numerically every small differences, this subjectivity can be eliminated and the de-
cisions will be more objective, more precise and based on accurate numerical justi-
fication.

2. CASE STUDY: INTERNATIONAL STUDENT PROJECT ON PRODUCT DEVELOPMENT

Between September 2014 and January 2015, within the framework of the EU-fi-
nanced RePCI [2] (Reshaped Partnerships for Competitiveness and Innovation Po-
tentials in Mechanical Engineering) international project [3], JAMK (Jyviskyla Uni-
versity of Applied Sciences, Finland) and UM (Institute of Machine and Product
Design, University of Miskolc, Hungary) [4] carried out an international student pro-
ject in product development, titled “Design of a multifunctional garden tool” with
the helps and suggestions of the experts of Robert Bosch Power Tool Company,
Miskolc, Hungary.

Each partner university participated with an 8-member team, two teams were
formed, each with 3 Finnish and 5 Hungarian students. The two groups received the
same instructions and the same objective, but after this the groups worked separately,
within competition-like circumstances, without communication between the two
groups, even keeping their results secret from each other.

The objectives of the project were to:
— Increase intercultural competence
— Solve real-life problems
— Make contacts with international companies
— Gain interdisciplinary project skills
— Obtain deeper knowledge in project management
— Communication between group members during project realisation
— Increase social competence and communication skills
— Improve the ability to work in teams.

The total time of the project was one complete semester and the students worked
in the project as if completing a course, receiving 5 credits at the end. Two inten-
sive weeks were organised: the first intensive week was at the very beginning of
the project, in September 2014, in Miskolc, Hungary, with an introduction section,
and a chance for the Finnish and Hungarian students to get acquainted. During a
visit to the Bosch factory, the students received the description of the task, require-
ments of the product to be designed and all the necessary instructions to start the
project. They selected their own team leader from the members of the team, and
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they made every decision concerning the necessary steps of the solution, time
scheduling, task distribution amongst the team members, etc. Two supervisors
(teachers of mechanical engineering, with project realisation experience) visited
both teams regularly to answer guestions and give useful instructions during the
solution of the problems.

After the first intensive week the group members continued their work using com-
munication possibilities offered by the Internet (Google, Skype, e-mail, chat, Face-
book etc.). They solved the questions and sub-problems decided and distributed dur-
ing the first intensive week and they exchanged their results. This system was a great
challenge for the team leaders as well, working with groups with members in differ-
ent countries.

The second intensive week was in Jyviskyla, Finland, at the end of October 2014.
After one month of working, during this intensive week they put together their task
results, started to form the main concept of the designed product, and determined the
further steps necessary to solve the task completely. After the intensive week every-
one continued the work, similarly to after the first intensive week.

The project ended with a video-conference day in January 2015, where both
groups presented their results, each student having the chance to present his/her
own results, ideas and solutions in 5-10 minutes. After the presentations they re-
sponded to the questions and comments of supervisors, project manager, or others
in the audience. The work of the students was evaluated by the expert of the Bosch
factory and by the supervisors. Representatives of the local press (TV, radio, news-
papers) reported this event in the news, showing the pictures of the resulting prod-
ucts of the teams, giving a wider platform and reputation to the work and results
of the students.

2.1. Comparison of the groups without the EBSYQ system

At the end of the semester, the project reaching the stage of evaluating, comparing
and ranking the teams and the students participating in the project. Supervisors and
managers of the project and institutions together had to give detailed opinions and
evaluations on the work and results of the groups. Since both of the teams worked
excellently and each had a new and fully elaborated concept of a garden tool as
their result, the jury was really in a difficult position in making the decision of
which group could be the winner. As shown in Table 1, the two groups were very
good and their results were equivalent — if one group was better in one point of
view, other group was better in a different aspect. At that time the system proposed
in this paper was not yet available, therefore the decision at the end was very sub-
jective: Group A was chosen as the winning team, but the close result and out-
standing work of both groups were emphasised. Table 1 shows the points of view
used for the comparison of the groups and the points given (average points given
by the members of the jury).
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Table 1
Comparison of groups without EBSYQ system
(out of five points per item)

. . Group | Group

Points of view A B
Communication, interaction, attention to each 4 5
other
Distribution of tasks, organisation of the work 3 4
Time scheduling, creating and meeting 5 3
deadlines
Partitioning the tasks and assigning them 4 4
to members
Forming the main conception of the product 5 4
Price-analysis, material and technology costs 5 4
Taking into account the opinion

