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Abstract

The aim of conducted investigation was to evaluate defined objectives,
presented materials and methods and interpretation of results in student’s
master theses in order to assess their scientific contribution. Firstly, evaluation
was performed by using the traditional methodology and fuzzy evaluation was
then conducted in a Fuzzy Logic Toolbox. Obtained values from two levels of
evaluation were generally compared. Results indicate that fulfilment of defined
criteria of evaluation is moderate. Evaluation mark in classical approach was
higher in most cases but fuzzy approach showed some advantages. The criteria
fulfilment for the logical-mathematical argumentation, as a prerequisite for the
analysis of scientific results, showed its paramount importance in the process of
classical and fuzzy evaluation as well.
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Introduction

The evaluation process consists of measuring the scientific contribution
of an individual or an institution. Similarly, it is a process by which something
iIs measured by comparing it with defined standards and criteria (Pavlovic,
2016). In response to the methodology of classical evaluation, fuzzy logic has
appeared as a tool for overcoming different types of uncertainty, imprecision,
vagueness and approximative reasoning.
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Fuzzy logic and fuzzy sets were introduced by Zadeh (1965). Different
applications of a fuzzy logic in education comprise fuzzy educational grading
systems and classification of students (Law, 1996; Fourali, 1997; Nolan, 1998;
Nykénen, 2006; Daud et al., 2011; McLoone, 2012), fuzzy clustering (Wang &
Bell, 1996), personnel selection (Petrovi¢-Lazarevi¢, 2001), soft computing
(Chaudhari et al., 2012), and faculty performance evaluation (Guruprasad et al.,
2016; Jyothi et al., 2014).

Contemporary studies are also oriented to evaluation of students'
performance (Kharola et al., 2015; Surya et al., 2016; Varghese et al., 2017),
faculty teachers’ work (Pavlovi¢, 2016) and general evaluation practices (Du
Prel et al., 2009). It is important to note that main obstacles students are facing
with in the process of preparing and writing master theses are the definition of
research objectives, the methodology of data analysis and the argumentation of
obtained data (results). It was reasonable to evaluate these sections from master
theses based also on the fact emerging from related investigations (Mic¢i¢ and
Bosanci¢, 2013; Mici¢ et al., 2014a,b) that authors sometimes use incorrect or
misleading methodology and fail to define research objectives or to interpret
data properly.

By a two-level evaluation, the level of a scientific contribution and the
relevance of descriptive statistics in master theses could be assessed.
Accordingly, aim of this research was to evaluate the defined objectives,
presented materials and methods and interpretation of results from master
theses defended at the Faculty of Agriculture of University of Banja Luka.

Materials and Methods

For the analyses, 26 master theses defended at the Faculty of Agriculture
of University of Banja Luka in the period 1994-2015 were used. In these theses
mainly descriptive (defined as research based on statistical population or research
using descriptive methods or measures) statistical approach was used. Two levels
of evaluation were performed here: classical and fuzzy.

Classical evaluation consisted of assessment of following sections from
master theses: 1) defined objective(s) and hypotheses (OB); 2) materials and
methods (MM) and 3) logical-mathematical argumentation (LMA) based on
specific evaluation criteria (like clarity of objectives for OB section, suitability of
planned methods for MM or control of variation for LMA). It also comprised the
analysis of fulfilment of these criteria and distribution of all theses at the Likert-
type scale (ranging from 0 to 5).
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Fuzzy evaluation was carried out in Matlab Fuzzy Logic Toolbox
software (R2016a 9.0 version). The fuzzy methodology included definition of
variables, fuzzification, fuzzy inference, defuzzification and interpretation. Fuzzy
inputs were 1. objectives (OB), 2. material and methods (MM) and 3. logical-
mathematical argumentation (LMA). Single fuzzy output was defined as fuzzy
evaluation value (FEV). Fuzzy linguistic variable was "master thesis quality".
Fuzzy labels were sufficient (S), desirable (D) and outstanding (O) for three
fuzzy inputs and adequate (A), good (G), very good (VG), excellent (E) and
remarkable (R) for single fuzzy output.

For all inputs a trapezoidal mf was used. For the output (FEV) a
combination of triangular and trapezoidal mf was used. A total of 27 rules were
defined in the fuzzy rule base. For the obtained 26 numerical values, the fuzzy
degree of membership pa (X) to fuzzy output (FEV) labels was calculated. Then,
a comparison between fuzzy and classical marks was presented.

Results and Discussion

All 26 master theses were distributed into the range from O to 5.
Evaluation marks ranged from 1.50 to 4.37 (OB section), from 0.93 to 4.70
(MM section) and from 1.13 to 4.50 (LMA section), respectively.

For the 26 numeric values, named as fuzzy evaluation values (FEV) a
fuzzy degree of membership pa (x) to different fuzzy output labels was
calculated. A 12 out of 26 master theses obtained the fuzzy degree of
membership pa (X) = 1 belonging to fuzzy output label very good (VG).
Remaining theses had different fuzzy degrees of membership with pa (X)
ranging from 0O to 1.

Classical marks were in all cases (except thesis 4) higher that FEV
marks and this difference varied from 0.09 (thesis 13) to 1.38 (thesis 8).

Where low mark was present in OB section, authors defined their
objectives too theoretically and some OB criteria were partly fulfilled. Here, a
clear link between objectives and interpretation of results is very important.
Some MM criteria were also moderately fulfilled and where low mark was
present, authors used different statistical software incorrectly, which was
assumed by McMillan (2000), who claimed that there is a danger that
technology will contribute to the mindless use of new resources. Nevertheless,
authors of theses were here missing to define a fundamental statistical concepts
like biometrical unit of research, population size etc.

