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Abstract

Mathematics learning occurs within the context of classroom interaction. This interaction entails the engagement
of students with their peers, both within the whole class setting and within smaller group settings. Furthermore,
students interact with their teachers and utilize various learning resources during the process of mathematics
learning. This study aims to explore the role played by students with field-independent and field-dependent
cognitive styles in the context of mathematics learning in vocational schools. The research methodology employed
for this study is a case study approach. The findings of this research revealed that there existed a division of
student roles within the groups, which was determined through collaborative decision-making amongst the group
members. The division of student roles during class discussions can be summarized as follows: 1) In order to
successfully complete the activities assigned by the teacher, it is imperative to establish a division of roles within
the groups. 2) Various interaction patterns were observed, including requests for help, provision of assistance, and
negotiation. 3) The pattern of Thinking Interaction observed indicated distinct roles for the three students with
field-independent cognitive styles. Consequently, this finding contradicts Witkin's assertion that field
independents prefer to work independently.
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INTRODUCTION

Classroom interaction is an important element in determining learning success, especially
in mathematics. This interaction is a significant activity for effective learning (Bishop, 1988;
Elber, 2003). Interaction in mathematics learning in the classroom can occur between teachers,
students and learning resources (Setianingsih, 2017) so that it can build an interactive social
environment, with the main aim of improving the learning process (Chi, 2009; Elber, 2003;
Gravemeijer & Cobb, 2006; Gravemeijer & Terwel, 2000; Liu, T., Tan, T., & Chu, 2007;
Knowledge et al., 2017; This interaction is not just a conversation, but a thinking interaction
that builds students' understanding and cognitive structures. Interaction is an internal
transformation from one agent to another which results in the formation of a new structure or
re-structuring of the existing schema (cognitive structure) (Parta, 2018). Previous research
shows that peer interaction, including group discussions, improves mathematical
understanding and is an effective way to promote student performance (Apriliyanto et al., 2018;
Ayuwanti et al., 2021; Cesar, M. & Torres, 1997; César , 1997; Chapman, 2004; Vygotsky,
2016).

Apart from that, interactions are also influenced by cognitive style. Cognitive styles, such
as field independent and field dependent, also influence this interaction. Previous research
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focused on cognitive styles which concluded students' tendencies in obtaining, processing, and
organizing information in mathematics learning and presenting this information again based
on experience (Kane et al., 2016). Cognitive style describes how a student interacts in receiving
and organizing surrounding information (Woolfok, Anrita, 1993) such as learning mathematics
in class. Furthermore, cognitive style refers to the consistency of patterning that students
produce with intellectual approaches and/or strategies in solving problems (Coop, 1974) in
learning mathematics.

This research is different from previous research because it focuses on student
interaction. Pedagogically, the roles that can be given to students in small groups, such as: a)
The Summarizer, b). The Researcher (researcher), c). The Checker (checker), d). The Runner,
e). The Observer/Troubleshooter (observer/conflict resolver), f). The Recorder (recorder)
(Johnson, David W.; Johnson, 1994). The phenomenon in the field shows that field independent
students can regulate the roles of other students in group discussions. This is contrary to the
assumption that field independent students prefer to work independently (Witkin HA, 1981).
This phenomenon encourages researchers to find out more about the role that can be played in
students with field independent and field dependent cognitive styles in learning quadratic
equations. This, in accordance with the opinion of Radulovic & Stancic, emphasizes the need
to question and reorganize the roles of students and teachers in the learning process (Vietri et
al., 2020).

This research aims to analyze the interaction patterns of field independent and field
dependent students' thinking in learning quadratic equations. It is hoped that the research results
can become an alternative strategy for teachers in helping students achieve learning goals. This
research is different from previous research because it focuses on thinking interactions and
considers students' cognitive styles. The formulation of the problem in this research is how
does field independent and field dependent student thinking interact in learning quadratic
equations? The aim of this research is to qualitatively analyze the interaction patterns of field
independent and field dependent students' thinking in learning quadratic equations. It is hoped
that the results of this research can help teachers in: 1) Understanding the interaction of field
independent and field dependent students' thinking, 2) Developing learning strategies that suit
students' cognitive styles, 3) Improving student learning outcomes in learning quadratic
equations. It is hoped that this research can contribute to the development of more effective
and student-centered mathematics learning.

