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Purpose of the study: Analyze various literature studies on the Inquiry Social
Complexity-STEAM model based on Math Trail-Virtual Reality activities with
Javanese cultural nuances in improving students' critical thinking skills.

Methodology: This research method uses a literature review. Researchers look
for data from books, journals, or relevant research articles and include them in
the findings and discussion section to reach a conclusion. This research uses
descriptive qualitative data analysis techniques to study literature by describing
the results of sources obtained either through books, journals, or related research
articles.

Main Findings: The syntax of inquiry social complexity STEAM learning
model based on math trail virtual reality activities with Javanese cultural nuances
can be concluded that each syntax encourages students to find, investigate,
construct, and integrate the knowledge gained to form better critical thinking
skills by accommodating all aspects of students' abilities with different levels to

participate in every aspect and step of learning.

Novelty/Originality of this study: The addition of the STEAM approach,
especially in the Inquiry Social Complexity Learning model, and math trail-
based activities using virtual reality technology that has never been done before
or integrated into a maths classroom.
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1. INTRODUCTION

The 21st-century learning system requires schools to shift from teacher-centred to student-centred
learning to foster critical thinking skills in the era of disruption [1]. In accordance with Law 20 of 2003, students
are required to actively develop themselves according to their potential to be useful in society. However, this
demand may no longer be relevant to the current learning paradigm that emphasizes cognitive understanding. It
is expected that students can learn faster and gain more knowledge through direct experience, resulting in a more
complex understanding of the subject matter.

One essential skill for 21st-century students is critical thinking. For instance, the International Trends in
International Mathematics and Science Study (TIMSS) measured students' critical thinking skills through high-
level cognitive questions. The results indicate that Indonesian students' critical thinking skills are still low.
According to TIMSS data, Indonesian students have consistently ranked towards the bottom of the list in
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international assessments. Specifically, they ranked 35th out of 46 countries in TIMSS 2003, 36th out of 49
countries in TIMSS 2007, 38th out of 42 countries in TIMSS 2011, and 44th out of 49 countries in TIMSS 2015.
[2]. Therefore, it is important to develop critical thinking skills. This is consistent with the idea that teachers
should facilitate students' development of critical thinking skills through a learning process that enhances these
skills, for example, students can demonstrate problem-solving skills by explaining solutions in their own words.
[3]. Critical thinking skills are crucial in education, particularly during the learning process, as they enable
students to gain a deep understanding of complex information. This aligns with the notion that critical thinking
skills enhance students' ability to comprehend complex concepts, identify solutions, draw conclusions, and
generate new ideas when solving mathematical problems [4].

To address the issue of students' critical thinking skills not being adequately met, it is recommended to
implement an innovative learning model. One such model is the inquiry learning model, which allows students
to develop their critical thinking skills by exploring mathematical problems and making their own discoveries.
The inquiry model focuses on the stages of learning to solve a mathematical problem, starting from the
exploration stage, concept introduction, to the concept application stage. This approach aims to develop students'
critical thinking skills through a series of learning activities [5].

The inquiry model is designed for students who are already prepared for the learning process.
Therefore, students with lower abilities may encounter challenges during their learning journey [6].
Shortcomings in inquiry learning can be overcome by integrating other appropriate learning elements. One such
element is social complexity, which allows students to develop affectively by observing the behaviour of others.
The hope is to facilitate the equalisation of students' abilities in the process of implementing learning with
inquiry models. This statement aligns with the idea that social complexity aids in the sharing process among
individuals engaged in collaborative and elaborative activities. This, in turn, fosters the development of
communication skills and cognitive abilities, including critical thinking, through social interactions that occur
during the learning process [7]. In addition, this is also supported by Bergman and Beehner who state that the
social complexity model of inquiry provides opportunities and shapes knowledge and understanding of what is
learned, discovered and achieved in the learning process so that students' critical thinking skills can be properly
developed [8].

The inquiry learning model not only integrates social complexity elements, but also adds STEAM
elements. The inquiry learning model integrates elements of social complexity and STEAM innovations to
enhance students' potential for better mathematical critical thinking. The statement supports the idea that the
development of STEAM learning aims to enhance students' mathematical critical thinking skills and encourage
them to engage in argumentation [9]. This is supported by the statement that STEAM learning is suitable for the
inquiry learning model because it accommodates children's ability to think critically, especially in mathematics.
[10].

Improving critical thinking skills and integrating the appropriate learning model should be accompanied
by a learning process that develops the potential and skills of 21st-century students. The math trail activity is a
mathematical exercise that links real-world contexts to the surrounding learning environment, creating a unique
atmosphere for students to enhance their mathematical knowledge. Learning mathematics through math trail
activities can enhance students' ability to generate creative ideas while solving non-routine mathematical
problems, demonstrating their strong critical thinking skills. This is because math trail activities encourage
students to apply mathematical concepts to real-world problems, fostering creativity, innovation, and critical
thinking [11].

The Math Trails activity should be supported by a learning technology component. Additionally, an
ethnomathematics learning context, specifically with virtual reality technology and Javanese cultural nuances,
should be added. Research supports this approach, as it has been shown that students' critical thinking skills
improve significantly through teaching and learning activities that involve manipulating objects in a virtual
world that is similar to the real world [12]. Other research supports the idea that the use of virtual reality in the
learning process can significantly enhance students' critical thinking skills [13]. Another component that can be
integrated into the process of improving critical thinking skills is ethnomathematics, specifically Javanese
cultural nuances. The integration of Javanese nuances is highly beneficial in improving students' critical thinking
skills. This is supported by the notion that ethnomathematics can assist students in demonstrating effective
mathematical processes and communicating mathematical ideas, thereby enabling students to become critical
and reflective members of society [14]. Based on the background, the researcher tries to examine the theoretical
study of the Inquiry Social Complexity-STEAM model based on Javanese cultural nuanced math trail-virtual
reality activities in improving critical thinking skills.

