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Abstract

Background/purpose. The process of double-loop learning has the
capacity to engender alterations in values, assumptions and strategies.
The alteration of values gives rise to a corresponding shift in
assumptions and strategies. The present article poses and explores two
discrete research inquiries. The present study has been designed to
examine the indirect impact of intrapersonal intelligence, facilities, and
social support on mathematics learning outcomes through
independence. This objective will be realised through a comprehensive
analysis of the simultaneous and partial effects of these factors. The
second objective is to assess the impact of intrapersonal intelligence,
facility completeness and social support on independence, both
concurrently and in part.

Materials/methods. The research presented in this article is
guantitative and correlational in nature. The study population
comprised 324 Class VIII students at State Junior High School 2 in
Kartasura, Sukoharjo, Central Java. A sample size of 180 students was
determined using the Slovin formula, which allowed for a 5% margin of
error. Cluster random sampling by lottery was employed as the
sampling method. Data were collected via questionnaires and
documentation.

Results. The study's findings indicate that intrapersonal intelligence,
facility completeness, social support and independence have a
simultaneous impact on mathematics learning outcomes.

Conclusion. The findings indicate that intrapersonal intelligence,
learning facilities, social support, and independence exert a
considerable influence on mathematics learning outcomes, accounting
for 94.6% of the total effect.
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1. Introduction

It is imperative to instill values that can foster a stimulating and engaging learning environment,
particularly in the field of mathematics. In order to circumvent the pitfalls of monotony and
disengagement in the learning of mathematics, it is imperative that educators themselves are
motivated on a regular basis to enable them to facilitate their students' learning in the most optimal
manner. It is evident that educators have a pivotal role to play in the mitigation of mathematics
anxiety, and that they can foster and nurture students' autonomy (Nurhayati et al., 2022; Sutama et
al., 2019).

The importance of mathematical education cannot be overstated, both in theoretical and
practical terms. The significance of mathematics can be elucidated by the assertion that it is "the key
to opportunity" (Jacinto & Jakobsen, 2020; Bungsu et al., 2019). The attainment of success in the
domain of mathematics is conducive to the pursuit of a distinguished career by a student.
Mathematics provides citizens with the foundation for sound decision-making. Preliminary
observations conducted at State Junior High School 2, Sukoharjo, Central Java, in 2023 revealed that
a considerable number of students had not completed their mathematics curriculum. The findings of
interviews with multiple mathematics teachers at the research location suggest that the predominant
factors influencing students' performance in mathematics are the quality of learning, phobias, and
the student's pensiero learner profile. It is evident that these factors are not conducive to optimal
learning outcomes.

Until 2023, a significant proportion of students continued to regard mathematics as a challenging
subject, which had a detrimental impact on the mathematics learning outcomes achieved by students
at the research site. The causes of these suboptimal mathematics learning outcomes include
deficiencies in intrapersonal intelligence, inadequate learning facilities, and insufficient social
support, as well as a lack of optimal student independence. The underlying causes of these issues
have an impact on students' inability to solve problems that require relatively high-level reasoning,
which in turn affects their mathematics learning outcomes.

In view of the aforementioned considerations, it is imperative that educators prioritise the
implementation of efficacious pedagogical strategies, particularly those that facilitate the
advancement of double-loop mathematical learning. This approach has the potential to foster
autonomy and positively impact the effectiveness of student learning outcomes. In a similar vein, the
enhancement of mathematics education at the junior high school level ought to be congruent with
the tenets of student-centred learning. It is posited that students are subjects who possess the
capacity to proactively seek, process, construct, and utilise knowledge (Patel & Mungla, 2022; Guo et
al., 2019).

The process of double-loop learning has been demonstrated to facilitate alterations in values,
assumptions, and strategies. The alteration of values gives rise to a concomitant shift in assumptions
and strategies. The double-loop process has the potential to challenge existing norms, values and
assumptions. It is essential to explore, question, and refine norms, strategies, and goals for learning
mathematics to promote optimal learning outcomes (Walker, 2020; Peeters & Robinson, 2015).

