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Mathematics class can cause many problems if students do not organize
diversity and habits correctly. Using a sociograph to form a mathematics study
group is one way to organize assortment in the mathematics class. Sociograph
is a friendship pathway that appears in a math class. In this sense, this study
aims to determine the impact of forming study groups based on friendship in
a mathematics class on problem-solving abilities. A quasi-experimental
research design with 30 students was used. A friendship questionnaire and a
problem-solving test were used as instruments. In addition, an independent t-
test was used to analyze the data. The study results indicate that study groups
formed through friendship pathways (sociograph) have a more significant
effect than those formed through other means. As a result, the formation of
heterogeneous groups based on friendship can be used as an alternative to the
formation of study groups.
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1. INTRODUCTION

Character is defined as the psychological traits of morality or manner that set one
individual apart from another (Ganellen, 2007; Kosinski et al., 2014). Character is an identity
that describes a person's qualifications (Asch, 2005; Fejes & Kopsén, 2014). It does not
necessitate quantitative evaluation tools, so its formation does not necessarily entail a
separate subject (Entwistle & Ramsden, 2015; Orne, 2006). Various student characters from
outside the classroom provide color-to-student interaction in the mathematics class. This
character difference is one reason why learning in mathematics class will cause many
problems (Cheema & Kitsantas, 2014; Pekrun, 2014). Students' personalities are very
diverse or heterogeneous, and their habits differ. The impact of learning mathematics is that
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it can organize students' diversity and habits so that learning goals can be achieved while
remaining unlikely to be affected (Kereluik et al., 2013; Killpack & Meldn, 2016; Kdvecses-
G6si, 2018; Widodo & Purnami, 2018).

Social interaction is a pattern that teaches students how to analyze a phenomenon
related to their life problems and experiences (Russell & Martin, 2014). Social interaction is
a relationship between two or more people or between one person and another (Cacioppo &
Cacioppo, 2014). A reciprocal relationship develops between the two parties during that
interaction (Lewis et al., 2014; Sprecher et al., 2013). Students who engage in social contact
are more likely to have an attitude of collaboration, to connect with others on an individual
or group level, to communicate with one another, and to offer solutions to problems (Cowie
etal., 1994; Cullen-Lester & Yammarino, 2016; Ratts et al., 2016; Tseng & Kuo, 2014).

By focusing on students' emotional and social needs, teachers can play a crucial part
in fostering positive interactions in the classroom (Bambaeeroo & Shokrpour, 2017; Glass
et al., 2015). Students can feel at ease and enjoy studying at school through these
interactions, which will help them meet their learning goals (Biesta, 2015). The students'
situation and psychosocial state must be considered by the teacher before teaching,
especially in math class (Roeser et al., 2013). This seeks to help students effectively absorb
the knowledge the teacher is trying to deliver (Hattie, 2015; Rasmitadila et al., 2020). This
leads to patterns of social interaction between students and their environment, which can
assist teachers and students in creating effective learning environments since teachers can
recognize the diversity and habits of students. This notion is consistent with constructivism,
which identifies the importance of social and interpersonal interactions, as well as an
individual's ties with their social environment, as the starting point for knowledge (Bozkurt,
2017; Endres & Weibler, 2017; Galbin, 2014). Instead of only remembering formulae or
theorems, students are considered to grasp mathematical concepts if they can create
cognitive links between new experiences and their prior comprehension of mathematics
(Bujak et al., 2013; Esteban-Guitart & Moll, 2014; Haylock & Manning, 2018). Students
engage with other students and their groups, and as a result, the learning process involves
social relationships (Amineh & Asl, 2015; Argyle, 2017).

One technique for organizing very diverse students is to divide them into study
groups, as in cooperative learning in mathematics (Capar & Tarim, 2015; Chan & Idris,
2017; Slavin, 1988; Zakaria et al., 2013). Some of the learning goals achieved through group
work include allowing students to discover their unique talents and skills, making the
material simpler to understand, giving students more roles and responsibilities for learning
and understanding the materials, and raising students' awareness of cooperation, mutual
tolerance, and respect (Islamov et al., 2016; Kauffman, 2015; Nenotaek et al., 2019; Zakaria
etal., 2013).