This study aims to examine the Inquiry Social Complexity-STEAM model by reviewing relevant
literature. Critical thinking is a crucial skill in the 21st century. This skill is closely related to logical and rational
thinking, reflection, and systematic analysis and evaluation of information to make appropriate decisions and
beliefs. Individuals have different ways of thinking and generating new ideas. Socializing in an environment that
encourages critical and innovative thinking can help achieve this.
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The significance of critical thinking skills in students is often underestimated. However, it is important
to note that teachers may not always be able to fully develop these skills during the learning process. Although
the teacher has implemented technology-based learning, the learning process still relies heavily on PowerPoint
presentations and discussions. However, tasks and exercises, which are the final stage of the learning process,
have not been optimally utilized to empower students’ critical thinking skills.

Furthermore, regarding learning with the inquiry model, the teacher has implemented it effectively.
However, there has been no attempt to actively engage students in the process, resulting in limited socialisation
during problem-solving and critical expression of opinions. Therefore, there is a need for an innovative learning
model that emphasises effective communication to accommodate students in an active and effective learning
process. One such model is the Inquiry Social Complexity-STEAM learning model, which is based on Javanese
cultural nuanced math trail-virtual reality activities to improve critical thinking skills.

This innovation is based on several previous research journals that underlie the novelty of this study.
The first research paper is entitled “Hubungan Kemampuan Berpikir Kritis dengan Self Confidence Siswa Kelas
IX Materi Bangun Ruang Sisi Lengkung” [15], which examines the increase in a student's mathematical critical
thinking ability. However, it does not integrate the Inquiry Social Complexity model with the STEAM learning
approach, the use of Math Trails, or the migration of ethnomathematics nuances. The second research paper is
titled “The Effectiveness of Inquiry Social Complexity to Improving Critical and Creative Thinking Skills of
Senior High School Students” [16]. However, this article also has not integrated the Inquiry Social Complexity
(ISC) model with the addition of the STEAM approach in it as a 21st-century learning approach. Furthermore,
the research entitled “Learning Cultural Mathematics (Ethnomathematics) Assisted by the Math City Map
Application to Improve Students' Critical Thinking Ability.” [17], the researcher refers to the journal due to
similarities in research objectives. Specifically, the aim is to investigate the extent to which a student's
mathematical critical thinking ability can be improved by integrating the link between mathematics and culture
(ethnomathematics) through the implementation of math trail activities, such as the use of the Math City Map
application. However, this research also has differences. Specifically, the researcher will provide innovations by
integrating Math Trail-based applications with virtual reality technology.

Based on the three journals obtained and the facts in the field regarding learning mathematics in schools
with inquiry social complexity models, there are similarities. These include examining critical thinking skills
using the same learning model and integrating learning innovations. Researchers will be using the inquiry social
complexity model, but they are adding a novelty by incorporating a STEAM approach. Additionally, math trail-
based activities will be enhanced with virtual reality technology, which has never been done before or integrated
into a mathematics lesson.

2. RESEARCH METHOD

The research methodology used in this study is literature review. Researchers collect data from books,
journals or relevant research articles on the inquiry social complexity-STEAM learning model, math trail, critical
thinking skills, ethnomathematics, various learning theories and development theories on the inquiry social
complexity STEAM model based on math trail virtual reality activities with Javanese cultural nuances in
improving critical thinking skills and attached to the results and discussion section so as to produce a conclusion.
The data sources for this literature review were obtained from previous research articles. The articles were then
filtered to obtain relevant information related to the topic under study. A content analysis process was carried out
to derive accurate discussion results and conclusions. This research employs descriptive qualitative data analysis
techniques to study literature by describing the results of sources obtained from books, journals, or related
research articles.

3. RESULTS AND DICUSSION
3.1. Learning Model Social Complexity Inquiry-STEAM (ISC-STEAM)

The concept of an inquiry model is based on learning theories, including the theory of social
complexity. Ontologically, the model is developed by considering the patterns of interrelationship of learning to
correspond with expectations and reality in learning achievement. A picture of conceptual thinking obtained
from literary studies is presented [16].
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Figure 1. Review literature level of inquiry, level of cognitive, teaching activity and level of social complexity

Figure 1 illustrates that the element of social complexity is weak at all levels of inquiry. Therefore, it is
necessary to incorporate the element of social complexity in the learning process using the Inquiry model. This is
because the social element is crucial in empowering students from low to high levels, both cognitively and in
terms of their skills [18]. The development of social abilities should be driven by learning innovation, as it is not
necessarily consistent with the cognitive abilities and skills of students. One example of such innovation is the
STEAM learning process. STEAM teaching has a unique advantage in the learning process as it facilitates
socialization and discussion with the surrounding environment, leading to the development of cognitive abilities
and the creation of new ideas through information exchange. This aligns with the notion that effective
communication among students, as they exchange information, facilitates their thinking process, leading to the
ability to generate new ideas when solving mathematical problems [19].

The Inquiry Social Complexity (ISC) model is a development of the inquiry model that incorporates
elements of social complexity and is modified to the conceptual ISC. The implementation of social complexities
in learning is expected to enhance various learning capabilities of the 21st century, as outlined in the activity
plan in Figure 2.

