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Abstract: Even when individuals are unaware that they are utilising mathematical
reasoning, maths is prevalent in daily life. Maths is used more and more in almost
every aspect of human existence. They use not only classical applied mathematics but
all fields of mathematics. Activities related to mathematics, such as research,
applications, instruction, and presentation, have seen significant development recently.
Some of these innovations, like the usage of computers, are clearly noticeable and
have a major impact on how mathematics is taught. Numerous novel mathematical
activities, including programming, modelling, conjecture, expository writing, and
lectures, are becoming more important. The amount of research on algebra problem-
analysis for underachieving children is still sparse, despite the fact that existing
research emphasises the need of high-quality algebra training. In order to assist
students who are having difficulty in mathematics, this study suggests a problem-
solving methodology. The approach incorporates suggestions made by research and
math policy boards. It is divided into five main parts, each of which focuses on a vital
aspect of classroom algebra. The research investigates the link between the five
abilities included in the model and a recognised algebraic measure, as well as the
reliability of the metrics used to evaluate the various skill areas. The findings show
that there is a substantial correlation between the model's five parts and algebra
competency and that the model has a high degree of accuracy in identifying pupils

who lack proficiency.
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I Introduction:

The mathematics field referred to as
algebra holds a distinct position as an
essential analysis tool that leads to
higher maths and other areas of study.
It provides individuals with the
instruments and methods they'll need
to think, argue, and demonstrate
mathematical concepts as well as in
various other  situations that
mathematics are a  beneficial
instrument.  Students  struggle in
mathematics courses that require
advanced knowledge that opens up to a
variety of lucrative jobs in industry as
well as academia[1]. Thus, it's critical
to comprehend the mental shifts that
children go through when they
transition to middle school, particularly
as a result of the introduction of
algebra, and to find solutions for the

issues that develop throughout this

Process.

Contrary to arithmetic, algebra is more
difficult for most pupils because it
introduces new symbols and new
techniques to manipulate those
symbols. Both the notations and the
norms are challenging for pupils to
master. Additionally, it diverts pupils'

attention from mathematical processes

to abstract symbol computation.

Volume VIl Issuel JUNE

ISSN: 2366-1313

Processing an expression's symbols as
a rigorous series of binary operations
leading to a numerical result is no
longer feasible. Before the symbols
can be worked on, they must be
reinterpreted in fresh ways[2]. The
symbol of the letter is a challenge since
students aren't aware of the
significance of numbers or believe it
has a fixed meaning, and undefined
value or deduce its meaning depending
on the frequency with which it occurs

in other contexts of math.

Additionally, there are discrepancies in
how algebraic and geometric issues are
approached. ~ While utilising the
arithmetic technique, students may
start with the known circumstances and
come up with interim solutions using
numbers, using the algebraic approach,
it is crucial to utilise expressions to
depict the issue scenario Wwhile
employing a letter for the unknown.
Documenting the operations or
explaining problems is, therefore, not
fully understood by students within the
context of arithmetic as well as they do
not take into account the principles and
qualities of transformation which can
be applied with confidence when
changing the expressions[3]. The
approach they employ is not methods
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of solving universally that can be
applied to different circumstances;
rather they implement a process that
determine the numerical answer to a
question (presented with symbols or
encoded as words) and relying on the
context or number of numbers that are
used. The majority of teaching and
learning techniques require pupils to
follow inflexible algorithms without
any opportunity for reflection or for
investigating the relationships and
qualities between operations and
numbers. This makes it difficult for
pupils to transition to algebra because
it makes it difficult for them to
appreciate the similarity or
generalizability of various techniques.
The core of algebra is the ability to
deduce or infer about a situation, but
students' inadequate representational
abilities and comprehension of how to
modify expressions prevent them from

doing so[4].

