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ABSTRACT

Traditional assessment methods in education often rely on rigid grading structures that may fail to capture the nuances of
language skills, especially in subjective areas like writing. This article explores how fuzzy logic, a mathematical system that handles
imprecision, can enhance English writing assessment by providing a more flexible, holistic view of students' abilities.

Formulation of the problem. English writing is a fairly subjective practice that, due to its interpretative nature, can often present
instructors with a challenge when it comes to administering evaluations that are impartial and purely objective. This paper aims
to propose a proper way of investing rigor and focus on the core principles of English writing into the process of reviewing student
work through the applied integration of mathematics’ fuzzy logic.

Materials and methods. The resources included in this article are a variety of robust and innovative works of academic literature
that have proven their relevance and advancement to the field of mathematics and also pedagogical assessment methodology.
The primary studies and their respective demonstrations of research are productively referenced throughout this paper to
concretely elucidate how fuzzy logic can make a difference in forming adequate feedback for English writing students.

Results. The results point to fuzzy logic-based assessments of English writing having merit that is long overdue in English
classrooms.

Conclusions. Overall, this article recognizes that fuzzy logic-based assessments of English writing are a ruthlessly efficient,
convenient, and innovative strategic approach to scrutinizing student work with fairness, absence of creative bias, and
extensiveness.
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AHOTALIA

TpapuuiiHi MeToaM OLIHIOBAaHHA B OCBITi 4acTO CMMPAIOTLCA HA XOPCTKI KpUTepii OLiHIOBaHHA, AKI MOXYTb HE BpaxoByBaTK
TOHKOLLi MOBHUX HaBUYOK, 0COBNNBO B Cy6'eKTUBHUX cdhepax, TaKUX AK NUCbMO. Y CTaTTi AOCNIAKYETCA, AK MaTeMaTUYHUI
anapaT HeyiTKOi NOTiKK, Lo NPALIOE 3 KHETOYHOCTAMMY, MOXe MOKPALLMTU OLIHIOBAHHA aHMNiNCbKOro NucbMa, 3abesnevyroumn
6inbLU FHYYKMI Ta LiNICHUI NigXia, [0 OLiHIOBAHHA 34i6HOCTEN CTYAEHTIB.

®dopmyntoBaHHA Npobnemn. AHMiicCbKe NUCbMO € A0CUTb Cy6'EKTMBHOIO MPAKTUKOK, AKA Yepes CBOH iHTepnpeTauiiHy
NPUPOAY YacTo YTPYAHIOE BUKa4aYam npoBeaeHHs 06'EKTMBHOrO Ta HeynepeaXeHoro OLiHIOBaHHSA. Y CTaTTi MPOMNOHYETLCA
MOX/MBUI NiAXiZ A0 OLIHIOBAHHSA, AKWI 3a6€3neunTb CTPOFiCTb Ta aKLEHT Ha OCHOBHWUX MPUHLMNAX aHINIACbKOro NUcbMa,
npu nepesipui pobiT CTyAEHTIB WAAXOM 3aCTOCYBAHHA MaTEMATUYHOTO anapaTy HeYiTKOI IOTiKW.

Martepianu Ta meTogm. Y CTaTTi BUKOPUCTAHO aHai3 Ta CMCTEMATM3aL,il0 HAyKOBUX Ta HAayKOBO-METOAUYHUX Nybnikauin 3
npob6semu meTog,0N0rii NeAaAroriYyHOro OLiHIOBaHHA Ta OCHOBHMX MOJIOXKEHb HEYITKOI IOTIKU.
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Pe3ynbratn. OUiHIOBaHHA aHMINCbKOrO MMCbMa Ha OCHOBI HEYITKOI IOMiKM Ma€e 3HA4YHMI NOTeHLian, AKUA gasHo cnig byno
BMNPOBAAWTUN B HABYAHHI aHMNICbKOT MOBM.

