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Abstract

This research examined the construction of algebraic concepts in the 3rd chapter
of the 7th-grade methematicd -extbook, utitizi. g Sfandas afd Tad’s theoretibTl
frameworks. Content anaiysis was em, loyed to ahhieve the research’s gaal of
understanding the process by which algebraic concepts are developed in the
context of the specified curriculum. This particular research design is
considered to be qualitative and focused on the development of educational
content, rather than empirical in nature. This study, in terms of its purpose and
design, falls under the applied research and non-experimental groups
respectively. The chapter in question covers four sections, namely numerical
patterns, algebraic expressions, numerical values of algebraic expressions, and
equations. This study investigated the process of constructing algebraic
concepts, specifically variables and algebraic expressions, utilizing the
theoretical frameworks of Sfard and Tall. The research findings suggest that the
educational process of algebraic concepts in the textbook tends to follow an
accelerated timeline which skips or overlooks the condensation stage (the
second stage in the concept development process) and quickly transitions to the
reification stage (3rd point in the concept development process). In some
instances, the entire condensation stage may even be bypassed, leading to
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insufficiently developed and understood mathematical concepts and subsequent
learning difficulties. Additionally, the research findings are consistent with the
theories of concept development proposed by Gray and Tall. Specifically, the
construction of the concept has remained at the procedural stage and has not
reached the final stage. As such, it is evident that the students have not
developed a structural understanding of variables and algebraic expressions.

Keywords: algebra, variable, algebraic expressions, Sfard's theoretical,
Gray & Tall theoretical

1. Introduction

Though algebra is a branch of mathematics dedicated to the
representation and generalization of numerical relationships and
mathematical structures, along with operations on these structures, it
has different definitions and uses depending on the individual.
According to Kieran, algebra deals with symbolizing and generalizing
such structures and their related operations, whereas Capute argues that
this mathematical domain cannot be precisely defined and may vary
from person to person. Since the introduction to algebraic concepts such
as variables and algebraic expressions usually occur for the first time in
7th grade, these concepts need to be covered effectively and
appropriately in textbooks. The way in which textbook authors navigate
and teach these concepts is critical, as a strong understanding of these
concepts is foundational in the field of mathematics and beyond.
Knowing the origins of students’ difficulties not only helps teachers to
gain a better understanding of the students themselves, but also allows
them to identify areas for remediation and improvement. This
information provides insight into the students' thought process, the
specific mistakes they are prone to making, and the areas where they
may need additional support and instruction. This study's objective was
to explore the formation of the variable and algebraic expression
concepts from the perspectives of various theoretical frameworks,
particularly the Sfard and Gray & Tall models. Additionally, it was
determined that recent changes to the Iranian math curriculum,
including the writing of a new 7th-grade mathematics textbook,
prompted a review of the instruction and explanation of algebra and
algebraic concepts in the third chapter. Furthermore, there is evidence
that this subject has been introduced in a new way that differs from
previous versions. The textbook is the primary teaching mechanism in
math class, so it is essential to examine its contents thoroughly. Doing
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weaknesses and challenges, which in turn can be used to guide
remediation efforts and improve performance levels. Therefore, the
objective of this research is to answer the following question: Does the
construction of variable concepts and algebraic expressions in the 7th-
grade textbook adhere to the concepts-construction theories of Sfard
(1991) and Gray & Tall (1994).

2. Literature Review

It is worth noting that Warren (2003) also employed a written exam in
his research to assess students' understanding of the concept of variable.
Then, he also carried out semi-structured interviews with the students.
The results of both the written exams and interview tools in Warren's
study are consistent with Kuchman's (1981) levels of understanding of
the concept of variable, which indicates that the majority of students
perceived a variable as a specific unknown number or generalized
number. In addition, Trinidad and Ursini (2003) developed a model
ddddddd >>>>>>>> > 11111) kkkk kkk Il yydd tt nneee iiii nn of
educational materials. They asserted that in order for students to master
the concept of variable, they need to be able to comprehend the various
ways in which variables are applied in multi-step problems across
fffnnnnn ooeeeee eeee eeeecee sssssss ss 77777777 777 $SSSSSS SS
understanding algebraic expressions have been conducted, the results
ww waaa aaaa hhhhhhhhhhhh ih lsssss s dffcedtt y nncomprehending
variables and arithmetic expressions tend to be the sources of their
challenges. Additionally, the studies have identified specific
misconceptions that can contribute to this difficulty, such as
misunderstandings of variable and arithmetic concepts.

