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Abstract—In this articl, the system analysis of the subject area of the evaluating the test results problem
is performed, as a result of which it is classified into clear and fuzzy concepts and relations of the
problem, which allowed choosing the fuzzy logic apparatus as the main formalism of the problem
solution. Scaling for all linguistic variables of the problem, which allowed to determine their term set
reasonably was performed. The fuzzy logic structure was given. The structure of fuzzy logic inference was
considered. The principle of constructing fuzzy rules, which allowed to develop production rules for
assessing the trainee’s knowledge level using specified input and output linguistic variables is
considered. The stages of usage fuzzy logic in the knowledge assessment adaptive testing system was
considered. Structure of the knowledge assessment system with fuzzy logic was given. The scheme for
submitting questions to the trainee is considered. The structure of adaptive testing system using fuzzy
logic is developed.The results of applying adaptive testing in the knowledge assessment of the
experimental and control groups of trainees are presented. Based on the obtained results, the
effectiveness of adaptive testing based of the fuzzy logic in the process of trainee’s knowledge assessment
is shown.

Index Terms—Automated testing system; computer knowledge assessment; adaptive tests: fuzzy logic;

fuzzy logic inference.
I. INTRODUCTION

Due to the growth of technical progress, one of
the main tasks is to improve the quality of teaching
new technologies. One of the ways to solve this
problem is the widespread use of computer
technologies at all stages of training, in particular, in
the process of testing knowledge.

To date, the most significant problem in
knowledge management systems is the primitive
final evaluation calculation. Most often, the number
of points for a test task is determined as the ratio of
the correct answers number to the proposed answers
number, and the total score for the test calculates by
simple summation.

At the same time, each issue has some level of
complexity, maybe more or less original. It is also
necessary to take into account the test task practical
importance, since an incorrect answer to a
fundamental or practically important question should
reduce the overall assessment of the future specialist
skills.

The transition from setting the truth of the
proposed answers in the categories of binary logic
("correct—incorrect") to a more general and universal
estimation scheme, taking into account partially true
or incomplete answers, is possible with membership
functions defined in categories of fuzzy logic. Such
a transition does not deny the traditional approach,

because according to modern concepts binary logic
can be considered a special case of fuzzy logic.
Fuzzy logic is used in common with traditional
methods. It makes possible to simplify the creation
and expansion of the possibilities of traditional
methods.

To increase the accuracy and reliability of
evaluating learning outcomes, the use of a fuzzy
logic apparatus is proposed.

II. Fuzzy LOGIC STRUCTURE

A fuzzy logic inference is the approximation of
the dependence Y = f (X, X5 ... X,) of each output
linguistic variable on the input linguistic variables
and obtaining a conclusion in the form of a fuzzy set
corresponding to the current input values using a
fuzzy knowledge base and fuzzy operations. The
basis of fuzzy inference is the compositional Zadeh
rule. The structure of the fuzzy model is shown in
Fig. 1.

In the general case, a fuzzy logic inference occurs
in three (or four) steps.

1) Fuzzification. Conversion of numeric values
to the specified fuzzy sets values using their
membership functions.

2) Fuzzy logic inference. This stage is a process
of transforming input values based on a rule base,
which is a set of fuzzy statements presented as
IF__ELSE rules, and membership functions for the
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corresponding linguistic terms (natural language
phrases). The rules base is considered complete if
the following conditions are met:

— for each linguistic term there is at least one

— for any input variable, there is at least one rule
where this variable is used in the condition.
3) Defuzzification. Used when it is useful to convert
a fuzzy set of linguistic variables inference values to

rule; exact values.
_ _ Inference
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Fig. 1. Fuzzy logic structure

The structure of the fuzzy inference is shown in
Fig.2. It consists of several layers, where:

1 layer is the input layer that realizes the test
questions. This is the layer of the input variables
fuzzification.

2 layer an intermediate layer that implements
logical rules. This is the layer of aggregation of the
left parts of rules;

3 layer is the output layer, realizing the
evaluation in a 12-point scale. This is the layer of
defuzzification.

Fig. 2. The structure of fuzzy inference

III. PROBLEM STATEMENT

Given test consists of N number of questions.
Each question has its own level of complexity and
practical significance.

It is necessary to determine the quality of the
certain question, which has the following
characteristics: the value of "complexity" — 85 and
the value of "practical significance" — 50.

All questions are structured around topics,
complexity, importance, which allows to set logic
rules for tests of each topic.