II Litreature Survey:

Dedekind [5] is the one who originally
presented the concept of an ideal. He
converted the common characteristics
of arithmetic into the property of sets
using ideals. It was a generalisation of
Kummer's conception of an ideal

number. Hilbert and Noether [6]
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further extended the concept of an
ideal for associative rings. Noether
also created one- and two-sided ideals,
which continue to play a crucial role in
ordered  semigroups and  other
algebraic structures. Following that,
other algebraists researched the idea of
ideals and related notions in various
algebraic structures. As a
generalisation of the one-sided ideals,
Goods and Hughes [7] proposed the
concept of the bi-ideal, while Steinfeld
[8] added the notion of the quasi-ideal.
Bi-ideals are a generalisation of quasi-
ideals, as well. Lajos [9] introduced the

concept of generalised ideals for

semigroups.

Numerous areas of mathematics,

including projective, euclidian,
differential, etc., have employed
involutions. Most often, they may be
found in algebra, topology, and
functional analysis. An example of an
algebraic  structure's symmetry is
involution, which is an
antiautomorphism of the algebraic
system. A large variety of involution
rings and involution algebras that
depart from the additive structure
provide the impetus for research into

involution semigroups. Foulis [10]

submitted his Ph.D. thesis in 1958,
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which examined unary operations in
semigroups and offered some findings
to the theory of involution semigroups.
The involution in semigroups is
generally regarded as having been
invented by Nordahl and Scheiblich
[11], however there are some other
older writers whose work is based on
the involution. Under the natural
premise that the involution retains the
ordering such that ideals remain ideals
after being operated by the involution,
Wu [12] extended the involution to

ordered semigroups.

Kasner's [13] suggestion to investigate
sets with a single n-ary operation, or n-
ary algebras, was made. Sioson [14]
investigated the ternary semigroup
ideal theory. In addition, he proposed
the concept of regular ternary
semigroups, and defined them in terms
of quasi-ideals. Ternary semigroups
Dixit along with Dewan [15] explored
the potentialities of bi-ideals as well as
quasi-ideals. lampan [16] presented the
minima and maxima of lateral ideals
ordered in ordered ternary semigroups.
They also established the ternary
semigroup that is ordered. In order
ternary semigroups Daddi as well as

Pawar [17] developed ordered bi-ideals
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as well as ordered quasi-ideals and

studied their properties.

As an expansion of the traditional idea
of set, Zadeh developed the idea of a
fuzzy set. In a broad variety of fields,
the fuzzy set theory may be used to
handle various kinds of uncertainty.
This theory offers a logical framework
for generalising some fundamental
algebraic ideas. Rosenfeld was the first
to study fuzzy groups . He provided
the fuzzy left (or right, two-sided) ideal
of a semigroup as well as the notion of
a fuzzy subgroupoid. The fuzzy sets in
semigroups were initially explored by
Kuroki provided a number of hazy
concepts, including hazy bi-deals and

hazy interior ideas.

A mathematical technique called as
soft set was first presented by
Molodtsov to deal with reluctant, hazy,
unexpected, and uncertain articles. A
collection of rough descriptions of an
item is referred to as a soft set. A
predicate and an estimated value set
make up an approximate description.
Additionally, numerous applications
were specified in soft sets by Maji et al.
Following the development of soft set
theory, numerous writers offered

classical mathematics a fresh
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perspective. The idea of soft algebraic
structure was first out by Aktas and
Cagman [11]. They explained the
concept of soft groups and provided a
definition that is comparable to that of
a rough group. They compare soft
settings to fuzzy and rough sets.
Following that, other scholars [2, 4, 9]

focused on soft algebraic structures.

The development of algebra is greatly
aided by the study of semigroups. It

resembles ring theory and group theory.

In the sense that ring theory provides a
cue to create the ideal theory of
semigroups, semigroup theory may be
seen as one of the most successful
offsprings of ring theory. Clifford,
Preston, Petrich, and Ljapin all made
significant  contributions to  the
algebraic theory of semigroups [9, 10],
as well as Ljapin [79]. Anjaneyulu [14,
15, 16, 17, 18], Giri and Wazalwar
[17], Hoehnke [12], and Scwartz [16]
have investigated the ideal theory in
semigroups. A mapping from S S to S
is a binary operation on a set S. The
image of the element (a, b) of SS in S
will be represented by a b if the
mapping is indicated by (). We often

use ab for ab.

