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The concept of function is the algebraic concept in technical and
vocational mathematics, which due to the poor performance of
students, needs proper teaching in the classroom. Figural patterns
are a powerful tool to understand functional relationships tangibly
and help students improve their understanding of the concept of
function. The purpose of this research was to investigate the
performance of students in generalizing four categories of figural
patterns including one variable- linear, one variable- nonlinear, two
variable- linear, and two variable -nonlinear [1], and providing
pedagogical strategies in teaching figural patterns. In this study, a
sample of 220 seventh-grade students participated in a test with the
content of figural patterns, and the performance of the students was
analyzed quantitatively and qualitatively. According to the analysis
of the concept of two-variable figural patterns, variable and R3
space were investigated as two basic concepts. The results of the
test showed that the percentage of students' responses to the one
variable- -linear figural pattern task was close to the two variable-
linear, and the percentage of students' responses to the one
variable-nonlinear figural pattern task was close to the two
variable- nonlinear patterns. Based on the problems of students in
the variable and R3 space concepts, pedagogical strategies such as
focusing on components of variable in function relation and helping
to compress two-dimensional changes in a relationship were
proposed. Education in the two-variable figural pattern
generalization can be an incomparable basis for a better
understanding of the function.
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EXTENDED ABSTRACT

Introduction
The concept of function is as the algebraic concepts in technical and vocational

mathematics, which due to the poor performance of students, needs proper teaching in the
classroom. Figural patterns are a powerful tool to understand functional relationships in a
tangible way and help students to improve their understanding of the concept of function.
The purpose of this research, which is a part of a wider research, is to investigate the
performance of students in generalizing four categories of figural patterns including one
variable- linear, one variable- nonlinear, two variable- linear, two variable —nonlinear and
providing pedagogical strategies in teaching two-variable figural patterns. In this research,
the following questions were answered:

1- Whatis the performance of students in figural pattern generalization?

2- What are the pre-concepts in teaching the generalization of two variable figural

patterns, and what pedagogical strategies can be implemented?

Methodology

In this study, 220 seventh-grade students of male and female schools in Malekan city
(East Azerbaijan) were given a test with the content of figural patterns, and the performance
of the students was analyzed quantitatively and qualitatively (content analysis). The validity
of the test was confirmed by three experts in mathematics education and four experienced
teachers. Internal consistency of questions was estimated with Cronbach's Alpha and
reported to be 0.69.

Results and discussion

According to the analysis of the concept of two-variable figural patterns, variable and R3
space were investigated as two basic concepts. The results of the test showed that the
percentage of students' responses to the one variable- linear figural pattern task (57%) was
close to the two variable- linear (45%), and the percentage of students' responses to the one
variable- nonlinear figural pattern task (17%) was close to the two variable -nonlinear
(10 %). According to the results, pedagogical strategies were proposed in teaching the two
variable figural pattern generalization. Education in the two-variable figural pattern
generalization can be an incomparable basis for a better understanding of the function.

Conclusion

Figural patterns give the ability to students to practice writing functional relations and
mathematical modeling, and as Rivera (2013) states, students who worked on the
generalization of patterns without being trained in functions and modeling were able to
answer the questions in this area. Seventh-grade students learn about two-dimensional
space in their math textbooks. They also learn the two-dimensional Cartesian coordinate
system. Before formal learning, they experienced and learned the two-dimensional space.
However, in two-variable patterns, it is necessary to become familiar with three-
dimensional space. To do so, instead of changing one variable, it is enough to change two
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variables. Also, because independent and dependent variables must be distinguished in
two-variable figural patterns, it seems that presenting two-variable patterns is richer in
terms of meaningful teaching and learning of the variable concept.

According to the generalization questions of patterns with the same characteristics
(such as square shape, continuity, and appearance similarity according to Gestalt principles)
and only differences in variable number and linear/non-linearity, it seems that variable
number and linear/non-linearity should not be a determining factor in the success of
generalization. This is because the degree of success in generalization of a one-variable
linear pattern has the highest correlation with a two-variable-linear pattern, and a variable-
nonlinear figural pattern has the highest correlation with a two-variable-nonlinear pattern.
In terms of the similarity of students' performance in linear and non-linear patterns as well
as one-variable and two-variable patterns, according to the research background and
experimental studies of the researcher (Afkhami et al.,, 2019) and considering the two basic
concepts of variables in the functional relationship and R3 space, suggestions were proposed
to solve the students' problems in dealing with general two-variable figural patterns, and
the teaching and learning path of these patterns was determined.

Table, Figure and Equations
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Figure 1. An unsuccessful example in combining the changes of two dimensions in one relationship.

n+ s slass =m

Figure 2. Failure to distinguish between dependent and independent variables.

Table 1. Correlation of students' responses to four categories of figural patterns.
Correlations

al g2 g3 g4
Correlation Coefficient 1.000 425" 464" .318"

ql Sig. (2-tailed) . .000 .000 .000

Spearman’s rho N 188 188 188 188
Correlation Coefficient 425" 1.000 .374" .436"

q2 Sig. (2-tailed) .000 . .000 .000

N 188 1883 188 188
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Correlations

ql g2 g3 g4
Correlation Coefficient .464™ .374™ 1.000 .402"

q3 Sig. (2-tailed) .000 .000 . .000
N 188 188 188 188
Correlation Coefficient .318" .436™ .402" 1.000

g4 Sig. (2-tailed) .000 .000 .000 .
N 188 188 188 188

**, Correlation is significant at the 0.01 level (2-tailed).

Summary

Figural pattern generalization has a unique capacity to enhance functional thinking
(Mark Wart, 2010). In addition, in studying longitudinally 11-year-old students, Rivera
(2013) states that students were able to solve modeling/function questions after working
with pattern generalization tasks without being trained in modeling and functions.
Therefore, without any doubt, attention to figural pattern generalization will promote
functional thinking and can be an incomparable basis for a better understanding of the
variable concept (in terms of being dependent and independent) and solving two-variable
problems and modeling. In this regard, quantitative and qualitative research was carried out
to investigate the performance of students in two variable figural pattern generalizations for
helping to design the teaching and learning path of these patterns.
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