Input variables:

— the total number of questions in the test on a
certain topic;

— total number of correct answers;

— the number of correct answers for each
complexity level.

Output variables:

— trainee’s knowledge level;

— test assessment.

The logical rule will be constructed as follows:
the trainee's score will be determined depending on
the number of questions, the number of correct
answers, the number of correct answers for a
particular level of complexity.

If the final testing is conducted, which includes
questions from different topics with different levels
of complexity, then the logical rules will consist of
the following evaluation criteria.

Input variables:

— total number of questions;
total number of topics;
the number of correct answers on each topic;

— the number of correct answers on each
complexity level;

— the number of correct answers on each level
of importance (weight of the question).

Output variables:

— trainee’s knowledge level,

— test assessment.

If we consider each question separately, where
the time for passing the test is limited, then in order
to determine the question quality or its cost
(evaluation) the following evaluation criteria can be
used.

Input variables:

— level of question complexity;

— the practical importance of the test task
(weight);

— question answering time.



V.M. Sineglazov, A.V. Kusyk Adaptive Testing System Based on the Fuzzy Logic

87

Output variables:
— trainee’s knowledge level,
test assessment.

The fuzzy approach in control testing of the
trainee’s knowledge allows using the fuzzy logic
device as an effective means of setting up
assessments process automating, which occurs at the
stage of defuzzification.

IV.

PROBLEM SOLUTION

The quality of test tasks is determined by many
factors: relevance, complexity, originality, practical
significance, accuracy. The most important of them
are complexity and practical significance.

Therefore, it is necessary to define the following
linguistic variables: "complexity" S and "practical
significance" Z.

Points for S are summed up in the following
positions: the number of the answer variants, the
complexity of the question, the need to perform
additional calculations for the answer, the total
amount of questioning and answer variants.

Points for Z are summed up according to the
following positions: the fundamental nature of the
question, the applicability of the question in practice,
the importance of giving the correct answer on the
proposed test task.

The maximum number of points for each position
is determined in advance.

For both linguistic variables S and Z the term set
("low", '"intermediate”, "high") is given. The
membership functions for terms are shown in
Figs 3 and 4.
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Fig. 3. Membership function of the “complexity”
linguistic term
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Fig. 4. Membership function of the “practical
significance” linguistic term

The output variable is k is the quality factor of
the question, which is determined in the range from
two to eight. The number of points scored by the
trainee for answering the question is multiplied by
the coefficient & numerical value. Thus, different

1
10

questions have different maximum possible number
of points scored. Naturally, when the overall score is
given, the number of points scored by the trainee
must be correlated with the total maximum possible
number of points scored.

The term set for variable & is given in the form
{"High", "Intermediate", "Low"} (Fig. 5).

It is possible to write the inference rules in the
Mamdani form:

IF S is "low" and Z is "low" THEN £ is "high",

IF S is "intermediate" and Z is "intermediate"
THEN £ is "intermediate",

IF S is "high" and Z is "high" THEN £ is "low".
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Fig. 5. Membership function of the “quality
coefficient” linguistic term

We will calculate the value of the quality factor.

Consistently consider the stages of fuzzy
inference:

1) Firstly, from the given values of the input
parameters, it is necessary to find the confidence
levels of the simplest statements of the form
"Linguistic variable 4 is Term of linguistic variable
A". This stage is called fuzzification, i.e. transition
from specified values to confidence levels.

The following confidence levels are given:
high complexity — 0.7;
intermediate complexity — 1;
low complexity — 0.3;
high practical significance — 0.5;
intermediate practical significance — 1;
low practical significance — 0.5.

Then it is necessary to calculate the confidence
level in the premises of the rules:

Low complexity and Low
significance:

practical

min(0.3, 0.5) = 0.3.

— Intermediate complexity and Intermediate
practical significance:
avg(l, 1)=1.

— High and

significance:

complexity High practical

max(0.7, 0.5)=0.7.

It should also be noted that, with the help of
transformations of fuzzy sets, any rule that contains
both a conjunction and a disjunction on the left-hand
side can be reduced to a system of rules, on the left
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side of each one there are either only conjunctions or
only disjunctions. Thus, without loss of generality,
we can consider rules containing on the left-hand
side either only conjunctions or only disjunctions.
Each of the rules is a fuzzy implication.

