Using Fuzzy Logic in Knowledge Tests
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Abstract. An article describes the specialties of nonlinear scale formation of
coincidence of standard answer with student’s answer, basing on application of
fuzzy logic during the test control of knowledge. It is given the detailed exposi-
tion of the mathematical apparatus that is used for substantiation the decision-
making on the formation of the coincidence scale of answers. The author notes
that using of the coincidence scale of answers gives the student an opportunity
to express doubt and specify any degree of true answer ranging from “False” to
“True”. In this case test results are measured in the opposite terms from clear to
fuzzy logic when the final mark is determined by the match of the answers. For
example, if reference answer is equal to student’s one it means that he/she
knows the materials, and vice versa if the reference answer does not match, stu-
dent does not know the topic. There are some types of the test tasks in the test-
ing with using the coincidence scale of answers. The article describes the pecu-
liarities off the parameter assignment of strictness the fuzzy-logic system. The
results of experimental verification of the proposed innovations’ effectiveness
are given. These results allow stating the improvement of the measurement ca-
pabilities off the test with using the coincidence scale of answers basing on ap-
plication of fuzzy logical calculations.
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1 Introduction

Fast and accurate evaluation of knowledge formation remains is a relevant task for
long-existing forms of learning. Moreover, it has become an increasingly important
for the recently emerged distance learning or blended learning (partial implementation
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of distance learning technologies into classes that are conducted traditionally). The
most important characteristics of the different forms of learning remains objective
monitoring of students' academic achievements and construction of effective teaching
methods based on it.

Further development of the theory and practice of the test control gives significant
prospects for achievement of such goals. Using the information and telecommunica-
tion technologies, the test control successfully completes and improves existing tradi-
tional forms and methods of knowledge control. Computerized testing carries out a
number of pedagogical functions assigned to knowledge test control, and becomes an
effective means of summarizing the results of learning at all stages of education, from
an entrance test to a comprehensive final exam.

2 Preconditions for using the fuzzy logic in the scaling of
students' answers

Educational measurement technologies are developing in the close cooperation with
the achievements of pedagogy, psychology, sociology and other empirical sciences,
which are characterized by using the quantitative and quality indicators, differ by
levels of manifestation of properties that are not measured directly. Due to this, there
is no exception in the development of scaling tools applied to interpret the student’s
responses in higher education institutions with a computerized test control of
knowledge.

The problem connected to the need in making available for the respondents in-
volved in the questionnaire, or student who participates in the test control of
knowledge, scale transfer of their judgments about the object of evaluation in the
quantitative description of the level of assessed property has been known for a long
time. Currently, there are several solutions proposed by different authors.

One of the first solutions was proposed by L. Thurstone [9]. The procedure of con-
structing the L. Thurstone scale is to provide an opinion about the level of assessed
property in the frame of a set of evenly distributed judgments. Text description of
each judgment is assigned a value of the level bar graph properties which corresponds
to an interval scale. The scale constructed in such way is an interval one and its usage
gives the possibility to apply a sufficiently wide range of statistical methods of pro-
cessing the measurements results. However, a large amount of preparatory work relat-
ed to the construction of the interval scale, relative equality of intervals, limit the
possibilities of its application for the evaluation of students' knowledge.

The scale, developed by R. Likert [5], suggests the existence of the alternative
judgments that reflect extreme levels of the assessed properties. These judgments can
be formulated as "strongly agree" through "uncertainty" to "strongly disagree" for the
test control. In addition, R. Likert scale bar graph set intermediate values associated
with the specific levels of the assessed properties. In the text description no more than
three of these intermediate values are commonly used, for example, "Somewhat

agree", "neither yes nor no," "Somewhat agree".



The R. Likert scale is an ordinal scale, and despite the fact that, usually, its con-
struction does not require the time-consuming preliminary work in the practice of
educational measurement finds limited application. This is due to the fact that within
the ordinal scales we can only arrange objects in ascending or descending order esti-
mates of measurable properties at the lowest possible statistical treatment of the re-
sults of evaluations. Besides, the accuracy of pedagogical measurements with the use
of scales that were developed due to approaches of R. Likert including numerical
grading based scales limited by number of intermediate values, the number of which
usually does not exceed 10-15.

Despite significant progress, reached for the last years in the different field of
knowledge in the developing sphere, systematization and the field of analysis the
results of practical application the methods of scaling the properties of qualitative and
quantitative indicators, we have to realize that new approaches have limited applica-
tion for the interpretation the student’s responses on the knowledge test control.

To improve the accuracy of the pedagogical measurement, including the empow-
erment of statistical processing of the measurement results, it is necessary, in our
view, to use such benefits in scaling the student responses using the ratio scale (hame,
by the definition of S.S. Stevens [8]). The mathematical apparatus of fuzzy logic will
help to do things mentioned above.