The quality of mathematics learning is greatly influenced by various factors relating to both
teachers and students. Teachers play a central role in creating a conducive learning environment and
inspiring pupils. From the students' perspective, factors such as intrapersonal intelligence and
independence, as well as external factors such as learning facilities and social support, greatly
influence learning success. These three factors are essential for fostering learning independence,
which is key to improving mathematics learning outcomes.
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Within this framework, learning independence occupies a strategic position as a mediator
between personal and environmental factors and mathematics learning outcomes. In order to
achieve optimal outcomes, therefore, students need to be highly independent, a trait that can be
encouraged through intrapersonal intelligence, access to learning resources, and adequate social
support.

One relevant approach to supporting learning that focuses on strengthening values, critical
reflection, and independence is double-loop learning. This approach focuses not only on achieving
learning objectives, but also on challenging the basic assumptions, values and learning strategies that
have been employed thus far. This makes the learning process more meaningful and contextual,
facilitating reflective and independent thinking among students. Therefore, mathematics learning at
junior high school level should focus not only on outcomes, but also on internalising values and
fostering independence through appropriate learning strategies.

The article puts forward two hypotheses. Firstly, it is evident that intrapersonal intelligence,
learning facilities and social support contribute to mathematics learning outcomes. This contribution
is indirect, occurring through student independence, and in both a simultaneous and partial manner.
Secondly, it is evident that intrapersonal intelligence, learning facilities, and social support contribute
to the development of student independence, both concurrently and in part.

The objective of this article is to present two distinct research questions. The objective of this
study is twofold: firstly, to examine the impact of intrapersonal intelligence, facilities and social
support on mathematics learning outcomes indirectly through independence; and secondly, to
investigate these factors simultaneously and partially. The second objective of this study is to examine
the impact of intrapersonal intelligence, facility completeness, and social support on independence,
both simultaneously and partially.

2. Literature Review

Learning outcomes in mathematics are expected by everyone involved. Learning outcomes are
behavioural changes in a person that can be measured and observed in terms of knowledge,
attitudes, and skills (Swanson et al., 2020; van Hartingsveldt et al., 2017). These changes can be
interpreted as an increase and development towards a superior level of knowledge and
understanding, from a state of ignorance to one of awareness (Sutama et al., 2023; Hamalik, 2008).
he occurrence of high or low student learning outcomes can be attributed to a range of factors
originating from both internal and external sources (Nieminen et al., 2024; Saputra, 2020). Based on
these opinions, this article argues that mathematics learning outcomes support success in mastering
mathematics after gaining experience or completing the learning process within a certain period, as
shown through the scores obtained in the learning outcomes test.

The aspiration towards independence is a common thread that runs through the lives of all those
engaged in the process of learning. The capacity for independent learning is characterised by a
willingness and ability to pursue learning objectives autonomously, without external influence in
terms of determining learning goals, learning methods and learning evaluation. In order to facilitate
the analysis of existing problems, the ability to work both individually and in groups, and the capacity
to express ideas, students must be provided with the necessary resources and support (Loveys &
Butler, 2023; Baum et al., 2017). The capacity for independence is not solely an inherent trait of
students, but can also be shaped by parenting practices and the educational system (Pike et al., 2020;
Bernard, 2018). The indicators of mathematical learning independence in this study are as follows:
(1) the capacity to assume responsibility, (2) the ability to adhere to a code of conduct, (3) the
capacity to work autonomously, (4) the capacity to take the initiative, and (5) the capacity to
demonstrate self-assurance.
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Intrapersonal skills include self-discipline and the ability to deal with and overcome distractions.
Intrapersonal intelligence is the ability possessed by someone who is able to understand themselves
and has the awareness to make changes (Pike et al., 2020). Intrapersonal intelligence is important in
the development of science and equips students to solve challenges (Parker, 2016; Dillman et al.,
2014). The indicators of intrapersonal intelligence in this article are 1) awareness of recognising one's
own feelings, 2) skills to express thoughts, feelings, opinions, and beliefs, 3) high self-assessment, and
4) having an independent attitude.