As of now, the process of creating study groups, such as in cooperative learning
models for mathematics, is heterogeneous and uses several ways, such as counting
techniques and random, peer-to-peer, or lottery processes (Van Ryzin et al., 2020). In reality,
some earlier researchers who studied cooperative learning noted that the creation of groups
in collaborative learning occurs randomly based on peers (Ji et al., 2016; Stigmar, 2016).
The issue arises when some students encounter mathematical difficulties and are hesitant to
approach the teacher or other group members who are not on the same "frequency™ as them.
This is true even when the research results indicated that students' cognitive abilities had
improved. Even though math class can be integrated into society, friendship groups are rarely
formed in class (Esmonde et al., 2013; Esmonde & Langer-Osuna, 2013; Fields & Enyedy,
2013). In mathematics class, study groups built on friendships between students will reduce
problems with students who are unwilling to ask the teacher questions or do not participate
in group activities consistently (Wang & Tahir, 2020).
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In this regard, this study aimed to determine the impact of forming study groups
based on friendship in mathematics class on students' cognitive abilities. This study defines
the student's cognitive ability as solving mathematical problems. This ability allows students
to use mathematical activities to solve problems in mathematics, other sciences, and
everyday life (Widodo, 2017; Widodo et al., 2017; Widodo et al., 2019b). In addition, a
sociograph can be used to illustrate the dynamics of friendship in math class. The sociograph
pathway can identify the math study group depending on how closely the students are
interconnected. It is hoped that students will be able to ask their peers to understand complex
content rather than coming to their supporting teacher.

2. METHOD
2.1.  Research Design

Because external factors that affect research results cannot be controlled entirely, this
quasi-experimental study was chosen. A nonequivalent post-test control-group design was
adopted for the investigation. In general, the experimental and control groups' student groups
engage in the same type of learning, known as problem-based learning. The same teacher
observed the learning process, the control and experimental groups attended the same class,
and the subject matter was the same to prevent teaching-related bias from affecting the
research findings.

This questionnaire aims to discover if students will likely seek assistance when
presented with mathematical problems. Following that, four groups with four students each
were chosen. The researcher verified that establishing two groups was based on friendships
among students in the mathematics class using the four selected groups. The experimental
group was later used to refer to these two groups. Finally, students from the control and
experimental groups took a post-test to gauge their cognitive capacities after learning the
math material at the end of the lesson.

2.2. Participant

Purposive sampling was used to select participants for this study. Purposive sampling
is a technique with defined goals and characteristics (Etikan et al., 2016). The study aimed
to see how group learning using a sociograph affected the ability to solve mathematical
problems. As a result, the students used in this study were 16 students divided into four study
groups. Two of the four study groups were formed based on student friendship pathways, so
they were assigned to the experimental group. The other two groups, in contrast, joined the
control group because group formation was not based on student friendship pathways.

A friendship questionnaire is required to determine who the closest friend is in order
to determine the friendship network. This friendship questionnaire only has one question:
"When faced with a mathematical problem, whom do you turn to for assistance? Mention no
more than two students! ". Figure 1 depicts creating a friendship path or sociograph based
on the questionnaire results. Following all these, two study groups were formed based on the
friendship pathway: group A, which consisted of 1, 2, 18, and 19, and group B, which
consisted of 5, 6, 16, and 22.

One group was compared to sociograph groups to determine whether study groups
formed on sociographs have a positive effect; namely, study groups formed heterogeneously
and not based on friendship pathways. Group C consists of 18, 15, 23, and 24 students, while
Group D consists of 9, 15, 20, and 26 students.
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Figure 1. Sociograph in the mathematics class

2.3. Research Instruments

A research instrument is a tool used to measure an object and gather data from a
variable (Taherdoost, 2016). A mathematical problem-solving test provided after each
learning session served as the research instrument for this study. Because of this, each
learning session's test for research participants only consists of a one-word problem with a
mathematical solution. The format of this test is based on the material quadrilateral aspects.
This content contains squares, rectangles, parallelograms, rhombuses, kites, and trapeziums.
The score criteria for the test of mathematical problem-solving are shown in Table 1
(Widodo, 2017; Widodo et al., 2017; Widodo et al., 2019b).

Table 1. Indicators of the problem-solving from Polya

Polya’'s Step Score Indicators
Understanding 3 Students can explain in written form what they know and
the Problems need from the clearly-stated problem.
Students only write (express) what they know or what is
2
asked of them.
Students note down (disclose) data/concepts/knowledge
1 that is unrelated to the nature of the problem, causing

students to misunderstand the problem at hand.

Students do not write anything, so they do not comprehend
the nature of the problem.

Devise a plan Students write down/tell the sufficient and necessary

(Translate) 2 conditions (formula) of the problem posed and use all the
collected information.
1 Students tell/write the steps to resolve the problem but must

do it more coherently.
0 Students do not tell/write the steps to solve the problem.
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Polya's Step Score Indicators
Carry out the plan Students carry out their plans and follow the steps to solve
(solve) 4 the problem correctly. There are no procedural errors, nor

are there any algorithm/calculation errors.

Students carry out their plans correctly, following the steps
3 to solve the problem, and there are no procedural errors, but
there are algorithm/calculation errors.
Students carry out their plans, but errors in procedure

2
occur.
1 Students carry out their plans, but procedural, and
algorithm/calculation errors exist.
0 Students need help to carry out the plans that they have
made.
Look back 1 Students re-check their answers.
(check and
interpretation) 0 Students do not re-check answers.

2.4.  Data Collection and Analysis

Examples of questions that are posed to subjects at the end of a learning session
include:
A square photo frame is rotated at 45°, with the axis of rotation at the point where the
diagonals intersect. If the square's side length is 1 cm, determine the area of the slice
between the photo frame before and after rotating it!