Figure 2. Syntax Inquiry Social Complexity (ISC) Learning Model

The Inquiry Social Complexity model has been designed to integrate STEAM elements, modifying the
phase into five steps. These steps apply the elements of science, technology, engineering, art, and mathematics.
The ISC-STEAM model follows a sequence of five steps for learning, based on the results of the inquiry phase
study of social complexity and the modification of the STEAM element. These steps are carried out gradually
through the learning process.
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Table 1. ISC-STEAM Learning Model Step
Step Learning Activity Plan

Observation Team Students engage in a team discussion process to
observe phenomena presented by the teacher
through video or event demonstrations related to
the intersections of science and art. This process
aims to identify problems to investigate and study.

Reconstruction Students in each team create ideas and collect data
from various sources either through journals or
related books through search activities on media
such as, google and so on (technology integration),
both qualitatively and quantitatively (engineering
integration).

Socialization During group discussions, students share ideas and
data with each other. One member stays while the
others search for results from other groups through
sharing presented by another group. The presenting
group then explains their findings to the member's
original group. It is important for each student to
actively participate in the discussion.

Verification Students in the team test and analyze the truth of
the facts of what they find by linking them to the
theoretical foundations they have acquired from
previous stages (integrating science into the
process of knowledge analysis and associating it;
then integrating engineering into a process of
making media presentations of discussion results).

Applied Communication ~ The students in the group present their opinions
either orally or in writing, through media
presentations of the results of their group
discussions. The teacher then provides instructions
to determine the truth, which is correct for learning
and can be applied in everyday life.

3.2. Math Trail

The Math Trail was introduced by Dudley Blane in 1985 by making a travel route in the heart of
Melbourne as a family holiday activity [20]. The original purpose of the math trail was to popularise
mathematics. However, it can now be used to apply maths in real-life situations that are genuinely possible. This
allows for an authentic experience that can be applied to everyday life [21]. Math Trails are important for several
reasons. They add a sense of enjoyment and challenge to studying mathematical topics, provide alternative
assessments in addition to formal written assessments, and present math in a different perspective, which can
stimulate students who have previously struggled with mathematics [22].

The math trail is an outdoor learning activity that follows a pre-determined route. At designated stops,
students solve problems that have been created for them [11]. A person who creates a route is called a trailblazer,
and the person who follows the route is called the trail walker. The activity of following a path is called
trailblazing [20]. The math trail activity can be done anywhere, both indoors and outdoors as long as it gives
students the freedom to explore [23]. The process of learning through a math trail, where the teacher acts as a
trailblazer and the student as a trail walker, need not be limited to remote locations. Math Trails can also be
conducted within the school premises and its surroundings. Therefore, the designed Math Trail makes use of the
surroundings to create engaging and challenging problems to solve [20].

3.3. Virtual Reality

Virtual reality is a multimedia technology that can be an effective tool for teaching abstract concepts
such as vibrations and waves in a concrete way. It creates a three-dimensional, realistic environment that
engages users' senses of vision, hearing, and touch to shape a virtual world. Virtual reality technology is an
interface between humans and machines that simulates natural environments, including visual, auditory, and
movement cues. It accurately depicts reality while also allowing users to experience and interact with virtual
environments [24].

The use of virtual reality and related technology has grown in recent years due to their benefits, which
are not typically acquired through classical education. [25]. Virtual reality has significantly contributed to
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education by providing students with a hands-on experience of engaging in environments or situations that are
difficult to imitate in traditional teaching methods, such as lectures, slideshows, or two-dimensional videos. [26].
In addition, virtual reality can be an effective self-learning tool and allow teachers to monitor and guide students'
learning processes. [27]. Virtual reality also enables students to develop cognitive skills through experiential
learning, such as exposure to dangerous environments that they may encounter in real life.

3.4. Critical Thinking Skill

Critical thinking is the capacity of individuals to engage in activities that enable them to think critically
[28]. Critical thinking ability is a multifaceted concept that encompasses cognitive skills and self-confidence. It
can also be influenced by the teaching methods employed by educators to convey complex concepts to students.
[29]. Mathematical critical thinking refers to an individual's ability to understand a problem by analysing and
generating new ideas that can be developed into a coherent thought process [30]. Therefore, it can be concluded
that mathematical critical thinking ability involves both cognitive and affective abilities, as well as self-
confidence in understanding mathematical problems. This ability is influenced by various teaching methods and
can lead to the production of new and logical ideas for each problem.

Facion outlines several indicators of mathematical critical thinking skills, including interpretation,
analysis, evaluation, inference, explanation, and self-regulation [31]. Then, the indicators of mathematical
critical thinking skills are also stated by [32], namely clarification, assessment, summarisation, and
strategies/tactics. Therefore, this study expresses mathematical critical thinking skills through indicators of
clarification, assessment, strategy, and inference/evaluation.

3.5. Ethnomathematics

According to D'Ambrosio in [33], states that linguistically, the prefix ‘ethno’ refers to the socio-cultural
context, including language, jargon, behavioural codes, myths and symbols. The root word ‘'mathema’ means
explaining, knowing, understanding and performing activities such as coding, measuring, classifying, inferring
and modelling. Finally, 'tics' comes from ‘techne’ and means the same as technique. Ethnomathematics can also
be defined as a global description of the fusion and influence of cultures using mathematics in their applications
or cultures that contain elements of mathematics [34]. In addition, in terms of ethnomathematics, it is defined as
mathematics practiced among identified cultural groups, such as tribal national communities, labor groups,
children of certain age groups, and professional classes or more broadly. From a research point of view,
ethnomathematics is defined as the cultural anthropology of mathematics and mathematics education. [35].
Therefore, it can be concluded that ethnomathematics is a broad term that refers to the use of mathematics within
a socio-cultural context. It includes elements of mathematics practiced among identified cultural groups, such as
tribal and national societies, labor groups, children of certain age groups, and professional classes.