3. Methodology

This study took an interpretative approach utilizing the content analysis
method and is thus categorized as qualitative in nature. It was also of
an applied nature in terms of its aims and research design. The research
analyzed the activities outlined in the third chapter of the 7th-grade
ttt h 0000000 rrmmhte rrr sssssssss ss rrrr d add 1111 ss hhrr aaaaa
ITWWWWsss . ttt ttt  tt tttttt  ttt pssssssss ss ssssss  sssssss mmmddd
mathematics textbooks in 2013-2014, it has become crucial to examine
the development of variable concepts and algebraic expressions. Since
7th graders are first introduced to algebraic concepts during this time, a



Heidari etal. | 61

mmihe rrom ssss sssdsss ffffffff sss 11l edddddddssssssss nniiis
study. The textbook in question features 9 chapters, including the third,
hhhhh hhhisss nn aaaaaaa aaa eiiiii iiii  ddddd dd hke > °
objectives, activities from the two variable sections and algebraic
rrrr nnnnnmttt nns nnnnnmnnrrerrrr - eeee eeeezzdd aaarrrr deel1111)
111 1111 44444) 44sssss -object-process-object model.

5. Conclusion
The study sought to investigate the construction process of the variable
sss eeeebccccccccooooo ttttttt  t yy eeeelill gg rrrr sss ... ) ddd

1l ddd rr > s 44444 rrrrer v ff oottttt  eeeeodtttt  t hhe iissssss
were gathered via analyzing the textbook activities of the 7th grade
math book and indicate that the new concept construction process has
not been achieved correctly during the algebra chapter. In the case of
the variable concept, the compression phase has not been thoroughly
explored, leading to a rushed transition to the objectification stage. This
may prevent the construction of the concept from occurring accurately,
as Sfard (1991) asserts that the development of a new concept
necessitates progression through internalization, compression, and
objectification phases, before the concept is finally understood and
comprehended as a true mathematical object. Considering that letters in
fffnnnnn ootttnns nnn MMMmWNYYYYEEE ,,,5yss» vy ... kkkkss
seventh-grade math chapter makes use of letters as variables. The
textbook's description of a variable as a symbol to represent unknown
numbers or unspecified values causes potential for misunderstandings.
The findings of this study are consistent with those uncovered by
Heydari and Asghari (2020), thus indicating the need for revision.

Regarding the concept of algebraic expression, the analysis of the
activities revealed that the compression phase was absent, with the
transition taking place between the internalization stage and the
objectification stage. This suggests that the procedural understanding,
which is regarded a prerequisite for structural comprehension, has been
neglected. Furthermore, the findings align with those of Bashir and
Yaphedian (2015) and Heydari and Asghiri (2016), respectively,
indicating a lack of consistency in the concept development process.
According to Foster (2007), if students are presented with abstract
concepts without practical application, it will be difficult for them to
find meaning. Not only does this lack of understanding result in false
assumptions (pseudo-structural comprehension), but it can also lead to
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procedural knowledge being retained or developed, which is
insufficient. In order for students to comprehend the full essence of the
concepts, both procedural and structural understanding must be
developed concurrently. Completing the procedural understanding
stage and progressing via the three intermediary steps, leads to accurate
and comprehensive structural comprehension. Procedural knowledge,
which can be defined as step-by-step skills and procedures for
performing mathematical operations, is essential to avoiding
misunderstandings that occur when students make inaccurate
generalizations or allocate the wrong information, both of which impact
their conceptual comprehension. Given the importance of grasping
basic concepts like variables and algebraic expressions for learning
more advanced concepts and developing algebraic skills, the text for the
7th grade math curriculum needs to establish a foundation from which
students can build. It is anticipated that the findings of this study will
serve as a guide for authors and curriculum planners for future revisions
of the 7th-grade mathematics textbook. On a side note, it should be
noted that the lack of a written curriculum detailing the learning
objectives is a notable limitation to this research.
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