The learning model used in both groups (control and experimental groups) in this
study was problem-based learning. Furthermore, the mathematics material given to both
groups was the same, the teacher who provided the mathematics material to the two groups
was also the same, and the treatment time (including learning time) assigned to the two
groups was also the same. This was carried out to avoid biased research results. Therefore,
researchers make every effort to prevent non-observational variables that could tamper with
the findings of this study.

2.5. Data Analysis

The post-test provided to students at the end of the learning session is given 15 times
since the math teacher conducts learning for around one month with 15 meetings. Moreover,
the post-test results on problem-solving were used to calculate the average level of problem-
solving for each treatment group. In addition, the Statistical Package employed the average
findings from each session of the Social Sciences (SPSS Version 21) program to determine
the data distribution, the overall average for each group, and the standard deviation in
demographic data. Finally, the average of each treatment group's data was examined in a
paired t-test to determine the answer to this study question.

Using the independent t-test, it is feasible to conclude that study groups based on
friendship paths (sociograph) influence problem-solving skills. T-value is obtained if the
significance coefficient is less than 0.05.
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3. RESULT AND DISCUSSION
3.1. Result

Geometry is the mathematical material used in this study to determine the area and
perimeter of a rectangle. The teacher conducts learning 15 times to complete this material,
and Table 2 shows the average problem-solving ability for each session and group.

Table 2. The score of problem-solving skill

A score of problem-solving skill

Session -
Control group Experiment group

1 7.250 8.000
2 7.250 8.375
3 8.375 7.125
4 7.250 7.875
5 7.625 7.750
6 7.375 8.000
7 7.625 7.625
8 7.625 7.875
9 7.500 7.125
10 7.000 8.625
11 7.500 7.250
12 7.500 8.125
13 7.000 8.375
14 7.750 8.125
15 7.250 8.625

average 7.458 7.925

The data in Table 2 is used to calculate a t-test using IBM SPSS Statistics Version
25 software. An assumption test, namely the population normality test and variance
homogeneity, is performed before calculating this paired t-test. The population normality
test employs the chi-square test, assuming that if a significance coefficient (asymp. Sig.)
greater than 0.05 is obtained, the sample is drawn from a normally distributed population.
The Levene test is used in the population variance homogeneity test, which assumes that if
a significant coefficient (Sig.) of more than 0.05 is obtained, the two samples used have the
same variance.

Table 3. The result of the normality test with chi-square

Exsperiment control
Chi-Square 1.200 4.133
Df 8 6
Asymp. Sig. 0.997 0.659

Table 3 shows that the chi-square calculation results for the experimental and control
groups were 1.200 with an Asymp. Sig of 0.997, respectively, and 4,133 with Asymp.Sig.
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of 0.659. These results indicate that the samples in the experimental and control groups come
from normally distributed populations.

The results of Levene's test calculations using IBM SPSS Statistics Version 25
software showed that Levene's test statistic was 2.042, dfl was 1, df2 was 28, and a
significance coefficient was 0.164. These results indicate that the two sample groups used
have the same variance.

After performing the t-test assumption test, and then conducting the paired t-test
using the IBM SPSS Statistics Version 25 software, it was discovered that the t-test is 3.039,
the df is 38, and the sign coefficient is 0.005. If the t table for a df of 28 is 1.699, then the
tob obtained exceeds the t table. Furthermore, based on the obtained significance coefficient
of less than 0.05, the formation of study groups based on the friendship path (sociograph)
affects the ability to solve mathematical problems differently.

Table 4. The result of descriptive statistics

Group N Mean Standard deviation
Experiment 15 7.925 0.488
Control 15 7.458 0.340

According to Table 4, the average control group was 7.927, while the average
experimental group was 7.458. Based on these averages, study groups formed through
friendship pathways (sociograph) have a more significant effect than those formed through
other means.

3.2. Discussion

The findings revealed that study groups formed based on friendship paths
(sociograph) had a more significant impact than those formed based on other criteria. This
demonstrates that the process of social interaction during learning will produce a rule or
agreement that must be followed. These agreements are called norms. There are two norms
in learning mathematics: social and socio-mathematic. Social norms are rules or patterns of
social interaction that are not tied to topics or learning materials, such as tolerance of the
surrounding environment in daily interactions, how to adequately express opinions, and
respect for the views of others. Socio-mathematical norms are explicitly linked to
mathematical argumentation, namely how students engage in the process of interaction and
negotiation with their surroundings in order to understand mathematical concepts so that the
arguments expressed can be mathematically accepted by others (Bonotto, 2010, 2011, 2013;
Cobb et al., 1989; Lopez & Allal, 2007; Partanen & Kaasila, 2015; Yackel & Cobb, 1996;
Yackel et al., 1991; Yackel & Rasmussen, 2002). When the explanations and justifications
made in the mathematics learning class are acceptable to the environment, socio-
mathematical norms can be formed (Mueller et al., 2014).