III Methodology
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Exploiting the Arithmetic-algebra

Connection by using its syntax

Additionally, in order to give algebraic
expressions or equations significance
and help students wunderstand the
structure of expressions, researchers
have attempted employing numbers as
the referent for the letters in the
expressions or equations. A portion of
the material on pupils' comprehension
of algebraic symbols and their lack of
structural awareness has previously
been evaluated. The subjects that will
be discussed here have taken
advantage of the relationship between
arithmetic and algebra by fostering an

understanding.

Eight seventh-grade pupils who
completed the programme were tested
during eight 50-minute teaching
sessions. A sequential form of an
equation or expression as well as an
expression tree were both offered by
the programme. This made the
expressions' structure more obvious.
The programme aided students'
investigations into the characteristics
of operations by executing certain
changes requested by the students

while  rejecting  incorrect  ones.
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Although students initially made
mistakes during the exploration phase
by selecting the incorrect buttons, as
they internalised the  structural
limitations on the transformations, they
discovered effective solution
techniques and made less mistakes.
The analysis of the data points to the
importance of paying attention to
structure by showing that settings that
attention  to

encourage  explicit

expression  structure and place
limitations on students' activities do
not naturally produce mal-rules
(perturbations of proper rules).

The  purpose of  emphasising
expression structure in the teaching
strategy was to connect processes with
a feeling of structure, so that they
complement one another rather than
being two distinct abilities that follow
one another to create an integrated
knowledge structure. The distinction
between  conceptual  that  was
traditionally stressed—appears to be
invalid since procedures are developed
from ideas, which enhance the notion.
Because of this, it is now crucial to
combine the two elements—procedure,
ideas, and/or structure—instead of

ignoring them. The capability of

transforming the well-known
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Furthermore, understanding the
structure of expressions opens up
possibilities for flexible exploration of
methods and techniques for calculating
expressions rather than using the strict
traditional criteria for evaluation. By
repeatedly using the same processes
for expressions, students are supposed
to conventional curriculum. However,
as shown by the multiple studies cited
in the preceding chapter, this does not
happen with the majority of pupils.
One factor could be the fact that kids
are not exposed to circumstances
where such a skill or knowledge would
be useful; after all, the purpose of
mathematics is to compute and arrive

at conclusions.

As a result, it is crucial that the
instructional sequence include
activities  that might encourage
students to build and apply a sense of
organisation. Due to the necessity to
shift attention away from calculations
and onto the tasks. As was previously
said, pupils have adequate
mathematical comprehension by the
end of elementary school, even if they
are not articulated in the typical
computing activities. It is possible to

formalise this knowledge and direct it
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....ﬁf‘.".'.._._Every nltlmerical expression
has a unique value

p Equal expressions have

the same value

Equal expressions can be
substituted for one another

"' sign outside bracket
indicates, take the inverse
Number outside indicates take
the multiple of the value

Figure 1: Terms' roles in the instructional strategy. (This is an altered rendition of the

map that can be seen in Subramaniam,

IV Experiments and Results

The research assessed the efficacy of
identifying  basic = weaknesses in
algebra-challenged children using a
five-part problem-solving technique.
The five fundamental elements of the
problem-solving model, each of which
is necessary to provide the groundwork
for algebra competency, complement
and inform one another within the
framework. The study was influenced
by the following research inquiries: 1.

What does each of the five elements of
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the model's problem-analysis
correspond to a recognized mathemat-
ical measure? 2. What do the
assessment  findings confirm the
suggested five-factor framework? 3.
What is the degree to which the five
sections of the model and subsections
accurately determine the student's
proficiency in algebra in accordance
with a specific criterion? 327 students
were among those included as part of

the final report out from a total from

373 children who were tested. 58% of
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those who took part were females,
while 42% of the participants were
males. A mere 1% of participants
identify with American Indian or
Alaska Native and 11% identify are
Asian as well as Pacific Islander, 16%
were Hispanic while 50 percent are
White According to the Census. 10
percent of people receiving aid in
special education, while the majority
of them were receiving education
support under the 504 plan. A
breakdown the grade of students
Students: 62 (19 percentage) are in the
sixth grade and 59 (18 percent) have
been placed in the seventh grade grade.
fifty students. The data of 44 students
was wiped out before any analyses was
conducted. Data of 14 students were
not considered because they entered
classroom  when the