The availability of suitable learning facilities is an important factor in achieving the desired
learning outcomes. Learning facilities comprise the set of resources required for the effective
functioning and attainment of educational objectives within an academic setting (Wiberg et al., 2024;
Popi, 2010). The completeness of learning facilities has a significant effect on learning outcomes.
Therefore, the provision of complete learning facilities will facilitate improved student learning
(Leshota, 2020). In this article, the term "learning facilities" encompasses both learning facilities and
infrastructure. Facilities are defined as equipment that is in motion and is typically utilised directly,
with examples including paper, pens, books, computers, and others. Infrastructure, on the other
hand, provides support and is typically a non-mobile facility. Examples of infrastructure include school
buildings, study rooms, sports fields, worship rooms, art rooms, and sports equipment (Yan et al.,
2024; Jaaron & Backhouse, 2016).

The success of learning can be aided by social support. Social support can come from friends,
family, teachers and those around them. Emotional support from parents predicts stronger mastery
goals, lower test anxiety and higher academic achievement. Perceived academic support from
teachers can predict students' motivational achievement, while support from friends acts as a
motivational buffer and reduces test anxiety (Yan et al., 2024; Song, 2015). Stress experienced by
students in learning mathematics can be reduced by providing social support to them (Loi et al., 2024;
Ernawati & Rusmawati, 2015). Social support is not only for students who face difficulties in learning
mathematics, but also for those who excel, enabling them to remain consistent in their learning and
improve their achievements (Sutama et al., 2020). The indicators of social support in this article
include attachment/affection, social integration, reliable relationships, appreciation, guidance, and
opportunities to help.

3. Methodology

The overarching objective of the research is to enhance the quality of mathematics education
through the implementation of strategic and quantifiable methodologies. Specifically, the present
article employs a correlational quantitative approach, the objective of which is to test the causal
relationship between several independent variables and dependent variables through mediating
variables. This approach emphasises the process of analysing numerical data using inferential
statistics. Correlational quantitative research is considered relevant due to its ability to explain the
extent to which relationships between variables occur simultaneously or partially (Sutama et al.,
2022; Mahmud, 2010).

This study employs a correlational design, whereby the causal relationship between the
independent variables X1, X2, X3 and the dependent variable Z is investigated indirectly through the
intermediate variable Y. Correlational research entails the collection of data to ascertain whether a
relationship and support exists between two or more variables (Sutama, et al., 2022).

The research was conducted at State Junior High School 2 Kartasura, Sukuharjo, Central Java. The
population consisted of 324 students in class VIII during the odd semester of the 2023/2024 academic
year. The research sample was determined by the Slovin formula (0.05), comprising 180 students.
The sampling technique employed was proportional random sampling by lottery (Sutama, 2023;
Denzin & Lincoln, 2009).
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The research presented in this article employed a combination of questionnaire-based and
documentary data collection techniques. It is evident that all research instruments utilised in the
present article have undergone rigorous testing to ensure their validity and reliability.

The data analysis technigue employs path analysis with structural equation modelling (SEM).
Path analysis is a combination of factor analysis and regression analysis that is used to examine the
relationship between measured variables and latent constructs. This technique enables researchers
to evaluate complex theoretical models and verify the validity of hypotheses regarding the causal
relationship between variables (Henseler et al., 2014; Weston & Gore, 2006). The data have
previously been deemed to meet the requisite criteria. The prerequisite analysis tests include
normality tests, linearity tests, multicollinearity tests, heteroscedasticity tests, and autocorrelation
tests (Kawar et al., 2024; Sutama, 2022). The path analysis in this study encompasses five variables:
intrapersonal intelligence (X1), learning facilities (X2), social support (X3), independence (Y), and
mathematics learning outcomes (Z). The following illustration of the research paradigm is presented

in Figure 1.
X1
X2 Y » Z
? A
 IRE
Figure 1. Research Paradigm
4. Results

Intrapersonal intelligence, learning facilities, social support, and independence were obtained
from filling out a questionnaire, and mathematics learning outcomes were obtained from the final
assessment document of the odd semester of the 2023/2024 academic year. The data for each
research variable is briefly described as follows.