Unknowingly, teachers and students have used socio-mathematical norms during the
learning process, such as encouraging students to ask questions and argue during the learning
process, creating a creative and innovative learning environment, and employing learning
methods that enable students to become more active. The problem is that learning
mathematics places less emphasis on friendship in mathematics class. Friendship is one
factor contributing to the development of socio-mathematical norms and the acquisition of
problem-solving abilities (Lopez & Allal, 2007; Widodo et al., 2020; Widodo et al., 2019a).
Along with the communication that develops between people, friendships play a role in how
strong a student community is at school. If handled effectively, these communities can help
teachers carry out the learning process in the classroom.
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A social network or networking is a collection of interactions influenced by
friendship and communication. For example, the relationship that develops between
companies in the industrial world is based on the existence of formalized social networks.
This type of relationship is referred to as social network analysis (Freeman, 2004; Serrat,
2017). In social media, an image of a network or networking formed from interaction and
communication between individuals is called a sociograph (Barkley, 2012; Liberatore et al.,
2018). However, several studies state that the sociograph picture is called a sociogram
(Corbisiero, 2022; Saqr et al., 2018). For example, a graph known as a sociograph represents
the social network shown in Figure 1 (Al-Fayoumi et al., 2009).

The general goal of sociographs in social media is to discover networks in regular
communication or interaction (Campbell et al., 2013; De Jaegher et al., 2010; Liberatore et
al., 2018). By adopting the sociograph's function on social media, the sociograph is portrayed
in the social interactions in the mathematics classroom setting to describe or be familiar with
social networks in mathematics learning. Teachers can forecast the critical sources for
solving mathematical issues by studying the sources of social networks in mathematics
learning. The learning process in the mathematics class can aid the teacher's mathematics
learning if the communities built based on social interaction networks can be handled by the
teacher effectively. This explains why instructors must establish networks or friendship
networks in math classes.

As shown in Figure 1, separating subjects 20, 22, 19, 23, and 27 allows for creating
math study groups. This is because anytime a question relating to mathematics is posed, they
serve as the go-to resource or command center for students to find solutions. The ability of
students in subjects 11, 13, 21, and 24 to solve mathematical problems is precarious. This is
evident because no students in one class attempted to approach him for assistance when he
was given a mathematics problem requiring that subjects 11, 13, 21, and 24 be placed
separately. As a result, subjects 20, 22, 19, 23, and 27 focus on mathematical learning
activities, and weak subjects are separated.

Teachers can effectively control mathematics study by creating learning
communities based on social interaction networks. By adopting the sociograph pathway,
teachers can reduce social disputes during arithmetic lessons, resulting in efficient learning.
Because of this, study groups formed based on friendship, or sociographic lines benefit
students' problem-solving abilities.

4. CONCLUSION

Sosiograph is a friendship channel that can be used instead of forming study groups
in math class. Students in the mathematics class with the learning center category must be
separated so that they can replace the teacher's role in conveying material to friends in the

group.

ACKNOWLEDGEMENTS

The authors would like to thank the Universitas Sarjanawiyata Tamansiswa and
Universitas Pendidikan Indonesia, who have facilitated this research.



Iy volume 12, No 1, February 2023, pp. 27-40 35

REFERENCES

Al-Fayoumi, M., Banerjee, S., & Mahanti, P. (2009). Analysis of social network using clever
ant colony metaphor. World Academy of Science, Engineering and Technology, 41,
970-974.

Amineh, R. J., & Asl, H. D. (2015). Review of constructivism and social constructivism.
Journal of Social Sciences, Literature and Languages, 1(1), 9-16.

Argyle, M. (2017). Social interaction. Routledge. https://doi.org/10.4324/9781315129556

Asch, A. (2005). Critical Race Theory, Feminism, and Disability: Reflections on Social
Justice and Personal Identity. In E. F. Emens (Ed.), Disability and Equality Law (pp.
34). Routledge. https://doi.org/10.4324/9781315094861

Bambaeeroo, F., & Shokrpour, N. (2017). The impact of the teachers’ non-verbal
communication on success in teaching. Journal of advances in medical education &
professionalism, 5(2), 51-59.

Barkley, C. K. A. (2012). School leader use of social media for professional discourse.
Virginia Commonwealth University.

Biesta, G. (2015). What is education for? On good education, teacher judgement, and
educational professionalism. European Journal of education, 50(1), 75-87.
https://doi.org/10.1111/ejed.12109

Bonotto, C. (2010). Realistic Mathematical Modeling and Problem Posing. In R. Lesh, P. L.
Galbraith, C. R. Haines, & A. Hurford (Eds.), Modeling Students’ Mathematical
Modeling Competencies: ICTMA 13  (pp. 399-408). Springer US.
https://doi.org/10.1007/978-1-4419-0561-1 34

Bonotto, C. (2011). Engaging students in mathematical modelling and problem posing
activities. Journal of Mathematical Modelling and Application, 1(3), 18-32.