3 Basic Provisions

During a traditionally organized examination the roles of a teacher and a student are
allocated in accordance with the objectives of the oral control, when the teacher asks
questions in order to identify student’s generated knowledge. The student compre-
hends the questions and gives the answers, based on his/her idea of correctness of an
answer. Then the teacher makes a judgment based on the results of such statements
about the success of student’s answers to particular questions, also evaluates the
knowledge of all studied materials considering the total number of answers. Herewith,
evaluating student’s knowledge the teacher generally takes into consideration not only
the formal correctness of the answers, but also how they were given, and whether the
student was sure about the answers vs. showed a sign of insecurity, which may indi-
cate instable knowledge. At the same time the student may use interpersonal contacts
and consciously or unconsciously formulate the answer in such a way that it would let
the teacher trace the causes of the seemingly unsuccessful answer. The doubt ex-
pressed in the answer provides an experienced teacher with another information chan-
nel that allows proper evaluating of the actual level of student’s knowledge.

During classically organized test control, unlike oral examination, alienation of
teacher’s individuality occurs. Due to this fact, it is impossible to apply diagnostic
capabilities of the teacher during the control process in order to identify the actual
knowledge of the students.

Test control usually requires performing a task by selecting one of the possible an-
swers or giving an unequivocal answer formulated from a limited set of words, letters,
numbers, or graphics. In any case, the student should use his/her own experience and



make such an answer, which would contain the conclusion of true judgment in terms
of strict logic. However, it is not possible to express doubt or indicate how the answer
may differ from the correct one.

Checking results of the written test control the teacher has only a report of a stu-
dent containing no data about possible difficulties in formulating the response. There-
fore, the final evaluation cannot indicate whether the student was sure in the answer,
or just speculated it relying only on luck. Computerized test control is more formal
and matches the reference answers with the student’s ones.

Concerning that, the developed test control simulation model [1] proposes to per-
form computerized control of knowledge by using of an expert system (Fig. 1) based
on fuzzy logic [4]. Application of this system gives to a student the opportunity to
operate not only the classical values of logical variables like “false” and “true”, but
also to use their intermediate values fading from one extreme value (“false”) to an
opposite one (“true”).
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Fig. 1. Fuzzy logic expert system

The expert system uses piecewise continuous membership functions in order to define
how evaluation of student’s knowledge and his/her expressed statement relate to
fuzzy logic subsets. These functions have transitional areas presented as segments a-b
and b-c, connecting zero and one (maximum) levels of reliability (Fig. 2).
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Fig. 2. Membership functions for subsets of student’s statements (a) and evaluation of academ-
ic achievements (b)

A membership function for each term of the base term set of a logical variable “Level
of matching answers” (W(x)) is shown in Fig. 2,a. According to the mentioned above
chart, all possible values of the function W(x) are characterized as low, moderate or
high level of matching answers depending on how the student’s answer is close to the
reference one. At the same time, mismatch of the answers can be caused not only by
the incomplete knowledge, but also by insufficient confidence in knowledge, exces-
sive emotions, or any other reasons preventing the student from making an unequivo-
cal judgment about trueness of his/her conclusions.

Similar situation is with a membership function of a logical variable “Evaluation of
student’s knowledge” (€2(y)), where the terms of a base term set are characterized by
three gradations —“poor”, “average” and “full” (Fig. 2,b) — depending on how the
evaluation of the answer is close to one of evaluation scale criteria.

The presence of unrelated fuzzy logic sets allows to make such relevant fuzzy
statements as “if ... then...”. For example, clear logic accepts only two extreme state-
ments: “if student’s answer does not match the reference answer, then student’s
knowledge is unsatisfactory” and “if student’s answer matches the reference answer,
then the student has necessary knowledge”. Fuzzy logic accepts both these extreme
values, as well as any other intermediate statement linking the certain degree of an-
swer accuracy and the corresponding answer evaluation.

The matching of subset items of the postulating and stating parts of a statement
may apply a control function that is based on either “correlation —product encoding”
method or “correlation — min encoding” method [4]. Currently there are no evidences
confirming the preference of using one of these methods in computerized control of
knowledge. However, “correlation — product encoding” method is used in the simula-
tion model due to a number of reasons.

Sum combination method is used for getting a generalized logical statement.
Herewith, superposition of membership functions of fuzzy sets is defined as

@sum (Z) :@i (Z) '72, 16[1,3] (1)



Transformation of a fuzzy set into a single decision taken on the basis of fuzzy logic
statements requires using the gravity center of the fuzzy set membership function —
centroid defuzzification method.