3.6. Learning Theory
Constructivism Learning Theory

Constructivist learning theory is basically a learning approach that provides opportunities for students to
build their own understanding and knowledge [36]. Learning models that are based on constructivism aim to
guide students in constructing their own ideas and discovering knowledge on their own [37].

Constructivist learning theory emphasises that knowledge is not seen as a truth but rather prioritises the
interpretation of knowledge as a working hypothesis [38]. According to constructivist learning theory, students
are encouraged to construct their own knowledge, describing how students can understand the material and put
knowledge into practice [39]. This theory is suitable as the basis for implementing learning with the inquiry
social complexity-STEAM model, based on Javanese cultural nuanced math trail-virtual reality activities, to
improve critical thinking skills.

Learning activities in constructivist learning theory are characterised by active engagement, inquiry,
problem-solving, and collaboration. This is in accordance with the learning process using the inquiry social
complexity-STEAM model, which accommodates learning so that students have a broader insight related to
knowledge. The learning process with the inquiry social complexity-STEAM model, which integrates math trail-
virtual reality activities with Javanese cultural nuances, aligns with the constructivist learning theory. This theory
emphasises the process of elaborating knowledge to form new perspectives. The implementation of the social
complexity-STEAM learning model, based on Javanese cultural nuances, incorporates math trail-virtual reality
activities into various learning activities. This approach is clearly oriented towards constructivist learning theory,
as it involves a process of behaviour change through investigation with Javanese cultural nuanced math trail-
virtual reality activities. This approach accommodates the actual level of development seen in students' problem-
solving abilities, while the potential level of development appears in their ability to complete tasks through
cooperation with peers.
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Therefore, by providing various encouragements and utilizing the processes of problem decomposition
and planning steps for solving, in accordance with the principles of constructivist learning theory, students'
critical thinking skills can develop optimally.

Constructivism Social Learning Theory

Social constructivism is a theory of knowledge in sociology and communication. Knowledge and
understanding of the world co-developed by individuals are assumed to be understandings of meaning developed
in coordination with other human beings. Social constructivism emphasises the importance of culture and
context in understanding what happens in society and building knowledge based on this understanding [40]. This
is in accordance with the application of Javanese culture in the social complexity-STEAM learning model, where
students with various background knowledge and skills relate a mathematical problem through a form of cultural
image that connects the surrounding environment with a correct understanding to help strengthen student
construction.

Furthermore, the application of Javanese culture assumes that the theory and practice of learning are not
developed in a vacuum, but are shaped by the dominant cultural assumptions of the students. It is important to
recognise the influence of culture on learning and teaching. Teachers should view a student's constructivist
process as an initial step in forming their knowledge, taking into account their cultural and social environment.
This will help identify factors that contribute to inequality in students' critical thinking skills, such as linguistic
and socio-cultural differences, discrimination, and the rationale of education itself. [41]. This text describes the
social complexity STEAM learning model that includes Javanese cultural nuances, Math Trails, and virtual
reality activities, which aims to align various instructional components in the classroom, including instructors,
peers, and aspects of the cultural environment, to facilitate the formation of knowledge and the creation of new
ideas by learners.

Learning mathematics with a STEAM learning model that incorporates social complexity and Javanese
cultural nuances, such as math trail-virtual reality activities, requires social elements to construct and find
concepts together, ensuring their applicability in the future. The STEAM learning model, based on Javanese
cultural nuances, incorporates Math Trails and virtual reality activities to promote social constructivism learning
theory. The aim is for students to have learning experiences that integrate environmental and cultural
interactions, in accordance with constructivist theory. [42].

Social Complexity Theory

Social complexity shapes a person's communication and cognitive abilities. The more a person interacts
with others in a learning context, the more their communicative abilities develop. These abilities are the physical
aspects of social relations between individuals, and knowledge developed together with others is more
meaningful [43]. Social Complexity Theory posits that knowledge is socially constructed and structured,
including the learning process. Learning occurs not only within the individual but also through external
influences. Collaborative and interactive social activities are essential for meaningful learning [44].

Social complexity highlights the significant influence of culture and environment. This is very relevant
to the social complexity-STEAM learning model based on Javanese cultural nuanced math trail-virtual reality
activities in improving critical thinking skills which emphasises knowledge is a social product and learning is a
social process and local cultural acculturation interactions so that knowledge gained is based on social processes
that are strongly influenced by interactions with others and acculturation of surrounding cultures [45].

Social complexity can enhance one's ability to communicate effectively with the surrounding
environment. Effective communication is a crucial attribute in the 21st century learning system, particularly in
higher-order thinking processes such as critical thinking skills. By communicating effectively, students can
express their opinions and knowledge to others, both orally and in writing, during the initial process of creating
new ideas and knowledge [46]. This is supported by the statement that effective communication in learning
emphasises reciprocity and collaboration with peers, as well as learning through practical application to gain
knowledge more efficiently [47] and retained in cognitive memory for a longer period compared to self-
generated knowledge [48].

Inquiry Social Complexity-STEAM Model Based on Math Trail-Virtual Reality Activity with Nuances of
Javanese Culture Javanese Culture in Improving Critical Thinking Ability

The social complexity-STEAM learning model inquiry, based on math trail-virtual reality activities
with Javanese cultural nuances, was developed to empower students' mathematical critical thinking skills. The
model divides skills into several aspects, according to [49] these are analysis, inference, interpretation,
explanation, self-regulation, and evaluation.