METHOD

This research is qualitative research with a case study design. The case study design was
chosen to provide facts in the field (Ferguson, 2013) about the interaction patterns of field
independent and field dependent students' thinking in mathematics learning about quadratic
equations. The instruments used in this research include the main instrument and supporting
instruments: the main instrument is the researcher as a non-participant observer, namely
observing and recording phenomena (Creswell, 2012) of student thinking interactions in
mathematics learning. Meanwhile, the Supporting Instrument consists of 1) an interview guide
containing questions such as a) why do you mention reasons like this?; b) why choose these
functions instead of quadratic functions. Other questions are contained in the attachment to the
research instrument which aims to explore information related to the thinking interactions that
have been carried out during learning. 2) Student worksheets contain mathematical problems
about quadratic equations which are designed to encourage students' thinking interactions. 3)
Field notes function to record the chronology of events and a general description of student
thinking interactions and the roles played by students. 4) Audiovisual camera: to record images,
atmosphere, behavior and sounds during the research.

This research was conducted during 4 meetings in mathematics learning about the
concept of quadratic equations. Participants in this research were students of SMK Negeri 1
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Cerme-Gresik who met the criteria, namely: 1) Having a field independent cognitive style of 3
students, 2) Having a field dependent cognitive style of 2 students.

The researcher acted as an observer of students' thinking interactions in learning
quadratic equations which was photographed while students were working on student
worksheets. Next, the researcher conducted interviews to dig up information related to the
thinking interactions that had been carried out during the lesson. Researchers analyzed the data
obtained by reading all the data in the form of student worksheet work, field notes, interview
results, and learning recordings. Then, interpret it with codes for participants such as (Fl.: Field
Independent 1, Fl: Field Independent 2, Fls: Field Independent 3, FD. : Field Dependent 1, FD; : Field
Dependent 2), the role of participants during student thinking interactions in learning the
concept of quadratic equations such as (Main actor, Secondary Actor, and Delayed Lead
Actor). The final stage carried out by the researcher was to present and interpret the findings
from the research.

This research has several limitations (Creswell, 2012), namely: Limited research time
which is adjusted to the number of learning meetings on quadratic equation material, because
the researcher does not have his own class. It is hoped that this research can contribute to the
development of more effective and student-centered mathematics learning.

RESULTS AND DISCUSSION

This research began by conducting an initial study and administering a cognitive style
test to obtain participants who met the criteria in accordance with the objectives so that it could
be used to understand the phenomenon of interaction between field independent and field
dependent students' thinking in learning mathematics about the concept of quadratic equations.
The selected participants consisted of 3 men and 2 women who had different characteristics in
terms of knowledge or skills as well as cognitive style as follows Fl; = AK (Lk); Fl, = FS(LK);
FD: = D(LK); FD, = KN(Pr); FI; = AA (Pr). The selection of participants was based on the fact
that when group discussions were carried out, these participants divided roles in the group
discussion when completing the activities given on the student worksheet.

Next, the results of the research are given regarding the interaction patterns that occur
in the learning process. In this group, students' thinking interactions in completing student
worksheets on the concept of quadratic equations are: 1) Interaction of providing assistance, 2)
Interaction of asking for help, and 3) Interaction of discussion or negotiation. Tables 1-3 show
the participants who interacted and a description of the interactions carried out.

Table 1. Interactions providing assistance

Helpful Assisted Description
participants participants
Fl, Students Fl; Students 1. Provide assistance in the form of an explanation of the

reasons why only problem 1b is a quadratic function
and the other functions are not quadratic functions

2. Provide assistance in the form of opinions regarding
conclusions to answer No. 9

Fl1 Students FD. Students 1. Provide assistance in the form of explanations on how
to draw graphs via Geogebra

Fl1 Students FD, Students 1. Provide assistance in the form of explanations on how
to draw graphs via Geogebra

Fl1 Students FlzStudents 1. Provide assistance in the form of explanations on how
to draw graphs on worksheet

Teacher Fl; Students 1. Providing assistance in the form of explanations about

(ideas) examples of coefficients.
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Helpful Assisted Description
participants participants

2. Provide assistance in the form of answering No. 9
which is the conclusion of all activities in worksheet
1

Teacher FD. Students 1. Provide guidance on answering question no. 5 — 8.