into  the

administrative session was in session
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or were forced to leave prior to when it
was completed. In the event of the fact
that they were absent during one of the
test days, and also the fact that they
had only taken one of the tests or
questionnaires  Students from 35
different grades had their information
deleted. The students who completed
the exam completely at both times did
so. There was no obvious skipped
section or question as well as missing
data that did not result from refusal or
inability to respond. In the case of
students who were missing information,
there were not apparent trends in
behaviour or attendance (such like
suspensions). Table 1 provides all the
information needed for descriptive
purposes of the subskill assessment,

and Table 3 provides the details on the

assessments of total skills.

Table 1 Descriptive Table of Skill Measures

Skill Mean Standard Deviation
Basic Skills 66.70 2294
Algebraic Thinking 31.53 945
Content Knowledge 15.38 467
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Table 2: Subskill Measures Descriptive Table

Mean Standard Deviation

Integers Ordering 5.65 0.94
Rational Number Ordering 4 41 2.12
Integers Calculation 40.81 17.19
Rational Number Calculation 8.78 3.71

Integer Word Problems 4.52 1.59
Rational Number Word Problems 2.54 1.38
Patterns 6.84 1.99
Arithmetic-to-Algebra 18.42 5.19
Generalization 335 2.06
Proportional Reasoning 293 1.79
Vocabulary 6.32 1.99
Conceptual Understanding 3.86 1.65

Problem Solving 5.20 234

V Conclusion

Every area of mathematics has the
potential to be wuseful in other
disciplines and other branches of
mathematics. All of these have
provided a significant challenge to
teacher training, pedagogy, and
mathematical curriculum across all
levels of educational institutions. The
21st century's mathematical thinking

emphasises the need to intensify efforts
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to overcome divisions within the
subject, to broaden the field's
accessibility to other fields, and to

encourage cross-disciplinary study.

VI References

[ 1]http://www.math4all.in/public_
html/linearalgebra/chapter3.4.html.

[2] http://homotopytypetheory.org/.
[3]Archive of Formal Proofs. http://

afp.sourceforge.net/.

2022 www.zkginternational.com 359



=

aucﬁu-: T .
Fd 4 0| INTERNATIONAL

| —

[4] Immutable Arrays in Haskell.
https://downloads.haskell.org/~ghc/6.1
2.1/docs/html/libraries/array-0.3.0.0/
Data-Array-IArray.html.

[5] Matlab documentation. Definition
of Hermite Normal Form. http://es.
mathworks.com/help/symbolic/hermite
form.html#butzrp _-5.

[6] The Isabelle website. https://isab
elle.in.tum.de/.

[7] ARIANE 5 Flight 501 Failure.
Report by the Inquiry Board, 1996.
https://www.ima.umn.edu/~arnold/disa
sters/arianeSrep.html.

[8] S. Adelsberger, S. Hetzl, and F.

Pollak. The Cayley-Hamilton Theorem.

Archive of Formal Proofs, 2014.
http://afp.sf.net/entries/Cayley Hamilt
on.shtml, Formal proof development.

[9] J. Aransay and J. Divas’on.
Formalizing an abstract algebra
textbook inlsabelle/HOL. In Juan
Rafael Sendra Pons and Carlos
Villarino Cabellos,editors, Proceedings
of the XIII Spanish Meeting on
Computer Algebra andApplications
(EACA 2012), pages 47 — 50, 2012.

[10] J. Aransay and J. Divas’on.
Formalization and execution of Linear
Algebra: from theorems to algorithms.
In G. Gupta and R. Pe™na, editor,
PreProceedings of the International

Symposium on Logic-Based Program

Volume VIl Issuel JUNE

ISSN: 2366-1313

Synthesis and Transformation: LOPS -
TR 2013, pages 49 — 66, 2013.

[11] J. Aransay and J. Divas’on.
Performance Analysis of a Verified
Linear Algebra Program in SML. In L.
Fredlund and L. M. Castro, editors, V
Taller de Programaci’on Funcional:
TPF 2013, pages 28 — 35, 2013.