The analysis aspect is associated with the ability of students to identify a problem, or the intention of
the truth of a fact of knowledge in relation between concept questions, descriptions or forms of questions that are
expected to express beliefs and decisions of experience and reason, and information and opinions. The inference
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aspect involves identifying and selecting elements in the Javanese cultural math trail-virtual reality activity that
are necessary to form a reasoned conclusion or hypothesis during the verification stage. This is achieved by
paying attention to relevant information and minimizing the consequences arising from data, principles,
evidence, judgments, beliefs, opinions, concepts, descriptions, questions, or other forms of representation. The
interpretation aspect is used to understand skills, express meaning, and make statements based on various
experiences, situations, and event data. It also involves making decisions and converting them into procedures or
criteria for problem-solving. This process is based on socialisation and analysing facts to express opinions in
everyday life.

The explanation aspect is applied through the process of pouring knowledge gained based on evidence,
concepts, methodologies, certain criteria in reasonable considerations and the ability to present reasons in the
form of convincing arguments. The next aspect, self-regulation, is related to the awareness of monitoring one's
cognition, the elements used in the thinking process and the results developed, especially in the process of
improving good critical thinking skills, namely the ability to apply, analyse, evaluate and draw conclusions in the
form of questions, confirmation, validation and correction. Therefore, there is a strong relationship between the
aspects of explanation and self-regulation, because there is a process of pouring the knowledge gained into the
steps related to the process of improving critical thinking skills. The next aspect, namely evaluation, this aspect
is an aspect of assessing and expressing opinions related to the credibility of questions or other representations
by assessing or describing a person's perceptions, experiences, situations, decisions, beliefs and assessing the
strength and inferential relationships both in the form of application activities with other knowledge, questions,
descriptions or other forms of representation.

In general, the syntax of the inquiry social complexity STEAM learning model based on math trail
virtual reality activities with Javanese cultural nuances is as follows.

Table 2. ISC-STEAM syntax based on Javanese cultural nuanced math trail-virtual reality activity
ISC-STEAM steps and their relationship with Math Trail
Virtual Reality activities and Javanese culture

Observation Team Students engage in a team discussion process to observe
phenomena provided by the teacher in the form of
videos/demonstrations of events related to aspects of science
and art, to raise problems that are explored and studied through
virtual reality technology-based Math Trail activities.

Reconstruction Students in their respective teams, after going through the
observation activities in the virtual reality technology-based
maths trail activities, generate ideas and collect data from
various sources both through journals or related books through
search activities on media such as Google, virtual reality
technology-based maths trail activities and so on (technology
integration), both qualitatively and quantitatively. Data
collection is done through the preparation of plans based on the
steps of the virtual reality technology-based math trail activities
and the knowledge gained by the students in groups using the
agreed LMS (technology integration).

Socialization Students in small groups express ideas between groups on the
data obtained through virtual reality technology-based math trail
activities and the reconstruction process that has been carried
out from different sources, through this activity there is 1
member who stays then other members play a role in finding the
results of other groups by sharing presented by other groups,
which will then be explained again by the group to their
groupmates about what the member gets from sharing other
groups, each student has an important role to actively participate
in the group discussion process.

Verification Students in the team test and analyse the truth of the facts they
find, linking them to the theoretical basis obtained in the
previous stage (integration of science in the process of
analysing and linking knowledge; then integration of
engineering in the process of media presentation of the results
of the discussion).

Applied Communication Students in groups express their opinions using oral and written
through media presentations of the results of their group

Inquiry Social Complexity Steps
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ISC-STEAM steps and their relationship with Math Trail
Virtual Reality activities and Javanese culture
discussions in turn to then agree on the truth with the direction
of the teacher which is correct in learning and can be applied in

everyday life.

Inquiry Social Complexity Steps

Based on the explanation of the syntax of inquiry social complexity STEAM learning model based on
the activity of math trail virtual reality with Javanese cultural nuances, it can be concluded that each syntax
prioritises students to find, investigate, construct and integrate the knowledge gained to form better critical
thinking skills by considering all aspects of students' abilities with different levels to participate in every aspect
and step of learning. This is supported by the opinion that each of the syntax of inquiry social complexity-
STEAM learning by combining math trail-virtual reality activities with Javanese cultural nuances has an
important role in empowering students' critical thinking skills, this is seen from the learning process that applies
an effective and programmed teaching process [50]. This is supported by other opinions that the implementation
of STEAM in the learning process is very important in the process of improving students' critical thinking skills
and children's creativity [51]. Another supportive view is that students' critical thinking skills can be improved
through the use of Math Trail activities and virtual reality in learning [52]. The incorporation of Javanese culture
into the learning process is also very supportive and effective in improving students' critical thinking skills [53].
Therefore, based on various studies, the Inquiry Social Complexity STEAM learning model based on Math Trail
Virtual Reality activities with Javanese cultural nuances does shape and empower the process of improving
students' critical thinking skills for the better.