2) The confidence level of the conclusion is
determined by the membership function of the
corresponding term. Therefore, using one of the
constructing a fuzzy implication methods, it is
possible to get a new fuzzy variable corresponding to
the confidence level about the output variable value
when applying the corresponding rule to the given
input. Using the definition of fuzzy implication as a
minimum of the left and right parts, we have:

Rule 1 Rule 2 Rule 3

1 T 1 1 T

Fig. 6. Rules for output value

3) Now it is necessary to combine the results of
applying all the rules. This stage is called
accumulation (Fig. 7). One of the main ways of
accumulation is to build the maximum of the
obtained membership functions.

As a result, the following structure is obtained.

Fig. 7. Accumulation

The obtained membership function can already
be considered as a result. This is the new term of the
quality factor output variable. Its membership
function indicates the confidence level in the quality
factor value for given values of input parameters and
rules that determine the ratio of input and output
variables. But usually it's still necessary to have a
specific numerical value.

4) To obtain it, the defuzzification stage is used,
i.e. obtaining a specific value from the university by
the membership function specified on it. There are
many methods of defuzzification, but in our case,
the first maximum method is sufficient. Applying it

to the received membership function, we get that the
value of the quality factor is 5.

Therefore, it is possible to determine the stages of
decision-making under conditions uncertainty using
the Mamdani algorithm:

1) the selection of factors, on the basis of which a
decision will be made. For each factor, set its values
(term-set), define the membership functions for each
linguistic term from the basic term-set. In addition, it
determines the level of confidence for each rule;

2) calculation of each rules outputs using the
operation of a minimum;

3) the union of all fuzzy sets obtained at the rules
output, using the operation of the maximum in a
single fuzzy set;

4) the transition from a fuzzy set to a specific
value (if necessary).

Thus, the use of the fuzzy logic inference for
decision-making has the following advantages: the
ability to operate with fuzzy input data, fuzzy
formalization of evaluation and comparison criteria.

Testing assessment system is implemented using
a fuzzy logic method to assess the trainee’s
knowledge.

The structure of the knowledge assessment
system which is implemented using a fuzzy logic is
represented on the Fig. 8.

— Testing subsystem - implements the interface
of the trainee and the adaptive knowledge
assessment system interaction.

— A block of disciplines is a subsystem
responsible for filling in and storing information
about disciplines, the interrelations between subjects
of disciplines and determining the degree of
importance of a topic.

— The adaptive tests formation subsystem -
allows to set the required level of quality of the
created tests and determine the values of the
parameters of the test being created.

— Base of questions - repository of questions on
a given topic. Through the interface of the adaptive
tests formation subsystem, the administrator gets the
opportunity to form test questions of various types,
to determine the relationships between them, to set
the positive or negative weight of each answer to the
formulated question.

— Knowledge base — is a fuzzy knowledge base
that allows to evaluate the answer to each test task
and the control task as a whole.

— The subsystem of knowledge assessment
based on fuzzy logic — allows to adequately assess
the knowledge of the trainee taking into account the
quality of the test, the level of theoretical and
practical knowledge of the trainee for each topic and
in general throughout the course.
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— Database of test results. All test results are
saved and used in the preparation of analytical
reports on trainees’ progress.

The basis of the knowledge testing system is the
subsystem of intelligent knowledge assessment
based on fuzzy logic. The system is implemented in
two levels.

At the first level, the trainee’s knowledge
assessment is made on each topic separately, on the
second level, a final assessment is formed.

When the trainee passes the test, not only the
basic questions that are the basis of the "ideal" test
are taken into account, but also a B, question similar
to the question Bj; Bis- leading question; Biy- the
question of minimal difficulty, so the number of
points on the ith level of complexity is usually less
than R; (Fig.9). This achieves adaptation to the
determining of the trainee’s knowledge level. The
trainee loses points in cases of incorrect or
inaccurate answers, so the final score for the test
may differ from 100.

Questions base

A 4

Knowledge base

A

A 4

Testing subsystem Discipline block

N Adaptive tests
"| formation subsystem

Administrator

T

Trainee <

Final assessment
formation <
subsystem

Knowledge
assessment subsystem
based on the fuzzy

logic

A
Y

Testing results base [

Progress analysis P
subsystem by courses

Fig. 8. Structure of the knowledge assessment system with fuzzy logic
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V. RESULTS

Statistical data of a computerized testing system
showed that with the systematic application of
testing in knowledge assessment, the level of
knowledge of learners is increased.

To check the effectiveness of the computer
adaptive testing system, an experiment was
conducted to compare the level of knowledge quality

of learners with traditional and computer-based
assessment.