Bonotto, C. (2013). Artifacts as sources for problem-posing activities. Educational Studies
in Mathematics, 83(1), 37-55. https://doi.org/10.1007/s10649-012-9441-7

Bozkurt, G. (2017). Social constructivism: does it succeed in reconciling individual
cognition with social teaching and learning practices in mathematics? Journal of
Education and Practice, 8(3), 210-218.

Bujak, K. R., Radu, I., Catrambone, R., Macintyre, B., Zheng, R., & Golubski, G. (2013). A
psychological perspective on augmented reality in the mathematics classroom.
Computers & Education, 68, 536-544.
https://doi.org/10.1016/j.compedu.2013.02.017

Cacioppo, J. T., & Cacioppo, S. (2014). Social relationships and health: The toxic effects of
perceived social isolation. Social and Personality Psychology Compass, 8(2), 58-72.
https://doi.org/10.1111/spc3.12087

Campbell, W. M., Dagli, C. K., & Weinstein, C. J. (2013). Social network analysis with
content and graphs. Lincoln Laboratory Journal, 20(1), 61-81.

Capar, G., & Tarim, K. (2015). Efficacy of the cooperative learning method on mathematics
achievement and attitude: A meta-analysis research. Educational Sciences: Theory
and Practice, 15(2), 553-559. https://doi.org/10.12738/estp.2015.2.2098


https://doi.org/10.4324/9781315129556
https://doi.org/10.4324/9781315094861
https://doi.org/10.1111/ejed.12109
https://doi.org/10.1007/978-1-4419-0561-1_34
https://doi.org/10.1007/s10649-012-9441-7
https://doi.org/10.1016/j.compedu.2013.02.017
https://doi.org/10.1111/spc3.12087
https://doi.org/10.12738/estp.2015.2.2098

36 Widodo et al., The sociograph: Friendship-based group learning ...

Chan, L. L., & Idris, N. (2017). Cooperative Learning in Mathematics Education.
International Journal of Academic Research in Business and Social Sciences, 7(3),
539-553.

Cheema, J. R., & Kitsantas, A. (2014). Influences of disciplinary classroom climate on high
school student self-efficacy and mathematics achievement: A look at gender and
racial-ethnic differences. International Journal of Science and Mathematics
Education, 12(5), 1261-1279. https://doi.org/10.1007/s10763-013-9454-4

Cobb, P., Yackel, E., & Wood, T. (1989). Young children’s emotional acts while engaged
in mathematical problem solving. In D. B. McLeod & V. M. Adams (Eds.), Affect
and mathematical problem solving: A new perspective (pp. 117-148). Springer New
York. https://doi.org/10.1007/978-1-4612-3614-6 9

Corbisiero, F. (2022). How to study online networking: The role of social network analysis.
In G. Punziano & A. Delli Paoli (Eds.), Handbook of Research on Advanced
Research Methodologies for a Digital Society (pp. 360-374). IGI Global.
https://doi.org/10.4018/978-1-7998-8473-6.ch022

Cowie, H., Smith, P., Boulton, M., & Laver, R. (1994). Cooperation in the Multi-Ethnic
Classroom. Routledge. https://doi.org/10.4324/9780203703021

Cullen-Lester, K. L., & Yammarino, F. J. (2016). Collective and network approaches to
leadership: Special issue introduction. The Leadership Quarterly, 27(2), 173-180.
https://doi.org/10.1016/j.leaqua.2016.02.001

De Jaegher, H., Di Paolo, E., & Gallagher, S. (2010). Can social interaction constitute social
cognition? Trends in Cognitive Sciences, 14(10), 441-447.
https://doi.org/10.1016/j.tics.2010.06.009

Endres, S., & Weibler, J. (2017). Towards a three-component model of relational social
constructionist leadership: A systematic review and critical interpretive synthesis.
International  Journal of  Management  Reviews, 19(2), 214-236.
https://doi.org/10.1111/ijmr.12095

Entwistle, N., & Ramsden, P. (2015). Understanding student learning. Routledge.
https://doi.org/10.4324/9781315718637

Esmonde, 1., Blair, K. P., Goldman, S., Martin, L., Jimenez, O., & Pea, R. (2013). Math |
Am: What we learn from stories that people tell about math in their lives. In B.
Bevan, P. Bell, R. Stevens, & A. Razfar (Eds.), LOST Opportunities: Learning in
Out-of-School Time (pp. 7-27). Springer Netherlands. https://doi.org/10.1007/978-
94-007-4304-5_2

Esmonde, I., & Langer-Osuna, J. M. (2013). Power in numbers: Student participation in
mathematical discussions in heterogeneous spaces. Journal for Research in
Mathematics Education JRME, 44(1), 288-315.
https://doi.org/10.5951/jresematheduc.44.1.0288