2. Provide assistance in the form of (ideas for) possible
numbers that can be used to create different graphic
shapes

Teacher Fls Students 1. Provide assistance on how to draw appropriate graphs

on worksheet

Based on Table 1. We can see that the participant who interacted a lot with other
participants was Fl.. Fl, interacted to provide assistance to participants FDi1, FD,, and Fls.
Meanwhile, Fl, only provided assistance to FI, once and did not interact with other participants.
On the other hand, the interaction of asking for help obtained the opposite result from the
interaction of giving help. Where, FI1 asks for help from FI2 and other participants ask for help

from FI1. Results can be seen in Table 2.

Table 2. Interactions asking for help

Participants

who ask for

help

Participants
Asked
Help

Description

for

Fl; Students

FD; Students
FD, Students

Fl3 Students

Fl; Students

FD, Students

Fl3 Students

Fl, Students

Fl, Students
Fl; Students

Fl; Students

Teacher

Teacher

Teacher

1.

PN

Ask for an explanation of the reasons why only
problem 1b is a quadratic function and the other
functions are not quadratic functions

Ask for ideas to answer No. 9 about the general form
of quadratic functions and the reasons

Asking for ideas on how to draw graphs via Geogebra
Asking for ideas on how to draw graphs via Geogebra
Asking for ideas on how to put images on Canva
Ask for an explanation whether the way to draw
graphs on the LKPD is correct

Ask for an explanation whether the answer on Canva
is correct

Ask for an explanation of (the idea of) the coefficient
example

Ask for ideas on how to answer No. 9 which is the
conclusion of all activities in LKPD 1

Ask for ideas/hints to answer question no. 5 — 8 to
bring up different graphic shapes

Ask for an explanation whether the image that has
been made is in accordance with the request in
question no. 5 — 8.

Asking for ideas on how to draw the right graph on
the LKPD

Table 3. Discussion or negotiation interactions

Discussion or Negotiation Description of Discussion or Negotiation

between Students

Fl, Students, Fl, Students

1. Discuss the reasons why it is a quadratic function and not a

quadratic function
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Discussion or Negotiation Description of Discussion or Negotiation

between Students

2.

Fl; Students, FD; Students 1.

Fl, Students, FD; Students 1.
2.
Fl3 Students, FD2 Students 1.
Fl, Students, Fls Students 1.
2.
Fl; Students, Fl, Students, 1.

Flz Students, FD1 Students, 2.
FD, Students 3.

4.

Hold negotiations to conclude the activity (answer question
No.9)

Discuss the quadratic function and its graph in question no. 6
Discuss the quadratic function and its graph in question no. 5
Negotiate the appearance of decimal values in quadratic
functions

Discuss the answer to question no. 9

Discuss the quadratic function and its graph in question No.7
Negotiating the emergence of negative numbers in quadratic
functions

Discuss the quadratic function and its graph in question no. 8
Discuss the conclusions on question no. 9

Negotiate the results of the answers to all the questions that
have been done before being done

Discuss their respective roles in the presentation

In discussion or negotiation interactions, the emergence of activities that remain
concentrated on the activities carried out by Fl, participants is obtained. Negotiation
interactions arise because of different thoughts regarding the answer given, for example
negotiating whether to produce a decimal number or not, whether a negative number appears
or not, and negotiating for the results of the written answer. Meanwhile, discussion interactions
arise when other participants want to know the answers from each participant. More details of
the discussion or negotiation interactions that emerged can be seen in Table 3.

The results obtained in observing the productive thinking interactions of field
independent/field dependent students in the quadratic equation material presented in Table 4.

Table 4. Student activities in thinking interactions and their roles

Indicator Activity

Field Notes FI, Fl, FD: FD; Fls

convey ideas  convey the idea of the N \
from the definition of quadratic
results of equations and not
understanding quadratic equations
convey the idea of N

what are called
variables, coefficients,
and constants
convey the idea of
making graphs with
geogebra

convey the idea of
obtaining the general
form of quadratic
equations

convey ideas for
creating different
graphic shapes

Fl, Ask the V
friend to make

a graph by

giving

negative

numbers
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Indicator Activity Field Notes Fl. Fl, FD: FD; Fls
convey ideas forhow  FI; asks to N N
to draw graphs create a chart

with 4
quadrants
because FD;
previously
asked for only
2 quadrants

criticize the criticize his friends' Fl, asks to \

ideas of his ideas in making graphs create a graph

friends with with 4

ideas that quadrants

have been criticized his friend's \

developed ideas in determining
variables, coefficients
and constants
Criticize friends who v o d
only come up with
whole numbers to form
quadratic equations

convey new  conveyed the idea of \ \

ideas and are  comparing geogebra

different from results and manual

previous graphics

ideas

negotiating Main actor: Variablesare

ideas in the form of

letters,
constants are
in the form of
letters, and
coefficients are
numbers that
contain letters
Secondary Actor: What is the N A
difference
between
variables,