The results of the assessment of knowledge in
traditional testing, which was conducted in two
groups - control and experimental are in [8].

To check the effectiveness of using the adaptive
testing system, in the control group knowledge
assessment was conducted by means of traditionally
testing, and the experimental group used the
computer system to assess the level of knowledge.
The results are shown in [8].

Based on the presented experimental data, it can
be concluded that the use of computer adaptive
testing increases the training characteristics such as:

— efficiency: significantly fewer tasks are required
to assess the level of preparedness of the subject;

— accuracy: the ability to assess the level of
preparedness of each subject at his level with a
minimum measurement error;

— reduced probability of guessing the correct
answer;

— learners do not spend time and effort on tasks
that do not correspond to their level of preparation
(too easy for them or too difficult), therefore the
influence on the results of additional factors (fatigue,
anxiety, inaccuracy) decreases;
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— the learners are more motivated and calm http://cblis.utc.sk/cblisdold/2003/3. PartB/Papers/Scie
(because they are not offered tasks, which are too nceEd /TestingAssessment/Papanastasiou.pdf
difficult for them). [3] “TestMaker” testing system [Electronic source]

http://www.pushtotest.com/products.

VI. CONCLUSION . . .
[4] “Indigo” testing system [Electronic source]

Computer testing allows to wuse additional https://indigotech.ru
features when developing tasks and administering [5] L. N. Radvanskaya, and Yu. V. Chepurnaya,
them in comparison with traditional blank testing. “Algorithm for constructing a computerized adaptive
Thanks to adaptive testing using fuzzy logic, each knowledge testing system for trainees,” System
trainee gets his own set of tasks, so both the content information boxes, Issue 5(72), pp. 182185, 2008.

and length of the test can differ for different trainees, (in Russian)

each trainee is assessed individually (at his level) [6] S. V. Duplik, “Model of adaptive testing on fuzzy

with a minimum measurement error. mathematics,” Kazan State Technical University
Assignments that adaptive computer testing them. AN Tupolev, 2016. (in Russian)

based on the fuzzy logic offers the trainee become ~[7] K. A. Goncharova, V. S. Dobryak, and M. S.

more complicated gradually and ideally fit his or her Mazorchuk, “Knowledge control system based on

knowledge and skills at each moment of testing, adapted testing technology,” Problems .and prospects
. . . of IT industry development in Ukraine: International
increasing the motivation to pass the test.

science-practice Conf.,, 18-19 November 2009.
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B. M. Cunernason, A. B. Kycuk. Cuctema ajanTHBHOI0 TeCTYBaHHS HA OCHOBI HEYiTKOI JIOTiKH

[IpoBeneHo cucreMHUI aHami3 MpeAMETHOI OONACTi OI[IHKU MPOOJIEMH PE3YNbTaTiB BUIPOOYBaHb, B PE3yJbTaTi 4OTrO
Horo Mo)kHa KJIacu(iKyBaTH Ha YiTKi 1 HEYITKI KOHIIEMIIiT, 0 J03BOJIsIE BUOMPATH TPUCTPIl HEUITKOI JIOTIKK B SIKOCTI
OCHOBHOT'O pillleHHs npoOiemMu. Buxonano wmacmraOyBaHHsS Ui BCIX JIIHTBICTHYHMX 3MIHHHX MPOOJIEMH, IO
JIO3BOJIJIO BU3HAYUTH HaOlp TepMmiB. JlaHa CTpyKTypa HEUITKOI JIOTIKH. PO3IMISIHYTO CTPYKTYpY JIOTIYHOTO BUBOAY
HEYITKOI JIOTiKU. PO3MIIAHYTO MPUHIMIT MOOYIOBH HEUITKUX MPABHJI, IO O3BOJSIE PO3POOIIATH MPOAYKIINHI MpaBuiia
JUISL OLIHKY PiBHS 3HaHb Y4YHS 3 BUKOPUCTAHHSM 3a[aHUX BXIJIHUX 1 BUXIJHUX JIHI'BICTUYHHX 3MIHHUX. PO3risHYTO
€Tany BUKOPUCTaHHS HEYITKOI JIOTIKA B CHUCTEMI aJaliTUBHOTO TECTYBAaHHs 3HaHb. J[aHa CTPYKTypa CHCTEMH OLIHKH
3HaHb 3 HEYITKOIO JIOTiKOI0. PO3IIIsIHyTO CXeMy mojiadi MUTaHb ciayxadeBi. PO3po0iieHO CTpyKTypy alaTUBHOI CUCTEMH
TECTyBaHHS 3 BUKOPHCTaHHSIM HEWIiTKOi JOriku. [IpencraBieHi pe3ynbTaTu 3aCTOCYBaHHs aJalTHBHOI'O TECTYBaHHS B
OLIHIII 3HaHb EKCIIEPUMEHTAJIbHOI 1 KOHTPONBHOI Tpyn Y4HiB. Ha OCHOBI OTpuMaHHMX pe3yiabTaTiB IIOKa3aHa
eeKTUBHICTh aJalITHBHOT'O TECTYBaHHS HA OCHOBI HEUITKOI JIOTiKH B TIPOIEC OI[IHKH 3HAHb y4HSI.