Esteban-Guitart, M., & Moll, L. C. (2014). Funds of identity: A new concept based on the
funds of knowledge approach. Culture & Psychology, 20(1), 31-48.
https://doi.org/10.1177/1354067x13515934

Etikan, I., Musa, S. A., & Alkassim, R. S. (2016). Comparison of convenience sampling and
purposive sampling. American journal of theoretical and applied statistics, 5(1), 1-
4.


https://doi.org/10.1007/s10763-013-9454-4
https://doi.org/10.1007/978-1-4612-3614-6_9
https://doi.org/10.4018/978-1-7998-8473-6.ch022
https://doi.org/10.4324/9780203703021
https://doi.org/10.1016/j.leaqua.2016.02.001
https://doi.org/10.1016/j.tics.2010.06.009
https://doi.org/10.1111/ijmr.12095
https://doi.org/10.4324/9781315718637
https://doi.org/10.1007/978-94-007-4304-5_2
https://doi.org/10.1007/978-94-007-4304-5_2
https://doi.org/10.5951/jresematheduc.44.1.0288
https://doi.org/10.1177/1354067x13515934

Iy volume 12, No 1, February 2023, pp. 27-40 37

Fejes, A., & Kopsén, S. (2014). Vocational teachers’ identity formation through boundary
crossing.  Journal  of  Education and  Work, 27(3), 265-283.
https://doi.org/10.1080/13639080.2012.742181

Fields, D., & Enyedy, N. (2013). Picking up the mantle of “Expert”: Assigned roles,
assertion of identity, and peer recognition within a programming class. Mind,
Culture, and Activity, 20(2), 113-131.
https://doi.org/10.1080/10749039.2012.691199

Freeman, L. (2004). The development of social network analysis: A study in the sociology of
science. Empirical Press.

Galbin, A. (2014). An introduction to social constructionism. Social research reports, 6(26),
82-92.

Ganellen, R. J. (2007). Assessing normal and abnormal personality functioning: Strengths
and weaknesses of self-report, observer, and performance-based methods. Journal of
Personality Assessment, 89(1), 30-40. https://doi.org/10.1080/00223890701356987

Glass, C. R., Kociolek, E., Wongtrirat, R., Lynch, R. J., & Cong, S. (2015). Uneven
experiences: The impact of student-faculty interactions on international students'
sense of belonging. Journal of International Students, 5(4), 353-367.

Hattie, J. (2015). The applicability of visible learning to higher education. Scholarship of
teaching and learning in psychology, 1(1), 79. https://doi.org/10.1037/stl0000021

Haylock, D., & Manning, R. (2018). Mathematics explained for primary teachers. SAGE
Publications Ltd. http://digital.casalini.it/9781526454508

Islamov, A. E., Rassolov, I. M., Petunova, S. A., Albov, A. P., Zaikina, I. V., & Shulga, T.
I. (2016). Students’ tolerant behavior formation mechanisms. International
Electronic ~ Journal of Mathematics Education, 12(1), 43-50.
https://doi.org/10.29333/iejme/597

Ji, H., Park, K., Jo, J.,, & Lim, H. (2016). Mining students activities from a computer
supported collaborative learning system based on peer to peer network. Peer-to-Peer
Networking and Applications, 9(3), 465-476. https://doi.org/10.1007/s12083-015-
0397-0

Kauffman, H. (2015). A review of predictive factors of student success in and satisfaction
with ~ online  learning. Research in  Learning  Technology, 23.
https://doi.org/10.3402/rlt.v23.26507

Kereluik, K., Mishra, P., Fahnoe, C., & Terry, L. (2013). What knowledge is of most worth.
Journal of Digital Learning in Teacher Education, 29(4), 127-140.
https://doi.org/10.1080/21532974.2013.10784716

Killpack, T. L., & Melon, L. C. (2016). Toward inclusive STEM classrooms: What personal
role do faculty play? CBE—Life Sciences Education, 15(3), es3.
https://doi.org/10.1187/cbe.16-01-0020

Kosinski, M., Bachrach, Y., Kohli, P., Stillwell, D., & Graepel, T. (2014). Manifestations of
user personality in website choice and behaviour on online social networks. Machine
Learning, 95(3), 357-380. https://doi.org/10.1007/s10994-013-5415-y

Kovecses-Gosi, V. (2018). Cooperative learning in VR environment. Acta Polytechnica
Hungarica, 15(3), 205-224. https://doi.org/10.12700/APH.15.3.2018.3.12


https://doi.org/10.1080/13639080.2012.742181
https://doi.org/10.1080/10749039.2012.691199
https://doi.org/10.1080/00223890701356987
https://doi.org/10.1037/stl0000021
http://digital.casalini.it/9781526454508
https://doi.org/10.29333/iejme/597
https://doi.org/10.1007/s12083-015-0397-0
https://doi.org/10.1007/s12083-015-0397-0
https://doi.org/10.3402/rlt.v23.26507
https://doi.org/10.1080/21532974.2013.10784716
https://doi.org/10.1187/cbe.16-01-0020
https://doi.org/10.1007/s10994-013-5415-y
https://doi.org/10.12700/APH.15.3.2018.3.12