4 Strictness Parameter

The application of fuzzy logic relieves the student from necessity to speculate if
he/she is not sure in the answer. Clearly indicating the degree of trueness in the an-
swer, the student thereby provides the data giving possibility of mathematically dif-
ferentiation of his/her academic achievements with high accuracy, and to perform
unambiguous evaluation.

Mathematical application of fuzzy logic to the test control can also enter a “strict-
ness” parameter. At the oral examination the teacher can somehow “forgive” a con-
troversial answer deviating from his/her idea of trueness. But a stricter teacher will
punish this controversial answer by a worse grade. Similarly to a traditional examina-
tions conducted by teachers with different ideas of perfect knowledge of materials, the
tests based on fuzzy logic may also be evaluated in different ways.

Fig. 3 shows an example of control which lets the student to give answers in rela-
tively simple way in terms of fuzzy logic, if it is added to the test software interface.
Indicating the degree of student’s answer deviation from the reference one requires
moving a slider to any position between the leftmost (“False”) and the rightmost
(“True), and clicking “OK”. The slider location is determined and converted into
relative coordinates, which are used for further calculations in a fuzzy logic expert
system.
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Fig. 3. Control of a fuzzy logic system

Rating answers and number of points accrued will depend on how the student indicat-
ed the degree of his/her answer matching the reference one. The number of points
accrued depends also on the “strictness” parameter, which is indicated by sections in
transition areas of membership functions —student’s answer matches / does not match
the reference answer, and the student learned / did not learn the controlled material.
Despite the fact that the coordinating of these segments have quantitative indication,
the level of strictness to student’s knowledge is measured qualitatively, in such terms
as “strict” (S), “stricter” (SS), “less strict” (LS), and “not strict” (NS), filling these
concepts with gquantitative measurement each time. Thus, if there is a necessity to
compare the results of control, then introduction of the “strictness” parameter requires
specified adopted coordinate values for transition sections.

Fig. 4 shows the charts illustrating changes in application rate of control for enter-
ing answers when implementing different “strictness” strategies of the fuzzy logic



expert system. In the diagrams was considered such data — we applied the information
about the students who used the element of fuzzy-logic system in the computerized
tests.

=
/ %:

7/

- ;‘8 — i /

0, ! % / é A A d

Student’s answers match the reference ones

30 I

TR
< 20 I
w0 20

NS LS SS S NS LS SS S NS LS SS S
| Strong | Average | Weak |

#— bottom line  m- confidence interval

Fig. 4. Application rate of the control

The chart in Fig. 4 shows that in case of specified extreme level “Strict” the vast ma-
jority of students (over 98%), regardless of degree the preparedness (relatively strong,
average and weak students) and degree of their answers matching with the reference
ones, rarely use the opportunity to make a statement in terms of fuzzy logic. Absence
of effective incentives upon the almost confident answer, and extremely punishable
little doubt lead to the fact that students prefer to answer in terms of “False”-“True”."
Thus, the fuzzy logic expert system capacities are practically not used. Therefore, it is
not recommended to use a “strict” test system for practical purposes.

Other manifestations of “strictness” are popular enough to use fuzzy logic. It
should be noted that the level “Not strict” is often demanded by weak students, as in
case of student’s answers matching the reference answers (30,5%+3,4%), and to even
greater extent in case of answer mismatch (62,5%z=4,1%). Therefore, this approach is
not recommended to be a priority in order to ensure that all students are in equal con-
ditions and none of them has any preference.

Table 1 shows the coordinates of the membership functions corresponding to the
level of “Stricter”. According to the chart in Fig. 4, it is often demanded and can be
recommended as the core level in the absence of any other preferences. This recom-
mendation can be confirmed by positive experience of use as the sole strictness pa-
rameter in the fuzzy logic system of test software SSUquestionnaire [7].



Table 1. Coordinates of membership function transition lines
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Discussing the data shown in Fig. 4, it is necessary to underline that they do not di-
rectly recommend any of strictness degrees in the test system. So there may be differ-
ent approaches to setting the “strictness” parameter. However, it is necessary to men-
tion that regardless of the adopted approaches to setting the expert system strictness
level, it must be set up prior to the test control. Any changes in the conditions of con-
trol through adjusting the strictness parameter for specific students, groups of students
or disciplines are unacceptable. Like the oral examination, on the one hand there is
contradiction between the desire to set up individual approach to each student and
evaluate his/her achievements with the strictness degree that would enhance learning,
vs. on the other hand, the requirement of compliance with the general approach to all
students. Therefore, differentiating the “strictness” parameter in a fuzzy- logic test
system can be justified for some special cases, but the general approach requires this
parameter to be standardized, and academic achievement of any student should be
equally evaluated, regardless of any subjective or objective circumstances.

5 Types of Tests

Despite the considerable variety of standardized test questions ([3], etc.), fuzzy logic
expert system accepts only two types of tests.