4. CONCLUSION

The 21st century learning system necessitates a shift from teacher-centred to student-centred learning to
foster critical thinking processes. However, empirical evidence suggests that students' critical thinking skills
remain deficient. To address the issue of students' lack of critical thinking skills, it is recommended to adopt an
innovative learning model such as the inquiry learning model. This model combines social complexity and
STEAM elements and can be integrated through math trail-virtual reality activities with Javanese cultural
nuances. Each component significantly supports the implementation of learning activities with the social
complexity-STEAM inquiry model. Additionally, the social complexity-STEAM inquiry model, which is based
on the activity of a math trail in virtual reality with Javanese cultural nuances, is highly recommended for
implementation. The model allows for the development of critical thinking skills from various perspectives.
Therefore, this text discusses the inquiry social complexity-STEAM learning model, math trail activities, virtual
reality, ethnomathematics, related learning theories, and the inquiry social complexity-STEAM model based on
math trail-virtual reality activities with Javanese cultural nuances. The aim is to improve students' critical
thinking skills. Furthermore, as critical thinking skills are crucial in the learning process, additional research
could be conducted on developing media or other innovative forms based on the inquiry social complexity-
STEAM model with a Javanese cultural math trail and virtual reality activities. This should prioritize an active
and effective learning process.

ACKNOWLEDGEMENTS

We express our gratitude to Dr Nuriana Rachmani Dewi (Nino Adhi), M.Pd. for her corrections,
reviews, and comments during the preparation of this article. Additionally, we appreciate the help and dedication
of our friend Monica Luishanda Wuryastuti during the article development process.

REFERENCES

[1] S. A. Vong and W. Kaewurai, “Instructional model development to enhance critical thinking and critical thinking
teaching ability of trainee students at regional teaching training center in Takeo province, Cambodia,” Kasetsart
Journal of Social Sciences, vol. 38, no. 1, pp. 88-95, Jan. 2017, doi: 10.1016/j.kjss.2016.05.002.

[2] S. Hadi and Novaliyosi, “TIMSS Indonesia (Trends In International Mathematics And Science Study),” Prosiding
Seminar Nasional & Call For Papers, pp. 562-529, Dec. 2019.

[3] Y. M. Heong, L. C. Sern, T. T. Kiong, and M. M. Binti Mohamad, “The role of higher order thinking skills in green
skill development,” MATEC Web of Conferences, vol. 70, Aug. 2016, doi: 10.1051/matecconf/20167005001.

[4] S. ZivkoviL, “A Model of Critical Thinking as an Important Attribute for Success in the 21st Century,” Procedia Soc
Behav Sci, vol. 232, pp. 102-108, Oct. 2016, doi: 10.1016/j.sbspro.2016.10.034.

[5] X Jia et al., “The influence of teaching methods on creative problem finding,” Think Skills Creat, vol. 24, pp. 86-94,
Jun. 2017, doi: 10.1016/j.tsc.2017.02.006.

[6] C. Yao Kao, “Analogy’s straddling of analytical and creative thinking and relationships to Big Five Factors of
personality,” Think Skills Creat, vol. 19, pp. 26-37, Mar. 2016, doi: 10.1016/j.tsc.2015.08.001.

Literature Review: Inquiry Social Complexity-STEAM Model Based on Math ... (Bayu Murti Suryonegoro)



98

a ISSN: 2716-4160

[7]
(8]
9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]
[21]

[22]
[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

J. Fischer, M. S. Farnworth, H. Sennhenn-Reulen, and K. Hammerschmidt, “Quantifying social complexity,” Anim
Behav, vol. 130, pp. 57-66, Aug. 2017, doi: 10.1016/j.anbehav.2017.06.003.

T. J. Bergman and J. C. Beehner, “Measuring Social Complexity,” Anim Behav, vol. 103, pp. 203-209, May 2015, doi:
10.1016/j.anbehav.2015.02.018.

MasgantiSit, M. Basri, and A. Miftha Dwinamira, “Peningkatan berpikir kritis dan kemampuan matematika awal
dengan pembelajaran steam pada anak usia dini di Raudhatul Athfal (Ra) Tazkia [Improving critical thinking and early
mathematics skills with steam learning in early childhood at Raudhatul Athfal (Ra) Tazkia],” Jurnal Pendidikan dan
Konseling (JPDK), vol. 4, no. 5, pp. 6549-6558, Oct. 2022, doi: https://doi.org/10.31004/jpdk.v4i5.7750.

F. M. Jamil, S. M. Linder, and D. A. Stegelin, “Early childhood teacher beliefs about steam education after a
professional development conference,” Early Child Educ J, vol. 46, no. 4, pp. 409-417, Jul. 2018, doi:
10.1007/s10643-017-0875-5.

A. Barbosa and 1. Vale, “Math Trails: Meaningful Mathematics Outside the Classroom With Pre-Service Teachers,”
Journal of the European Teacher Education Network, vol. 11, pp. 63-72, 2016.

[12] M. Ikhsan, S. Munzir, and L. Fitria, “Kemampuan berpikir kritis dan metakognisi siswa dalam
menyelesaikan masalah matematika melalui pendekatan problem solving [Students' critical thinking and metacognition
skills in solving mathematical problems using a problem solving approach],” Jurnal Pendidikan Matematika FKIP
Univ. Muhammadiyah Metro, vol. 6, no. 2, pp. 234-245, 2017.

Khairunnisa, P. Saadi, and Leny, “limplementasi model problem based learning berbasis stem dengan media virtual
reality terhadap kemampuan berpikir kritis dan self regulation peserta didik [Implementation of a stem-based problem
based learning model with virtual reality media on students' critical thinking and self-regulation abilities],”
QUANTUM:  Jurnal Inovasi Pendidikan  Sains, wvol. 13, no. 1, pp. 96-108, 2022, doi:
http://dx.doi.org/10.20527/quantum.v13i1.12109.

D. C. Orey and M. Rosa, “Developing a mathematical modelling course in a virtual learning environment,” ZDM
Mathematics Education, vol. 50, no. 1-2, pp. 173-185, Apr. 2018, doi: 10.1007/s11858-018-0930-8.