BucHOBKMU. OLiHIOBaHHA NMCbMA Ha OCHOBI HEYITKOI NI0TiKM € ePEKTUBHUM, 3pYYHUM Ta iIHHOBALIMHMM CTPaTEriYHMM NigXo4om
[0 aHanisy pobiT cTyaeHTIB, Wo 3abe3nedyye cnpaBeanBICTb, BiACYTHICTb TBOPUMX yNiepeasKeHb Ta BCeBIUHICTb OLiHKM.

K/TKOYOBI C/TIOBA: He4imKa s102iKa; OYiHIB8AHHA MUCbMQA; KOMMIO3UUisa NucbMa; Memood yeHmpy saau; oepasugikayis.

INTRODUCTION

English writing assessment often presents a challenge due to its inherent subjectivity. Traditional grading schemes are
limited in capturing the subtleties of written expression, and they frequently reduce performance to a single letter or number.
However, fuzzy logic, developed to manage uncertainties in decision-making processes, offers a promising alternative. Rooted in
the concept of partial membership within categories, fuzzy logic provides a structure to evaluate qualitative aspects of writing
with greater flexibility, enabling assessments that reflect a range of competencies rather than fixed labels.

English writing assessment is often approached with a strong force of subjectivity targeting the important English
composition assessment areas of structure, stylistic choices, authorly intentions, literary fundamentals (i.e., spelling, grammar,
punctuation, syntax, etc.), and organization of ideas. The criteria with which frequently passed English writing judgments consult
is often quite stringent and perhaps even too narrowed down, failing multiple times to take into account the much larger and
significantly broader scope and dimension of writing as a craft (Phakiti & Leung, 2024).

MATERIALS AND METHODS

The resources included in this article are a variety of robust and innovative works of academic literature that have
proven their relevance and advancement to the field of mathematics and also pedagogical assessment methodology. The primary
studies and their respective demonstrations of research are productively referenced throughout this paper to concretely
elucidate how fuzzy logic can make a difference in forming adequate feedback for English writing students.

RESULTS AND DISCUSSION

The results point to fuzzy logic-based assessments of English writing having merit that is long overdue in English
classrooms.

1. Assessment Criteria

As mentioned, assessing English composition is a lot more complicated than those carrying out the very action of
assessment or designing guidelines for such an action believe and perceive it to be. Assessing English composition, in its ideal
execution, involves a multidimensional addressing of how the aforementioned elements of organization, content, mechanics,
style, and grammar all play a part in rendering a written piece cohesive, robustly communicative, and coherent. With the aid of
a more systematic strategy of closely examining these chief elements, teachers and practitioners of education could significantly
assist developing writers in their pursuit of honing their rhetorical and communicative techniques and abilities. Systematization
of English composition criteria could be tremendously advantageous to the long-term growth of written communication skills.
English composition is defined as the practice of effectively and compellingly organizing, synthesizing, and combining components
of English writing and rhetoric to furnish a piece of English writing that is a successful combination and concoction of an author’s
intentions and literary design. It is a wide-ranging craft that covers a plethora of English writing areas that make up the
cohesiveness, coherence, effective expression, and effects of a written work on an intended audience. Assessing these elements
is crucial in both educational and professional contexts to ensure effective communication (Dong et al., 2023; Xue, 2024).

We delve here into the primary components of English composition—content, organization, style, mechanics, and
grammar—and discusses how each can be assessed to improve and evaluate writing. Generally, frameworks in educational
assessment criteria focus on aspects like coherence, content, mechanics, and grammar, aligning with holistic models that assess
language proficiency (such as the CEFR in Europe or specific rubrics in U.S. education).

Criterion 1. Content.

Content is defined as the makeup and even ingredients of a work of writing—what the work of writing contains. To
assess content, one must take into consideration the thorough examination of the author’s intentions, the relevance of the
described makeup and ingredients in association with said intentions, the scope of these intentions or how well they are explored
and expanded upon, and the nature of the ideas pertaining to what the author is trying to get across to their audience. An author’s
intentions can be found in their work’s thesis or main message and can be further studied with the help of its supporting
information such as evidence, analysis of evidence, and examples.