Karwu4oBi cioBa: aBromMaTtn3oBaHa CHCTEMa TECTYBAaHHS; OLiHKA KOMITIOTEPHHX 3HaHb; aJalTHBHI TECTH; HEYiTKa
JIOTiKa; HEYITKHUM JIOTTYHUI BUCHOBOK.
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B. M. Cunerna3os, A. B. Kycuk. CucreMa a1anTHBHOr0 TeCTUPOBAHHMS HA OCHOBAHMH HEYeTKOM JTOTHKHU
[IpoBeneH cucTeMHBIH aHAIU3 TPEIMETHOH 00JIACTH OLIEHKH HPOOJIEMBI PE3YJIbTaTOB UCIIBITAHUH, B PE3YJbTATE YEro
€ro MOXXHO KJIaCH(UIMPOBATh HAa YETKHE W HEYETKHE KOHIIEMIIMH, YTO TO3BOJSET BHIOMpATh YCTPOHCTBO HEYETKOM
JIOTUKA B KayeCcTBE OCHOBHOTO pEUIeHUs NpoOsieMbl. BhIMoiHEHO MaciiTaOMpoBaHHWE IS BCEX JIMHTBUCTUYECKUX
MEPEMEHHBIX MTPOOJIEMBI, YTO IMO3BOJIIIO ONPEACTUTE HAa0Op TepMoB. JlaHa CTpyKTypa HEYETKOM JIoruku. PaccMoTpeHa
CTPYKTypa JIOTHYECKOTO BBIBOAA HEYETKOW JIOTMKH. PacCMOTpeH TMpPHHIMIT ITOCTPOSHHS HEYETKHX MpaBull,
TMIO3BOJISIIOIIUI pa3padaThiBaTh MPOAYKIMOHHBIE TIPaBHIa JJIsl OLEHKH YPOBHS 3HAHHH 00y4aeMOro ¢ MCIIOIb30BAaHHEM
3aJJaHHBIX BXOIHBIX M BBIXOIHBIX JIMHIBHCTUYECKUX IEPEMEHHbIX. PacCMOTpEHBI ATamnbl WCIIOIb30BAHHS HEUETKON
JIOTUKA B CHCTEME aJIallTUBHOTO TECTUPOBAaHUWs 3HaHWHA. JlaHa CTPyKTypa CHCTEMBI OLEHKH 3HaHHHA C HEYEeTKOU
Jorukoi. PaccMoTpeHa cxemMa moOjauM BONPOCOB ciymaTtenro. Pa3zpaboTaHa cCTpyKTypa afalTHBHOW CHCTEMBI
TECTUPOBAaHHUS C KCIONb30BAHUEM HEYETKOH JIoruku. [IpeacraBieHbl pe3yiabTaThl NPUMEHEHUS aJalTHBHOI'O
TECTUPOBaHUS B OLEHKE 3HAHWH SKCIEPHUMEHTAIBHONW M KOHTPOJBHOHM rpymnn oOydaeMbix. Ha ocHOBe momy4eHHBIX
pe3yNbTaToB MoKa3zaHa 3PEKTUBHOCTh aAANTHBHOIO TECTUPOBAHUS HA OCHOBE HEUETKOW JIOTMKH B IPOIIECCE OLEHKU
3HaHUI 00yJaeMoro.

KnroueBble ci1oBa: aBTOMAaTH3MpOBaHHAs CUCTEMa TECTUPOBAHUS;, OIEHKAa KOMIIBIOTEPHBIX 3HAHWM; aJalTHBHBIE
TECTBI; HEUETKas JIOTUKA; HEUETKUH JIOTHUECKUH BBHIBO/.
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