A. Setiawan, R. Rochmad, and N. R. Dewi, “Hubungan kemampuan berpikir kritis dengan self confidence siswa kelas
ix materi bangun ruang sisi lengkung [The relationship between critical thinking skills and self-confidence of class IX
students with curved-sided geometric shapes],” Jurnal Pendidikan dan Kebudayaan Missio, vol. 13, no. 2, pp. 203-
213, Jul. 2021, doi: 10.36928/jpkm.v13i2.825.

S. Sudarwati, R. B. Rudibyani, and R. Perdana, “A conceptual of teaching models inquiry social complexity (ISC),”
Journal of Xi’an University of Architecture & Technology, vol. XII, no. V, pp. 1710-1715, 2020.

I. M. Al Ashari, D. A. Lubis, L. Arianto, and Amidi, “Pembelajaran matematika budaya (ethomatematika) berbantuan
aplikasi math city map untuk meningkatkan kemampuan berpikir kritis peserta didik [Cultural mathematics learning
(ethnomathematics) assisted by the math city map application to improve students' critical thinking skills],” Journal of
Educational Integration and Development, vol. 1, no. 3, p. 2021, 2023.

L. Trif, “Training models of social constructivism. teaching based on developing a scaffold,” Procedia Soc Behav Sci,
vol. 180, pp. 978-983, May 2015, doi: 10.1016/j.sbspro.2015.02.184.

NCREL and Metiri Group, “EnGauge 21st century skills: Literacy in The Digital Age. Carol I” National Defence
University, 2003.

M. Margaret, Shoaf-Grubbs, H. Pollak, and J. Schneider, “Math trails”, Lexington: COMAP, Inc, 2004.

I. Gurjanow, M. Oliveira, J. Zender, P. A. Santos, and M. Ludwig, “Mathematics trails: Shallow and deep
gamification,” International Journal of Serious Games, vol. 6, no. 3, pp. 65-79, Sep. 2019, doi: 10.17083/ijsg.v6i3.306.
H.-W. Chen, “Applying Social Networking and Math Trails to Third Grade Mathematic Class,” International Journal
of Innovation, Management and Technology, vol. 4, no. 3, pp. 361-365, 2013, doi: 10.7763/ijimt.2013.v4.422.

P. V. Moffett, “Outdoor mathematics trails: an evaluation of one training partnership,” Educ 3 13, vol. 39, no. 3, pp.
277-287, Jun. 2011, doi: 10.1080/03004270903508462.

T. Sunarni, D. Budiarto, P. Studi, T. Industri, S. Musi, and P. 30113, “Persepsi efektivitas pengajaran bermedia virtual
reality (vr) [Perception of the effectiveness of virtual reality (vr) teaching,"],” Seminar Nasional Teknologi Informasi &
Komunikasi Terapan 2014 (SEMANTIK 2014), vol. 4, no. 1, pp. 179-184, Nov. 2014, 2023.

M. Fairén, J. Moyés, and E. Insa, “VR4Health: Personalized teaching and learning anatomy using VR,” J Med Syst,
vol. 44, no. 5, May 2020, doi: 10.1007/s10916-020-01550-5.

D. Hamilton, J. McKechnie, E. Edgerton, and C. Wilson, “Immersive virtual reality as a pedagogical tool in education:
a systematic literature review of quantitative learning outcomes and experimental design,” Journal of Computers in
Education, vol. 8, no. 1, pp. 1-32, Mar. 2021, doi: 10.1007/s40692-020-00169-2.

R. Doerner and R. Horst, “Overcoming challenges when teaching hands-on courses about Virtual Reality and
Augmented Reality: Methods, techniques and best practice,” Graphics and Visual Computing, vol. 6, p. 200037, Jun.
2022, doi: 10.1016/j.gvc.2021.200037.

A. Danaryanti and A. T. Lestari, “Analisis kemampuan berpikir kritis dalam matematika mengacu pada watson-glaser
critical thinking appraisal pada siswa kelas viii smp negeri di banjarmasin tengah tahun pelajaran 2016/2017 [Analysis
of critical thinking skills in mathematics referring to the Watson-Glaser critical thinking appraisal in class VIII students
of state junior high schools in Banjarmasin in the middle of the 2016/2017 academic year],” EDU-MAT Jurnal
Pendidikan Matematika, vol. 116, no. 2, pp. 116-115, 2017.

F. Noor and M. G. Ranti, “Hubungan antara kemampuan berpikir kritis dengan kemampuan komunikasi matematis
siswa SMP pada pembelajaran matematika [The relationship between critical thinking skills and mathematical
communication skills of junior high school students in mathematics learning],” Math Didactic: Jurnal Pendidikan
Matematika, vol. 5, no. 1, pp. 75-82, May 2019, doi: 10.33654/math.v5i1.470.

T. Jumaisyaroh, E. E. Napitupulu, and Hasratuddin, “Peningkatan kemampuan berpikir Kkritis matematis dan
kemandirian belajar siswa smp melalui pembeljaran berbasis masalah [Increasing critical mathematical thinking skills

Jor. Eva. Edu, Vol. 5, No. 2, April 2024: 89 - 99



Jor.

Eva. Edu ISSN: 2716-4160 a 99

[31]
[32]
[33]
[34]
(35]
[36]
[37]
[38]
(39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
(48]

[49]
[50]

[51]

[52]

[53]

and learning independence for junior high school students through problem-based learning],” KREANO: Jurnal
Matematika Kreatif-Inovatif, vol. 5, no. 2, pp. 157-169, Dec. 2015, doi: https://doi.org/10.15294/kreano.v5i2.3325.