Content assessment criteria should adhere to evaluation principles that, overall and in general, propose that an assessor
is to factor in authorly intentions and the execution of those intentions in the form of their written work’s content. Additionally,
said criteria must also then get more and more specific with its checking of the comprising elements and building blocks holding
together the author’s composition content and its presentation of the author’s intended-to-be-shared thoughts. In essence,
content assessment criteria should be both holistic and specific.

Criterion 2. Organization

Organization is defined as the structuring of a written work or composition. It has to do with the order of an author’s
logical reasoning, string of thought, clarity in elucidation of thought, and coherence in relaying ideas present in a written work’s
anatomical features such as its introduction, thesis, body paragraphs, and conclusion paragraph. Proper organization is key to
creating a seamless transition of an author’s ideas into a reader’s perceptions.

Assessing organization entails evaluating the general foundation of a written work, as well as how it holds together in
its more in-depth consistency. A well-organized written work should not give the reader much trouble with moving from
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argument to argument, narrative to narrative, and should demonstrate unshakable focus during this process of taking a reader
across its material.
Criterion 3. Style

Style is a writer’s own personal touch in communicating their unique thoughts and interpretations of concepts. It
includes execution of rhetoric, tone, format, vocabulary, and syntax. Style helps give authors a voice of their very own, allowing
them to stand out and make an impact on readers in their own individual ways, boosting their inner conversations with said
readers as well.

Assessing style entails conducting a thorough investigation of the little fragments that make up the essence of an author’s written
work and the effect they produce on readers when working in unison. When approaching style, a writer is to ensure that the
unique accent they give to their work suits its intended audience and intended messages for said audience.

Criterion 4. Mechanics

Mechanics can be defined as the standards of basic written language. It encompasses spelling, grammar, capitalization,
and punctuation, just to name some of its key areas. Proper mechanics ensure the legibility and communication efficiency of a
work.

Assessing mechanics largely consists of clear and easily comprehensible criteria. Mechanics determine the clarity in an
author’s communication and, as terminology would suggest, mechanics are the basic gears and functions of such communication.
As a matter of fact, mechanics are a top priority for authors in any kind of literary work they pursue.

Criterion 5. Grammar

Grammar in writing covers the more foundational conventions of sentential structures. Grammar encompasses article
use, verb tense agreement, subject-verb agreement, sentence completion, pronoun use, order and placement of lexical items,
and more. Taking a look at grammar includes taking into account the standard conventions of a written language that are more
on the technical side. Errors in grammar can significantly deter an author from presenting their ideas properly to readers, and it
must absolutely be tended to with utmost precision and dedication to good accuracy.

2. Principles of Fuzzy Logic

Fuzzy logic, introduced by Lotfi Zadeh (1965) extended classical binary logic to handle the concept of partial truth—
truth values between "completely true" and "completely false." In fuzzy logic, variables can have degrees of membership in
multiple sets, allowing for more flexible and nuanced decision-making processes.

Core Concepts

1. Fuzzy Sets: Instead of a crisp set where elements either belong or do not belong, fuzzy sets allow elements to have
varying degrees of membership. For example, a sentence can be somewhat clear, very clear, or somewhere in between (Klir &
Folger, 1988).

2. Membership Functions: These functions define how each element in the set is mapped to a degree of membership,
ranging from 0 to n. This allows for the assessment of writing elements in a more granular fashion (Klir & Folger, 1988).

3. Fuzzy Rules: Rules are used to model the relationships between different variables. In writing assessment, rules
relate the quality of grammar, coherence, and content to an overall writing score (Klir & Folger, 1988).

Fuzzy logic is actively employed for evaluation of students’ performance in education (Agarwal et al., 2019; Akkur &
Rao, 2018; Gisolfi et al., 1992; Ivanova, 2019; Subbotin, 2014; Subbotin & Bilotskii, 2014; Subbotin et al., 2004; Wardoy, 2020;
Yildiz & Baba, 2014).