Delayed Lead Actor:

constants and
coefficients

Knowing what \
is symbolized

is a machine

Table 4 shows that thinking interactions are dominated by FI, participants. Participant Fl,
actively conveys ideas from the results of understanding the questions, criticizes other
participants regarding the ideas given, generates new ideas from answers given by other
participants, and becomes the main actor in negotiating ideas, participants Fl; and FD, become
secondary actors who ask questions and follow the steps given by Fl; and Fl,. Meanwhile,
participants who both have a field independent cognitive style, namely Fl,, carry out thinking
interactions when there is a stimulus given by Fl, and bring up the delayed role of the main
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actor, namely participants who already understand the answer but do not provide a direct
answer to the other participants.

Discussion
Learning experience in dividing roles in discussion groups

From the results of observations during 4 meetings and data analysis carried out, it was
found that before conducting group discussions, students shared roles in completing the LKPD
given by the teacher. The division of student roles in the discussion is as follows: 1) Fl; (male)
acts as chairman or discussion leader. Fl; students are considered to be able to organize the
work of other students. Fli's role is to provide explanations to other friends after Fl, has
discussed with Fl,, draw graphs with Geogebra, determine which answers will be written in the
LKPD and become joint answers, provide conclusions from the explanation during the
presentation. 2) Fl, (male) acts as a validator of answers that have been discussed by other
friends in one group, draws graphs with Geogebra, provides explanations in the presentation if
there are questions from other groups. 3) Fl; (Female) plays the role of looking for answers,
writing answers, drawing graphs with Geogebra, delivering answers during presentations. 4)
FD: (Male) plays the role of finding answers, drawing graphs with Geogebra, delivering
answers during presentations. 5) FD, (Female) plays the role of finding answers, drawing
graphs with Geogebra, drawing graphs on LKPD, delivering answers during presentations.
Pedagogically, roles can be given to students in small groups, such as: a) The Summarizer, b).
The Researcher (researcher), c). The Checker (checker), d). The Runner, e). The
Observer/Troubleshooter (observer/conflict resolver), f). The Recorder (recorder) (Johnson,
David W.; Johnson, 1994).

This division of roles is a criterion that can be considered to promote student interaction
(Juarez-Diaz & Ojeda-Ruiz, 2021). Student interactions in cooperative social environments
provide many opportunities to observe, imitate, and then develop higher mental functions
(Vygotsky, 2016) and demonstrate the importance of students' mathematical development
(Chapman, 2004; Yackel et al., 1991). The division of roles gives rise to thinking interactions,
students can test ideas or concept (Berg, 2020) and can formulate perceptions about
mathematics that demonstrate mathematical understanding (Chapman, 2004; Johnson, David
W.; Johnson, 1994) in quadratic equation material.

Interaction patterns formed from the learning process

There is continuous student interaction in learning. This is interesting to observe because
the class is divided into 7 groups, only 3 groups have a focus on completing the activities given,
one of which is the red group. This shows the need for a learning design that is able to make
all students in the class have the same focus in participating in learning and completing
activities on the LKPD given by the teacher.

In this group, student interactions in tasks during group learning that emerged were 1)
Interactions providing assistance; 2) Interaction asking for help, 3) Discussion or negotiation
interaction. The group was able to complete the LKPD given by the teacher, but was not able
to connect the information obtained from working on question No. 1 to No. 9. The following
is given for each interaction pattern that is formed.