D. K. Filsaime, “Menguak Kemampuan Berpikir Kritis dan Kreatif[Revealing Critical and Creative Thinking
Abilities]”. Jakarta: Buku Berkualitas Prima, 2008.

C. Perkins and E. Murphy, “Identifying and measuring individual engagement in critical thinking in online discussions:
An exploratory case study,” Educational Technology & Society, vol. 9, no. 1, pp. 298-307, 2006.

I. Rachmawati, “Eksplorasi etnomatematika masyarakat sidoarjo,” Mathedunesa, vol. 1, no. 1, 2012.

A. Wahyuni, A. A. W. Tias, and B. Sani, “Peran etnomatematola dalam membangun karaktek bangsa [The role of
ethnomathematics in building national character],” Prosiding: Makalah Seminar Nasional Matematika dan Pendidikan
Matematika, vol. 1, no. 1, pp. 113-118, Nov. 2013.

Andriyani and E. Kuntarto, “Ethomatematika: Model baru dalam pembelajaran [Ethnomathematics: A new model in
learning],” Jurnal Gantang, vol. Il, no. 2, 2017

R. J. Amineh and H. D. Asl, “Journal of social sciences, literature and languages review of constructivism and social
constructivism,” Journal of Social Sciences, Literature and Languages, vol. 1, no. 1, pp. 9-16, Apr. 2015.

M. M. Barger, T. Perez, D. A. Canelas, and L. Linnenbrink-Garcia, “Constructivism and personal epistemology
development in undergraduate chemistry students,” Learn Individ Differ, vol. 63, pp. 89-101, Apr. 2018, doi:
10.1016/j.1indif.2018.03.006.

D. H. Schunk, “Learning Theories An Education Perspective,” Pearson Education, Inc, 2012.

S. Janjai, “Improvement of the Ability of the Students in an Education Program to Design the Lesson Plans by Using an
Instruction Model based on the Theories of Constructivism and Metacognition,” Procedia Eng, vol. 32, pp. 1163-1168,
2012, doi: 10.1016/j.proeng.2012.02.072.

T. Mogashoa, “Applicability of constructivist theory in qualitative educational research,” Am Int J Contemp Res, vol. 4,
no. 7, Sep. 2014.

K. H. Au, “Social Constructivism and the School Literacy Learning of Students of Diverse Backgrounds,” Journal of
Literacy Research, vol. 30, no. 2, pp. 297-319, Jun. 1998, doi: 10.1080/10862969809548000.

G. Bozkurt, “Social constructivism: Does it succeed in reconciling individual cognition with social teaching and
learning practices in mathematics?,” Journal of Education and Practice, vol. 8, no. 3, pp. 210-218, 2017.

T. J. Bergman and J. C. Bechner, “Measuring social complexity,” Anim Behav, vol. 103, pp. 203-209, May 2015, doi:
10.1016/j.anbehav.2015.02.018.

A. Matei and C. Antonie, “Complexity theory and the development of the social innovation,” Procedia Soc Behav Sci,
vol. 185, pp. 61-66, May 2015, doi: 10.1016/j.sbspro.2015.03.371.

A. Pritchard and J. Woolard, “Psychology for the classroom: The social context,” Routledge, 2013.

Afandi and Sajidan, “Stimulasi keterampilan berpikir tingkat tinggi-konsep dan implementasinya dalam pembelajaran
abad 21, 1st ed [Stimulation of higher order thinking skills-concepts and their implementation in 21st century learning,
1st ed]”. Surakarta: UNS Press, 2017.

J. Lave and E. Wenger, “Situated Learning: Legitimate Peripheral Participation,” The United Kingdom: Cambridge
University Press, 1991.

E. Luzzatto and G. DiMarco, “Collaborative Learning: Methodology, Types of Interactions and Techniques,” Nova
Science Publishers, 2010.

P. A. Facione, “Critical Thinking: What It Is and Why It Counts,” USA: Measured Reasons LLC, 2015.

M. Klement and J. Dostal, “Theory of learning and e-learning,” Mar. 2016, pp. 3206-3212. doi:
10.21125/inted.2016.0175.

R. A. Permata, T. Rafida, and A. S. Sitorus, “pengaruh pembeiajaran steam terhadap kemampuan berpikir kritis dan
kreativitas anak usia 5-6 tahun di RA Fathimaturridha Medan [The influence of Steam learning on critical thinking
abilities and creativity of children aged 5-6 years at RA Fathimaturridha Medan],” Jurnal llmiah Potensia, vol. 8, no. 1,
pp. 170-182, 2023.

C. G. Victory, A. A. Adriantoro, and Marcellinus Andy Rudhito, “Pengembangan math trail menggunakan
mathcitymap berbasis etnomatematika embung tambakboyo untuk meningkatkan kemampuan berpikir kritis siswa
[Development of math trail using mathcitymap based on ethnomathematics embung tambakboyo to improve students'
critical thinking skills],” Jurnal Iimiah Soulmath : Jurnal Edukasi Pendidikan Matematika, vol. 11, no. 2, pp. 141-160,
Nov. 2023, doi: 10.25139/smj.v11i2.6410.

N. Novitasari, R. Febriyanti, and 1. A. Wulandari, “Efektivitas LKS berbasis etnomatematika dengan pendekatan
STEM terhadap kemampuan berpikir kritis [The effectiveness of ethnomathematics-based worksheets with a STEM
approach on critical thinking skills],” Jurnal Pendidikan Matematika Dan Matematika, vol. 4, no. 1, pp. 57-66, 2022.

Literature Review: Inquiry Social Complexity-STEAM Model Based on Math ... (Bayu Murti Suryonegoro)