Implementing fuzzy logic in writing assessment involves several steps:

1. Defining Criteria and Membership Functions: The first step is to define the criteria for assessment, such as clarity,
coherence, creativity, grammar, and mechanics. For each criterion, membership functions are established to quantify the degree
to which a piece of writing meets the criteria.

2. Creating Fuzzy Rules: Next, fuzzy rules are developed to describe how different criteria interact to produce an
overall assessment. For example, a rule might state that if a piece of writing is highly coherent and has minor grammatical errors,
it should receive a high overall score.

3. Fuzzification and Defuzzification: Fuzzification converts the input data (writing samples) into degrees of
membership across the defined criteria. Defuzzification then translates the fuzzy output back into a crisp score or grade, providing
a clear result for the writer.

Consider a scenario where fuzzy logic is applied to evaluate student essays. The assessment criteria include content,
organization, style, grammar, and mechanics. Each criterion is broken down further into specific aspects such as relevance,
coherence, vocabulary, and punctuation.

3. Applying the Center of Gravity Fuzzy Technique

The COG technique is a very popular in fuzzy mathematics defuzzification method (van Broekhoven & De Baets, 2006).
The following described below concrete approach was developed in (Subbotin, 2014; Subbotin & Bilotskii, 2014; Subbotin et al.,
2004).

For applying this technique, we correspond to each x of the universal set U an interval of values from a prefixed
numerical distribution, which actually means that we replace U with a set of real intervals. Then, we construct the graph of the
corresponding membership function y=m(x). There is a commonly used in fuzzy logic approach to represent the fuzzy data with
the pair of numbers (x, y.) as the coordinates of the COG, say F., of the level’s section S contained between the above graph and
the OX axis, which we can calculate using the following well-known formulas:

_U xdxdy H ydxdy

S S

A ”dxdy e ”dxdy @
S S
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In fact, let G be a group of individuals participating in a certain activity and let U={A, B, C, D, F} be a set of linguistic
labels (grades) characterizing the individuals’ performance with respect to this activity as follows: A=excellent, B=very good,
C=good, D=moderate (satisfactory) and F= unsatisfactory. Then, we can express G as a fuzzy set in U in the form
G = {(x, m(x)), x € U}, where y=m(x) is the corresponding membership function.

We correspond to each x in U an interval of real values as follows: F — [0,1), D —[1,2),C —[2,3),B —[3, 4),
A —> [4, 5]. Consequently, we have that y; = m(x) = m(F) for all x in [0,1), y>» = m(x) = m(D) for all x in [1,2), y3 = m(x) = m(C) for
all xin [2, 3), ya = m(x) = m(B) for all xin [3, 4) and ys = m(x) = m(A) for all x in [4,5]. Then the graph of the membership function
y = m(x), takes the form of the bar graph of Figure 1, while the area of the level’s section S contained between this graph and the
OX axis is equal to the sum of the areas of the rectangles S, i=1, 2, 3, 4, 5.

¥ 1
\

jf~+,\5 R

Fig. 1. Bar graphical data representation
Source: Own work.

It is straightforward then to check that in this case formulas (1) are transformed to the form:

2 2 2 2 2
_l(y1+3y2+5y3+7y4+9y5) _ 1y " +y, " +y, +y, +VYs 2)
- y Y= —
2% Y1+y2+y3tyatys 2 Vit Yo+ Yst+ Y.+ Vs

Xc

with y;=m(x;), i=1, 2, 3, 4, 5 and x;=F, x,=D, x3=C, x4,=B and xs=A.
5 5 5 Vi i
In fact, H dxdy is the area of S which is equal to z y, Also H xdxdy = ZH xdxdy = ZIdy I xdx =
S i1 S

i=l g i=lo i

5 1

:Z:;,)’i

| :i v ["—22]2_1 _ %i yili2 = (i -1)2] = %g(m _1)y, and
5 5 Yi i n Yi n
jsj yaxdy = 3. [] yeedy - le! ydyide -2 ! ydy = %le v

5

Normalizing the membership degrees by dividing each y; by the sum Z Y, .

i=1

In the current article we will implement a different model being feasible for the individual work assessment. It is based
on the same mentioned above GOC ideas, but different in its development and applications. It will allow us to choose the
satisfactory written works among submitted, and to choose the best of them.