4 5

of the customers
Marketing, advertising and communicating 5 4
results
Presentation :
Timing, rhythm, fluency 5 4
Content, quality 4 4
Figures, pictures, colors 4 5
Each member presents his/her results 4 5
Communication with supervisors, questions 4 5
Sum of the points 56 56

2.2. Comparison using the EBSYQ system

For comparison, the usage of the evaluation and comparison system EBSYQ is
demonstrated, following the method of the system, analysing the curves and charac-
teristics of the groups. Since this system needs the point results of the group mem-
bers, it is necessary to create points for the individual comparison of the students and
it is necessary to give the points. This step is the only subjective one in this system.
A short description of the group members, without giving the names or without iden-
tifying the individuals:
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Group A [5]
Al: boy, Hungarian AZ2: girl, Hungarian A3: girl, Finnish A4: boy, Hungarian
Ab: girl, Finnish A6: boy, Hungarian A7: boy, Hungarian AS8: boy, Finnish

Group B [6]
B1: boy, Hungarian B2: girl, Finnish B3: girl, Hungarian B4: boy, Hungarian
B5: boy, Hungarian B6: boy, Hungarian B7: boy, Finnish B8: boy, Finnish

Table 2 gives all the results of the comparison points of view, taking into account
separately each group members, possible points are 1 to 5. On the basis of the data
givenin Table 2, it is possible to create the logistic function, the growth function and
the first derivative of the logistic function. In order to create the life-curve, it is nec-
essary to ,translate” these points into grades (1-5): for this reason, the following
limits were created: until 40 points, the mark is 1. From 41 to 45 the mark is 2. From
46 to 50 the mark is 3. From 51 until 55 the mark is 4, and 56 or above is 5. Using
these limits, Table 3 shows how many students obtained a given mark in the groups.
(The close competition can be seen here too, because the average of the marks in
both groups is the same, 3.62).

Figure 1 shows the resulting curves based on the data of the Table 2. The param-
eters of the approximating logistic curve and growth curve are given in Table 4. The
approximation curves can be seen in Figure 2. It can be observed that the growth
curve is very close to the logistic curve, so both can give a good approximation. All
the characteristics used for the comparison are collected in Table 6. It can be seen in
the figures and tables that in the case of Group B, the effect of a possibly under-
motivated (low performing) subgroup is weaker than in case of Group A, because
the regression coefficient of the logistic function is smaller for Group B. The shape
of the result curves, approximation curves and the derivative of the logistic function
is very similar for the two groups, also showing the close competition. Minimal slow
tendency can be seen in the curves shown by a horizontal part of the curves, but these
sections are short, which means that only a few students are included. The value
(point result) of the under-motivation zone in Group A is 45, while in of Group B it
is 50. The number of students involved: in Group A: 2, in Group B: 4. Note that a
second horizontal part with 2 students can be found in Group A around 50 points.

Table 2
Individual points of group member students

Pointof | A|A|A|A|A|A|A|A|B|B|B|B|B|B|B]|B

view | 1|23 |a|s5|e6|7|8|1]|2|3|4|5]|6|7]s
English 1yt s | 3\ 4|5 | a|a|3|als|3|alalals]|s
language

Com-
puter 4 3 3 5 4 4 5 3 5 4 4 4 5 4 3 5
skills

Engng
skills
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pointof | Al]A]JAJA]JA]JA]A]lA]B|[B|[B|B|[B|B|B]|B
view |1 |2 | 3|4 |5|6 |7 |8 |1|2|3|4|5]|6]|7]S8
Eco-
nomy |3 |4 | 43|54 |4 |3 |4|4|3|4]|4]3]|3]|4
skills
Mana-
ger | 3|4 |3 |4|5|3|4[3|4|3|4|4a|5|4|4]°5
skills
Com-
muni- | 4 | 4 | 3| 4|5 |4 |5|3|4|4|4|4|5|4)|4]°5
cation
Inter-
cul-
3/3|3|5|5|4|4|3|4|3|4|5|5]|4|4]|65
tural
skills
Tole- 4yl gl 4|5 |5 |ala|3|als|alals|alala
rance
Integ- 1 5 | 4y | 3|5 |5 |4a|5|3|5|3|a|a|s|a|als
ration
Com-
mn. 1 4 1l 4| 3|5 |5 |4|a|3|5|3|a|a|a|s|4a]s5s
with
superv
Presen- |\ g | 5 | 4 | 5|5 |a|5|als5|3|a|a|s5|5|als
tation
Quality
of | 4| 4| 4|5|5|4|5|3|5 |3 |4|4|5|4)|4]°5
results
Team-
member | 4 | 4 | 3| 4|5 | 4|4 |3| 4|3 |4|4]|5|5]|4]4
skills
Sum
of 51 | 45 | 44 | 59 | 63 | 52 | 58 | 41 | 58 | 43 | 50 | 54 | 49 | 55 | 49 | 62
points
Table 3
Data for the life curves of the groups
Group points 41-45 46-50 51-55 56-65
A Grade 2 3 4 5
No. of students 3 0 2 3
B Grade 2 3 4 5
No. of students 1 3 2 2
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Figure 1. Result curves of the groups, on the basis of individual points
Table 4
Parameters of the approximation curves
Group A Group B
curve Regr Regr
type K r ¢ coef. K r ¢ coef.
logistic 64 0.35 1 -0.922 62.5 0.36 0.71 —0.878
growth 64 0.24 0.5 -0.896 62.5 0.25 0.4 —0.848
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Figure 2. Approximation curves of the groups. The growth curve is very close