The fulfilment of LMA criteria was moderate. This result could be
much better in order to improve the scientific contribution and the relevance of
statistics in each thesis.
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It can be done by performing following steps: establishing a clear
connection between defined objectives and presented results, detecting and
explaining high coefficients of variation, and also establishing a compatibility
between defined objectives and MM/LMA sections from master theses. It is
critical that all educators understand concepts like standard error of
measurement, reliability coefficients, confidence intervals, and standard setting
(McMillan, 2000). For example, performing t-test statistics with very low or
very high coefficients of variation lead a researcher to fallacious conclusions
(Mic¢i¢ and Bosanci¢, 2012; Mi¢i¢ and Bosanci¢, 2013; Mici¢ et al., 2014a,b).

In defuzzification the average experts’ marks produced 26 crisp values
(FEV), which had different pa (x) to fuzzy output labels. The pa (x) = 1 for the
fuzzy output label very good (VG) was achieved in 46.15% of cases (or 12 out
of 26 master theses). These grouping of FEV values is a consequence of fuzzy
input values, as well as the fuzzy scale, the specific range, type and shape of
fuzzy mf and a fuzzy rule base design.

The comparison between classical and fuzzy evaluation indicated that
only in thesis 4 there is no difference between two levels of evaluation. More
important, 96.15% of master theses obtained higher classical mark, similar to
results obtained in Kharola et al. (2015), Guruprasad et al. (2016) and Surya et
al. (2016) who found higher classical mark in faculty performance evaluation.
The advantage of a fuzzy approach is a possibility of modelling the level of
severity of evaluation criteria by changing fuzzy methodology. Therefore,
fuzzy approach can in some cases produce higher evaluation marks (McLoone,
2012; Daud et al., 2011; Chaudhari et al., 2012; Sakthivel et al., 2013; Jyothi et
al., 2014).

Conclusion

The two-level evaluation showed that scientific contribution and the
relevance of descriptive statistics of master theses is moderate in average, while
25 out of 26 analysed master theses obtained higher classical mark.

Study implications

Findings indicate a great gap between main sections from master theses
i.e. OB, MM and LMA sections must be interconnected closely. Also, the
opportunity to overcome disadvantages of a traditional evaluation (like
uncertainty, subjectivity and sharp boundaries between classes) is provided by a
fuzzy logic.
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Fuzzy logic bears the potential for changing the severity of established
evaluation criteria by adapting fuzzy methodology, instead of introducing new
evaluators and/or criteria.

Main limitations of this study

Generalizations can be done only for master theses with descriptive
statistical measures or tests. Some other theses' sections could be included in
evaluation. Limitations also emerge in the design of fuzzy rules and fuzzy mf.
Here, fuzzy methodology (with accent on the design of a fuzzy rule base)
should be unconditionally grounded in expert knowledge for a specific field of
research.

Future directions

Future directions should be aimed at a) designing different statistical
courses for improving students’ knowledge in statistics, b) evaluation of
scientific publications' general structure and c) adjustments of a fuzzy
methodology. One should also bear in mind that logical-mathematical
argumentation (LMA) plays a key role in different study designs and data
analyses.
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EBanyarnuja mactep teza y MATLAB codtBepckom
MakKeTy: OMpaBIaaHOCT (pa3u MpUCTyma

‘Bypal) Xajnep
Yuueepsumem y barwoj Jlyyu, [lomwonpuspeonu gaxynmem, Penyouxa Cpncka, buX
Caxerak

CripoBelileHO UCTpakMBame Oa3UpaHO je Ha eBalyallju IeUHUCAHUX
[MJbEBa, KOPUIITCHUX MaTepHjajia U METO/a pajia M HHTEPIIpeTaluje pe3yiTara
y CTYJCHTCKHM MAarucTapCKuM M MacTep paJioBUMa, Y IHJbY OIjeHe Hay4HOT
JONPUHOCA OBHMX pajoBa. [IpBM HHBO eBaiyalHje CIpPOBEACH je YHoTpeOoM
KJIaCUYHHX METOJa eBailyaluje, JOK je Yy JpyroM HHBOY €Ballyaluje
kopuiuteHa ¢asu wmeromonoruja 'y MATLAB Fuzzy Logic Toolbox
coTBepckoM makery. M3BpiieHo je renepanaHo nopeheme oljeHa 100ujeHux y
IBa HHBOAa eBalyanuje. Pesynratm yka3yjy Ha OCpeAmy HCIYHEHOCT
nepuHucaHUX KpuTepujyma epamyanuje. OijeHa poOujeHa IPUMjEHOM
KJIACUYHUX METOoJla eBaslyauuje je Oumia Buma y Behunu ciydajeBa, MehyTum,
da3u mpuctyn mnokazao je oxapehene mpemHoctu. Peanmzanmja kputepujyma
eBallyalyje 3a JIOTHYKO—MaTeMaTH4YKy apryMeHTaldjy, Kao MpeaycioBa 3a
aHaJIM3y Pa3lIMUUTHUX HAYYHUX pe3yiTara, OWia je M3y3eTHO 3HauyajHa, Kako y
KJIACUYHO] TaKO U Yy (a3u eBayallyju.

Kwyune pujewu: nayune nyonukanuje, hasu oijeHa, OnomMeTpuka, Gpasu JIOruka.
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