The form of interaction providing assistance that occurs in this group is shown in Figure
1 which was created based on Table 1 above. Based on Figure 1 obtained, we can see that the
teacher only provides procedures or facilitates so that participants can answer the problems
given. Meanwhile, the interaction of providing ideas and providing explanations to other
participants was carried out by participant Fl,. Specifically, Fl, provided ideas and explanations
to Fl, participants.
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[T
——» Provide explanations to other friends @ /”“’4®

e, » Give an idea

Provide procedures or ways to answer @
Figure 1. Arrow diagram provides assistance

The second form of interaction is interaction asking for help. The forms of interaction
providing assistance that occur in this group are shown in Figure 2 which was created based
on Table 2 above. Figure 2 shows the roles presented by participant Fl; following the pattern
shown in Figure 1. Likewise with participant Fl, who only interacted with participant Fl..

A‘
4“_,’_____-____._,____7./_ / @
Request an explanation of the solution .- = _

& —— » Ask for ideas for solving problems
Figure 2. Arrow diagram asking for help @

The third form of interaction is discussion or negotiation interaction. The form of
discussion or negotiation interaction that occurs in this group is shown in Figure 3. Figure 3
shows that this discussion or negotiation interaction only involves students in the group and
the teacher does not participate in the interaction. Discussion or negotiation interactions run
actively and continuously when students want to get group answers written in the LKPD. In
discussion or negotiation interactions, the teacher does not bring up activities because the
discussion or negotiation interaction activities are related to the answers raised by the

> &
S—=®
C

Discussion or Negotiation Interaction

Figure 3. discussion or negotiation interaction

From the three interaction patterns obtained in Figures 1 - 3 where participants completed
tasks during group learning on quadratic equation material, a combined interaction pattern was
obtained as in Figure 4. This interaction pattern determines the retention of knowledge acquired
by a person (Parta, 2018).
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Discussion or negotiation interactions
--------- » Interaction asking for help

— Interaction provides assistance

Figure 4. Interaction in tasks during group learning

The interaction pattern that was formed gave rise to the result that participants with a
field independent cognitive style, namely Fl;, had interactions that were different from the
characteristics that should appear in individuals who have a field independent cognitive style.
Field independent students also have disadvantages, namely they are less sensitive to other
people's feelings and are not effective in social situations (Anita E, 2004). However, the
interaction patterns obtained actually show that Fl; is the center of the interactions that emerge
in learning. This is in contrast to the opinion that students who have a field independence
cognitive style depend on an internal frame of reference and prefer to do activities on their own
(Witkin HA, 1981).

This fact was strengthened in the deeper analysis carried out, namely pattern interaction
of field independent/field dependent students' thinking in learning quadratic equations. Based
on Table 4, we obtain the emerging pattern of student thinking interactions, which is shown in
Figure 5 below.

Information:

|| : Convey ideas Au : Main actor As: Secondary Actor
% : Criticize ideas AuT: Lead Actor Delayed

Discussion or negotiation interactions

*_ AuT

--------- » Interaction asking for help

— Interaction provides assistance

Figure 5. Thinking Interaction Patterns of FI/FD students

Apart from that, from observing activities, it was found that those who were more of the
main actors in productive thinking interactions in learning quadratic equations were Fl;
students with a field independent cognitive style and acting as leaders. Meanwhile, FI, students
who both have a field independent cognitive style are more of a delayed main actor, who know
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what other friends are asking but do not actively provide answers. Fl, students act more as
validators in student thinking interactions. Meanwhile, FD, and Fl; students are more dominant
as secondary actors, who need help from other students. Another finding is that Fls students in
learning quadratic equations should find it easier to explain complex things and solve problems
more easily, and learn natural science and mathematics more easily(Anita E, 2004; Wahidah
et al., 2024; Witkin HA, 1981). However, the role that appears in Fl; students' thinking
interactions is the opposite and is more of a secondary action, which in fact is the student asking
questions and following the steps given by other students.

CONCLUSION

In this study, researchers found different phenomena in students who had a field
independent cognitive style, namely 1) field independent 1 students had high social interactions
with other students, 2) field independent 2 students only interacted with field independent 1
students and liked work alone, 3) field independent 3 students only interact to ask for help and
follow the steps given by other students. On the other hand, the division of roles found in this
research can encourage thinking interactions among all students in learning quadratic
equations.

RECOMMENDATION

In future research, more in-depth research can be carried out on students' thinking
interaction patterns by paying attention to the scores on cognitive style tests obtained by
students, so that the causes of the phenomena that emerge from this research can be found.
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