38 Widodo et al., The sociograph: Friendship-based group learning ...

Lewis, S. C., Holton, A. E., & Coddington, M. (2014). Reciprocal journalism. Journalism
Practice, 8(2), 229-241. https://doi.org/10.1080/17512786.2013.859840

Liberatore, A., Bowkett, E., MacLeod, C. J., Spurr, E., & Longnecker, N. (2018). Social
media as a platform for a citizen science community of practice. Citizen Science:
Theory and Practice, 3(1), 3. https://doi.org/10.5334/cstp.108

Lopez, L. M., & Allal, L. (2007). Sociomathematical norms and the regulation of problem
solving in classroom microcultures. International Journal of Educational Research,
46(5), 252-265. https://doi.org/10.1016/j.ijer.2007.10.005

Mueller, M., Yankelewitz, D., & Maher, C. (2014). Teachers promoting student
mathematical reasoning. Investigations in Mathematics Learning, 7(2), 1-20.
https://doi.org/10.1080/24727466.2014.11790339

Nenotaek, B., Sujadi, I., & Subanti, S. (2019). The difficulties in implementing scientific
approach for mathematics learning. International Journal of Educational Research
Review, 4(4), 624-636. https://doi.org/10.24331/ijere.628448

Orne, M. T. (2006). On the social psychology of the psychological experiment: With
particular reference to demand characteristics and their implications. In N. K. Denzin
(Ed.), Sociological Methods (pp. 21). Routledge.

Partanen, A.-M., & Kaasila, R. (2015). Sociomathematical norms negotiated in the
discussions of two small groups investigating calculus. International Journal of
Science and Mathematics Education, 13(4), 927-946.
https://doi.org/10.1007/s10763-014-9521-5

Pekrun, R. (2014). Emotions and learning. UNESCO International Bureau of Education.

Rasmitadila, R., Aliyyah, R. R., Rachmadtullah, R., Samsudin, A., Syaodih, E., Nurtanto,
M., & Tambunan, A. R. S. (2020). The perceptions of primary school teachers of
online learning during the COVID-19 pandemic period. Journal of Ethnic and
Cultural Studies, 7(2), 90-109. https://doi.org/10.29333/ejecs/388

Ratts, M. J., Singh, A. A., Nassar-McMillan, S., Butler, S. K., & McCullough, J. R. (2016).
Multicultural and social justice counseling competencies: Guidelines for the
counseling profession. Journal of Multicultural Counseling and Development, 44(1),
28-48. https://doi.org/10.1002/jmcd.12035

Roeser, R. W., Schonert-Reichl, K. A., Jha, A., Cullen, M., Wallace, L., Wilensky, R.,
Oberle, E., Thomson, K., Taylor, C., & Harrison, J. (2013). Mindfulness training and
reductions in teacher stress and burnout: Results from two randomized, waitlist-
control field trials. Journal of Educational Psychology, 105(3), 787-804.
https://doi.org/10.1037/a0032093

Russell, T., & Martin, A. K. (2014). Learning to teach science. In S. K. A. Norman G.
Lederman (Ed.), Handbook of Research on Science Education, Volume Il (1st
Edition ed., pp. 18). Routledge. https://doi.org/10.4324/9780203097267

Sagr, M., Fors, U., & Tedre, M. (2018). How the study of online collaborative learning can
guide teachers and predict students’ performance in a medical course. BMC Medical
Education, 18(1), 24. https://doi.org/10.1186/s12909-018-1126-1

Serrat, O. (2017). Social network analysis. In O. Serrat (Ed.), Knowledge solutions: Tools,
methods, and approaches to drive organizational performance (pp. 39-43). Springer
Singapore. https://doi.org/10.1007/978-981-10-0983-9 9


https://doi.org/10.1080/17512786.2013.859840
https://doi.org/10.5334/cstp.108
https://doi.org/10.1016/j.ijer.2007.10.005
https://doi.org/10.1080/24727466.2014.11790339
https://doi.org/10.24331/ijere.628448
https://doi.org/10.1007/s10763-014-9521-5
https://doi.org/10.29333/ejecs/388
https://doi.org/10.1002/jmcd.12035
https://doi.org/10.1037/a0032093
https://doi.org/10.4324/9780203097267
https://doi.org/10.1186/s12909-018-1126-1
https://doi.org/10.1007/978-981-10-0983-9_9

Iy volume 12, No 1, February 2023, pp. 27-40 39

Slavin, R. E. (1988). Cooperative learning and student achievement. In R. E. Slavin (Ed.),
School and classroom organization (pp. 28). Routledge.