to the logistic curve.
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Figure 3. First derivative of the logistic curves of the groups
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A part of the curve showing better than average motivation can be seen in the curve
of Group B from 40 to 50 points, and for Group A this is from 35 to 45, so a slightly
smaller. Another good motivation section can be found for Group A at 58 points (2
students) and for Group B around 50 points, with 3 students. Table 6 shows several
points of view which gives equal points for the groups. This phenomenon decreases
the number of the available points, so instead of a maximum of 32 points in this case
there will be only 26.

The maximum of the growth velocity is somewhat higher for Group B (5.7) than
for Group A (5.5), but the place of the maximum is around 0 or in the negative zone,
therefore, this maximum is only theoretical, it does not show the effect of a subgroup.
The best point result in Group A is 63 and in Group B it is 62.

Table 5
Data necessary for Lorentzian curves
of the eigenvalues

Eigenvalue1 | Eigenvalue 2
Group K 3 3.2
A r 2 5.1
c 3.02 0.67
Group K 3 2
B r 3.1 5
c 0.9 4.9

Analysis of the life-curves and eigenvalues (Figure 4) also shows the similarity of
the groups and the close competition: each group has two eigenvalues. The data nec-
essary to write the equations of the Lorentzian curves of the groups for all the eigen-
values are collected in Table 5. Some differences can be found only in the signifi-
cance of the eigenvalues and in the half-maximum — width. The smaller dispersion
height or smaller dispersion width of a group (Figure 6) can be explained by the
better “cohesion” or by the closer cooperation of the group members. Figure 5 shows
the error functions for the first eigenvalue of the groups.
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[\ / . /
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h Group A B Group B

Figure 4. Life curve of the groups




Evolutionary based system for qualification and evaluation — A case study 57

Finally, from the possible 26 points of Table 6, Group A wins 14 and Group B wins
12, so the decision is that Group A will be the winner, with 53.85% of the points
while Group B has 46.15% of the points. (soccer-like result: 7 to 6 for Group A, it
was really a very close fight!).

Table 6
Summarizing table of the characteristics
No-
Type of Parameter name ta- Group | Group Comment Wins
curve . A B
tion
Slow growth 1 /i | 004 | 0076 | Lengthivalue A
(horizontal)
Real —
No. of students More motivation
curve of . n 3 4 A
involved needed
results -
Average p 362 362 Easily 3
of point results & ' ' comparable
Regression Strength
coefficient Rig | -0.896 | -0.848 of correlation A
Capacity
Growth K K 64 625 of the group A
function r r 0.24 0.25 Evolution _ B
(growth) velocity
Parameter
¢ ¢ 0.5 0.4 with mixed effect B
Regression Ra | -0922 | -0.877 Strength B
coefficient of conclusions
No. of failed .
students Anm 2 0 Undermotivation B
K K 64 62.5 Capacity A
of the group
r r 0.35 0.36 Growth speed B
Parameter
c c 1 0711 With mixed effect |
Logistic Place of under- M 45 50 Point result B
X motivation
function No. low motiv
students Ms; 2 4 Sub-group A
Excellentvalue | U 63 62 Record, best A
result
No. of excellent U 1 1 Better -
students * in the group
Place of higher | ¢ © | 5g 50 | Forwhichresult | A
motivation
No. high motiv. How many
students Es: 2 3 students B
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No-