[12] J. Aransay and J. Divas’on.
Formalization and execution of Linear
Algebra: from theorems to algorithms.
In G. Gupta and R. Pe™na, editors,
PostProceedings (Revised Selected
Papers) of  the International
Symposium on Logic-Based Program
Synthesis and Transformation:
LOPSTR 20

[13] J. Aransay and J. Divas’on.
Formalisation in higher-order logic and
code  generation to  functional
languages of the Gauss-Jordan
algorithm. Journal of Functional
Programming, 25, 2015. doi:10.1017/
S0956796815000155.

[14] J. Aransay and J. Divas’on.
Generalizing a Mathematical Analysis
Library in Isabelle/HOL. In K.
Havelund, G. Holzmann, and R. Joshi,
editors, NASA Formal Methods,
volume 9058 of LNCS, pages 415-421.
Springer, 2015.

[15] J. Aransay and J. Divas’on. Proof
Pearl - A formalisation in HOL of the

2022 www.zkginternational.com 360



=

aucﬁu-: T .
Fd 4 0| INTERNATIONAL

| —

Fundamental Theorem of Linear
Algebra and its application to the
solution of the least squares problem.
Draft paper, 2015. https://www.un
irioja.es/cu/jodivaso/publications/2015/
Least Squares 2015.pdf.

[16] J. Aransay and J. Divas’on.
Verified Computer Linear Algebra. In
Accepted for presentation at the XV
Spanish Meeting on Computer Algebra
and Applications (EACA 2016), 2016.
[17] J. Aransay and J. Divas’on.
Formalisation of the Computation of
the Echelon Form of a matrix in
Isabelle/HOL. Accepted for
publication in Formal Aspects of
Computing, 2016. http://www.unirioja.
es/cu/jodivaso/publications/2016/echel
on FAC draft.pdf.

[18] J. Aransay, J. Divas'on, and J.
Rubio. Formalising in Isabelle/HOL a
simplicial model for Homotopy Type
Theory: a naive approach. 2015.
http://www.unirioja.es/cu/jodivaso/pub
lications/2016/hott _draft 2016.pdf,
Draft paper.

[19] J. Aransay-Azofra, J. Divas’on, J.
Heras, L. Lamb’an, M. V. Pascual, A.
L. Rubio, and J. Rubio. Obtaining an
ACL2 specification ~ from  an
"Isabelle/HOL theory. In Gonzalo A.
Aranda-Corral, Jacques Calmet, and

Francisco J. Mart'in-Mateos, editors,

Volume VIl Issuel JUNE 2022

ISSN: 2366-1313

Artificial Intelligence and Symbolic
Computation - 12th International
Conference, AISC 2014, Seville, Spain,
December 11-13, 2014. Proceedings,
volume 8884 of Lecture Notes in
Computer Science, pages 49-63, 2014.
[20] J. Avigad and J. Harrison.
Formally  Verified = Mathematics.
Communications of the ACM,
57(4):66 — 75, 2014.

[21] J. Avigad, J. H'olzl, and L.
Serafin. A formally verified proof of
the Central Limit Theorem. CoRR,
abs/1405.7012, 2014.

[22] S. Axler. Linear Algebra Done
Right.  Undergraduate  Texts in
Mathematics. Springer-Verlag, 2nd
edition, 1997.

[23] C. Baier and Joost-Pieter Katoen.
Principles of model checking. MIT
Press, 2008.

[24] C. Ballarin. Locales: A module
system for mathematical theories.
Journal of Automated Reasoning,
52(2):123-153, 2014.

[25] K.J. Bathe. Computational Fluid
and  Solid
Science,2003.

[26] BBC news. Airbus A400M plane

Mechanics.  Elsevier

crash linked to software fault.
http://www.bbc.com/news/technology-

32810273.

www.zkginternational.com 361



%? INTERNATIONAL ISSN: 2366-1313
[27] L. W. Beineke and R. J. Wilson.

Topics in Algebraic Graph

Theory.Encyclopedia of Mathematics

and its Applications. Cambridge

University Press, 2004.

Volume VIl Issuel JUNE 2022 www.zkginternational.com 362