Sprecher, S., Treger, S., Wondra, J. D., Hilaire, N., & Wallpe, K. (2013). Taking turns:
Reciprocal self-disclosure promotes liking in initial interactions. Journal of
Experimental Social Psychology, 49(5), 860-866.
https://doi.org/10.1016/j.jesp.2013.03.017

Stigmar, M. (2016). Peer-to-peer teaching in higher education: A critical literature review.
Mentoring & Tutoring: Partnership in  Learning, 24(2), 124-136.
https://doi.org/10.1080/13611267.2016.1178963

Taherdoost, H. (2016). Validity and reliability of the research instrument; how to test the
validation of a questionnaire/survey in a research. International Journal of Academic
Research in Management (JARM), 5(3), 28-36.
https://doi.org/10.2139/ssrn.3205040

Tseng, F.-C., & Kuo, F.-Y. (2014). A study of social participation and knowledge sharing in
the teachers' online professional community of practice. Computers & Education, 72,
37-47. https://doi.org/10.1016/j.compedu.2013.10.005

Van Ryzin, M. J., Roseth, C. J., & Biglan, A. (2020). Mediators of effects of cooperative
learning on prosocial behavior in middle school. International Journal of Applied
Positive Psychology, 5(1), 37-52. https://doi.org/10.1007/s41042-020-00026-8

Wang, A. ., & Tahir, R. (2020). The effect of using Kahoot! for learning — A literature
review. Computers & Education, 149, 103818.
https://doi.org/10.1016/j.compedu.2020.103818

Widodo, S. A. (2017). Development of teaching materials algebraic equation to improve
problem solving. Infinity Journal, 6(1), 59.
https://doi.org/10.22460/infinity.v6i1.p59-68

Widodo, S. A., Dahlan, J. A., Harini, E., & Sulistyowati, F. (2020). Confirmatory factor
analysis sosiomathematics norm among junior high school student. International
Journal of Evaluation and Research in Education, 9(2), 448-455.
https://doi.org/10.11591/ijere.v9i2.20445

Widodo, S. A., & Purnami, A. S. (2018). Mengembangkan norma sosiomatematik dengan
team accelerated instruction [Developing sociomathematics norms with team-
accelerated instruction]. Numerical: Jurnal Matematika dan Pendidikan
Matematika, 2(1), 13-20. https://doi.org/10.25217/numerical.v2i1.238

Widodo, S. A., Purnami, A. S., & Prahmana, R. C. I. (2017). Team accelerated instruction,
initials and problem-solves ability in junior high school. International Journal on
Emerging Mathematics Education, 1(2), 193-204.
https://doi.org/10.12928/ijeme.v1i2.6683

Widodo, S. A., Turmudi, T., & Dahlan, J. A. (2019a). Can sociomathematical norms be
developed With learning media? Journal of Physics: Conference Series, 1315(1),
012005. https://doi.org/10.1088/1742-6596/1315/1/012005

Widodo, S. A., Turmudi, T., & Dahlan, J. A. (2019b). An error students in mathematical
problems solves based on cognitive development. International Journal of Scientific
& Technology Research, 8(07), 433-439.


https://doi.org/10.1016/j.jesp.2013.03.017
https://doi.org/10.1080/13611267.2016.1178963
https://doi.org/10.2139/ssrn.3205040
https://doi.org/10.1016/j.compedu.2013.10.005
https://doi.org/10.1007/s41042-020-00026-8
https://doi.org/10.1016/j.compedu.2020.103818
https://doi.org/10.22460/infinity.v6i1.p59-68
https://doi.org/10.11591/ijere.v9i2.20445
https://doi.org/10.25217/numerical.v2i1.238
https://doi.org/10.12928/ijeme.v1i2.6683
https://doi.org/10.1088/1742-6596/1315/1/012005

40 Widodo et al., The sociograph: Friendship-based group learning ...

Yackel, E., & Cobb, P. (1996). Sociomathematical norms, argumentation, and autonomy in
mathematics. Journal for Research in Mathematics Education, 27(4), 458-477.
https://doi.org/10.5951/jresematheduc.27.4.0458

Yackel, E., Cobb, P., & Wood, T. (1991). Small-group interactions as a source of learning
opportunities in second-grade mathematics. Journal for Research in Mathematics
Education, 22(5), 390-408. https://doi.org/10.5951/jresematheduc.22.5.0390

Yackel, E., & Rasmussen, C. (2002). Beliefs and norms in the mathematics classroom. In G.
C. Leder, E. Pehkonen, & G. Torner (Eds.), Beliefs: A hidden variable in
mathematics education? (pp. 313-330). Springer Netherlands.
https://doi.org/10.1007/0-306-47958-3 18

Zakaria, E., Solfitri, T., Daud, Y., & Abidin, Z. Z. (2013). Effect of cooperative learning on
secondary school students’ mathematics achievement. Creative Education, 4(2), 98-
100. https://doi.org/10.4236/ce.2013.42014


https://doi.org/10.5951/jresematheduc.27.4.0458
https://doi.org/10.5951/jresematheduc.22.5.0390
https://doi.org/10.1007/0-306-47958-3_18
https://doi.org/10.4236/ce.2013.42014