The first type of tests covers the tasks containing the questions that can be an-
swered using the full range of logical variables from “False” to “True”. These are the
questions that require to confirm or deny any statement, such as “Fish live in a water”,
“2 42 =4” or “The sun shines at night”, “2 +2 = 5, etc.

When performing the test of the first type a student can move the control slider of a
fuzzy logic expert system (Fig. 3) to any of the positions, which , in his/her opinion,
corresponds to the degree of answer trueness. If one of the extreme positions is select-
ed and student’s answer matches the reference answer, the highest possible score will
be awarded. If the selected extreme position of the slider does not match the reference
answer, there will be O points. Intermediate position of the slider will allow giving
intermediate (between zero and a maximum) number of points.

Another type of tasks includes the questions that can be answered within a half of
the range of logical variables from “Not true” (“Not false”) to “Truth”. These tasks
include questions along with two or more options of possible answers. At least one of
them is correct and at least one is wrong. For example, if the task has a question “2 +2
=?" along with three answer options “3”, “4” and “5”, and it is offered to determine



which one is correct, then examinee cannot select the wrong answer “3” or “5” stating
that it is false.

When performing such task, the control slider of the fuzzy logic expert system can
be moved within a range from the middle position “Not true” (or “False”) to the
rightmost position “True”. In this case, the maximum possible score will be given if
student’s answer matches the reference one and the rightmost slider position is select-
ed. In all other cases, the amount of points accrued will be determined by how stu-
dent’s answer matches the reference one (depending on the slider position).

Table 2 shows different scoring options for the two considered types of tests (max-
imum score for correctly completed task is 100 points).

Table 2. Points accrued for a completed task depending on student’s answer matching the
reference answer

Type of task Student’s answer matches the reference one
Type 1 False Ya 1/2 Ya True
Type 2 Yo 5/8 3/4 7/8 1
Strictness pa-| ‘S = = = = 5| 5| & = =
rametervalue | | 2 | 2| 5| | 5|9 = @ =
zZ pd pd zZ zZ
Answer eval- 1 |30 | 3 |70 |6 |9 |100 100
uated, points

6 Measurement Capabilities

For the evaluation of the impact of a fuzzy logic expert system on the measurement
capabilities of test knowledge control was made an experimental research.

The experiment engaged 228 students divided between the experimental and con-
trol groups. The groups were formed on the basis of current students’ progress. Mann-
Whitney [6] checks showed that the groups are homogeneous.

The students in the experimental group were given a fully functional test program
SSUquestionnaire, also they had an opportunity to give fuzzy logical answers. Strict-
ness parameter of the fuzzy logic expert system was set up as “Stricter” and did not
change throughout the experiment.

The test program used in the control group differed from the fully functional one,
since its fuzzy logic module was disabled. The students could not move the control
slider of the fuzzy logic expert system to any intermediate position; they had been
forewarned as well.

Test results of the experimental and control groups were processed mathematically.
They helped to estimate the strength of links between successful execution of individ-
ual test items and the final estimates the students received for all of the test questions.
Pearson correlation coefficient [2] was calculated for the test results of each group
independently. It was believed that the closer the absolute value of Pearson correla-



tion coefficient is to one, the tighter are links and measurement capabilities of the
relevant test.

Comparison of the received data showed that the experimental group revealed
closer linear dependence between the results of individual tasks and the general test
results than the control group. Pearson correlation coefficient in the experimental
group increased from 0,52 to 0,65 compared to the control group, that indicates better
measurement properties of the test.

7 Conclusion

Elimination the identity of the person from the process of control enables using the
diagnostic capabilities of the examiner during the test. This disadvantage of test con-
trol can be mitigated by use of an expert system developed on the basis of mathemati-
cal fuzzy logic.

The advantage of the fuzzy logic expert system hides in the fact that its introduc-
tion into a test program provides students with the opportunity not only to give the
answers based on strict logic, but also to indicate any degree of answer trueness rang-
ing from “False” to “True”. A student does not have to give a definite answer, even if
he/she is required to go beyond the scope of their own knowledge. He/she can express
doubt indicating how an idea of the true answer matches or does not match the refer-
ence answer. In this case, the test results are not measured in terms of clear logic (if
the reference answer matches student’s answer, then the student knows the material,
and vice versa), but in terms of fuzzy logic, when the final evaluation is determined
by how these answers match.

The proposed justification of the decisions made by the examiner on the basis of
the fuzzy logic expert system mitigates disadvantages of computerized testing as a
tool for educational measurements, but does not eliminate these disadvantages entire-
ly. Further efforts in the improving the theory and methods of test control, including
methods directed on the fundraising the computer equipment for modeling diagnostic
functions of the teacher in the control process will enhance the reliability of results of
the evaluation of student’s knowledge.
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