We will consider assessment of English composition involving evaluating various qualitative aspects of writing, such as
content, organization, style, mechanics, and grammar. Traditional methods of assessment can struggle with the subjective nature
of these criteria. Fuzzy logic, particularly the center of gravity (COG) technique, offers a way to handle the inherent vagueness
and subjectivity in writing assessments.

If (Xc,Yc) is the coordinates of the figure's center of gravity, (xci, yci) is the coordinates of the center of gravity of the
segment i, miis the mass of the segment i, and M is the mass of the entire figure. If we assume the mass of the region is uniformly
distributed, then we can assume that that it is equal to the area of the region. Considering xc;= i- %, YCi :%, M is the sum of all mi
which is equal to the area of the corresponding rectangle, i.e. the sum of yi, we come to the similar to (2) formulas
_ z*fa—;?yil ye = o 3)

Tyi 2¥tyi

The important next here step is to define the criteria for assessment (e.g., content, organization, style, mechanics, and
grammar) and create membership functions for each criterion and develop rules that describe how the various criteria interact
to influence the overall assessment.

Thus:

1. Every area of assessment, e.g., content (1), organization (2), style (3), mechanics (4), and grammar (5), should be at
least satisfactory (i.e. greater or equal to 1), otherwise the assessed work is unsatisfactory.

Xc
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2. The rule of passing: The ordinate Yc of the COG of the assessed work should be greater than 1. We can change this
criterion, increasing the rigor. This is especially useful in some kinds of competitions. The abscise Xc is smaller (closer to 0.5) as
the work is more mature.

The following example demonstrates the implementation of the above ideas.

1

|l |wiN
Wik [ININW

Fig. 2
Source: Own work.

In Figure 2 we illustrate the results of the assessment of an essay. Here, the first column reflects the assessment of the content
(3), the second column reflects the organization of the writing (2), the third column reflects the style (2), the fourth — mechanics
(1), and the fifth — the grammar (3).
In this case, we have:

16-pyi 265

Xc =22 =2.4091 ..,
nyi 11
Yi(yd? 27
ve=2220 S 20 19272,
CT2Yryi T2

These numbers show that the writing is above the passing level and has good content, grammar, and organization skills.
Consider another essay assessment given with the table:

slw|N|-
Wk |k |wr~

Fig. 3
Source: Own work.
In this case we have:

A S
i — i
C=—wmno =2
1Yt

_ ZIo®
Yc = S 1.2
As we can conclude from these assessment numbers, in the second case, the demonstrated performance is close to the first
one, however since the ordinate of the COG is higher, this case is more desirable.
Consider an outlier case given with the table:

AlwW|N|-
Wk |k |k |w

Fig. 4
Source: Own work.
Here
S N
SR - )i
Cc = —~n . =25
1Vt
n N2
ve =220 _ 1 1666..
2y tyi
As we can see, the y-coordinate for COG is much smaller. It shows that this case is less desirable.
And the last outlier.
Consider an outlier case given with the table:

BlwW|N |~
Wk k|-~

Fig. 5
Source: Own work.
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Here we have:

TGy

= 3.0714 ...
1Y
n i 2
Yc = Lﬁ’) =0.9285...
230 yi

We would recommend considering the cases when the y-ordinate of GOC is less than 1 to be recognized as barely passing.
Note, that x-coordinate distance from the middle number 2.5 is an indicator of uniformity of the score’s distribution.
In general, note that the y-coordinate is a quite sensitive indicator.

CONCLUSIONS

The center of gravity fuzzy technique provides a robust and nuanced approach to assessing English composition. The

COG technique addresses many limitations of traditional assessment methods by accommodating the subjective nature of writing
and providing a balanced, precise score. The implementation of this approach implies benefits for educational and professional
writing assessment, making this a promising area for further exploration and development.
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