with mixed effect

Type of Parameter name | ta- Group | Group Comment Wins
curve tion A B
1st deriv. | Maximum growth . A
of logist. speed Vimax 5.5 5.7 High motivation B
f. Place of maximum | v 0 -2 For which result A
K K 32 3 At mpst signif. A
eigenv.
r r| os1 | 31 Place and -
spreading
Param.
¢ ¢ 0.67 0.9 with mixed effect |
How many How many
. S 2 2 -
eigenvalues sub-groups
. Eigenresult
Eigenvalue 1 S1 2 3 of subgroup 1 B
. Eigenresult
Eigenvalue 2 Sy 5 5 of subgroup 2 -
Life Eigenvalue 3 s 3 3 Eigenresult 3
curve g 3 of subgroup 3
(Lorentz Signif.
function) | Significance of s; | Sz; 3.6 18 of the expectable B
result
_Slgnlf. Sz, 408 10 $|gn|f. A
of eigenvalue s, of eigenresult
Signif. Sz 3 B Signif. B
of eigenvalue s3 s of the result
Width at half max. n 06 2 Spreading around B
St the result
Width at half max. - 25 1 Spreading around A
S2 the result
Width at half max. - - Spreading around B
S3 ® the result
1st deriv. | Width of _Lorentz by 5 5 Dispersion width A
of profile
Lorfentz Height of _Lorentz hy 16 5 Dispersion height B
. profile
No. of students
Intg?ral K K: | 0.8803 | 0.858 for a result B
r=ri/c r 6.04 3.1 Mixed effect A
Lorentz- Parameter
function C c 3.02 0.9 -
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Figure 5. Error functions of the groups
(since K is smaller, Group B wins this point)
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Figure 6. Life curve, eigenvalues and Lorentz profiles of the groups




60 Ferenc Janos Szabo

Equations of the characteristic curves:

Logistic function: Growth function: Lorentz function:
_ _ _ -TrX — K
Y = = y(x) = K(1 = ce™™) y() = 557

The Lorentz profile is the first derivative of the Lorentz function.

3. SUMMARY

In this paper an evolutionary based evaluation and qualification system (EBSYQ) is
proposed and applied for the comparison of group or team results or achievements.
The evolutionary basis of the system comes from the application of sigmoid curves
(growth curve, logistic curve), since these curves can be used also for the description
of the iteration history of evolutionary type optimisation algorithms. Thirty-eight
different points of view are collected for the comparison of the group results, (twelve
of these points of view were equal or impossible to decide the winner of it). On the
basis of these comparison criteria it will be very easy for a teacher to find the appro-
priate target—sub-group for a given type of special work or consultation activity (for
talented students, competitions for outstanding students, increasing the interest and
attendance of average students, or special consultations or remedial work for under-
motivated or failed students). The application of this system during a competition
among groups (or selection of possible applicants for a job, etc.) makes possible to
the decision makers to see the existing differences more clearly, even if they are
small, and hard to detect or notice in other ways. This could help a jury or decision
makers to make decisions in more objective and accurate manner, numerically eval-
uating and comparing each point of view during the comparison process. The work-
ing and efficiency of the proposed system is shown by the comparison of the decision
making process during an international product design cooperation project with the
participation of Finnish and Hungarian student groups as a case study, with and with-
out the proposed system. The case study shows that without the proposed system the
results of the groups are extremely close, if in one criterion one group was better, the
other group was better from an other point of view, so the final decision would nor-
mally contain a high percentage of subjectivity. Analysis of the case study by the
EBSYQ system proves that the proposed method can detect and separate even very
small differences clearly and characterise them numerically, which can be useful
help even in case of very close competitions.

Application of the EBSYQ evaluation system of group achievements can be an
efficient tool in several decision-making situations in scientific and education fields,
resulting more accurate and more objective decisions, which can give advantages to
teachers in finding more precisely the target groups for special treatments and con-
sultations, or to decision makers in making better decisions more easily and quickly,
to the students or to the members of evaluated groups to win and obtain with higher
probability and on more objective basis the prize they are compete for and to arrive
more surely in a position where they can enjoy the results of their long, hard and
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diligent work. These results can be also useful during increasing the development
and methodology skills [7] of students and designers, as well as during the design of
talent- treatment, talent- nurturing programmes [8].

Further research in this theme could be to extend this system to other fields of
life: analysis and comparison of sports results (groups, individuals) or analysis of
evolutionary type optimisation algorithms.
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