Data on mathematics learning outcomes obtained the highest score of 92.5; the lowest score
was 23; with an average mathematics learning outcome of 62.25 and a standard deviation of 11.612.
The classification of the value of mathematics learning outcomes is as follows: low category, 16.111%;
moderate category, 71.111%; and high category, 12.778%.

Data on learning independence obtained the highest value of 88; the lowest value is 38; with an
average learning independence of 71.122 and a standard deviation of 7.270. The classification of the
value of learning independence in the low category is 15.556%, moderate 67.778%, and high
16.667%..

Intrapersonal intelligence data obtained the highest value of 85, the lowest value of 59, with an
average intrapersonal intelligence of 73.828, and a standard deviation of 5.728. Classification of
independence scores: low (22.222%), medium (58.333%), and high (19.444%).

Learning facility data obtained the highest value of 82, the lowest value of 47, with an average
learning facility of 62.689, and a standard deviation of 7.084. The classification of the value of
independence in the low category is 11.667%, moderate 63.333%, and high 20%.

The social support data obtained the highest value of 95, the lowest value of 30, with an average
social support score of 75.483, and a standard deviation of 8.249. The classification of the value of
independence is categorized as low (14.444%), moderate (71.111%), and high (14.444%).
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The findings, based on data from each of the aforementioned variables, indicate that students
enrolled in Class VIII at State Junior High School 2 Kartasura, Sukuharjo, Central Java, have moderate
values of mathematics learning outcomes, independence, intrapersonal intelligence, learning
facilities, and social support. The classification of data categories for each research variable can be
presented in Figure 2.

150 Diagram of Research Data
)
= 100
v
&
o 50
o
0 -
Low Mid High
_ Category
Learning Outcomes ® Independence
m Intrapersonal Intelligence m Learning Facilities

Figure 2. Classificationof Research Data Categories

The data set has undergone five preliminary tests: a test for normality, a test for linearity, a test
for multicollinearity, a test for heteroscedasticity, and a test for autocorrelation. The results of these
tests indicate that the data set satisfies the requisite criteria. The correlation between variables was
obtained using the product-moment correlation coefficient, based on the data collected from each
variable. The following inter-variable correlations are presented in Table 1 for illustrative purposes.

Table 1. Correlation Matrix

X1 X2 X3 Y Z
X1 1 0,371 0,543 0,554 0,149
X2 1 0,458 0,436 0,180
X3 1 0,585 0,032
Y 1 0,124
VA 1

Based on table 1, the coefficient value (p_ji) can be obtained using the following equation.
0,554 = pyx, + Pyx,- 0,371 + py,.. 0,543
0,436 = pyy, + Pyx,- 0,371 + p,,.. 0,458
0,585 = pyx, + Pyx,- 0,543 + pyy,. 0,458
0,149 = p,y, + Pzx,- 0,371+ p,y,. 0,543 + p,,,. 0,554
0,180 = pyx, + Pyx,- 0,371+ p,y,. 0,458 + p,,. 0,436
0,032 = pyx, + Pzx,- 0,543 + p,y,. 0,458 + p,,,. 0,585
Based on this equation, the path coefficient is obtained (pﬁ): Px,x, = 0,371, Px,x; = 0,543,
Px,x; = 0,458, pzx, = 0,134, pzx, = 0,173, pzx, = —0,159, pzy = 0,067, pyx, = 0,306, pyx, =
0,165, pyx, = 0,343.

The results of the path analysis test can be seen in Figure 3.
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Figure 3. Path Analysis Test Results

First model equation: Z =0,134.X; + 0,173.X, — 0,159.X; + 0,067 .Y + 0,054.¢;. This
means that if intrapersonal intelligence (X;) increases by one unit, it will increase mathematics
learning outcomes (Z) by 0,134. If learning facilities (X,) increase by one unit, it increases
mathematics learning outcomes (Z) by 0,173. If social support (X3) increases by one unit, it decreases
mathematics learning outcomes (Z) by 0,159. If independence (Y) increases by one unit, it increases
mathematics learning outcomes (Z) by 0,0,67, all with the assumption that if other variables that are
not increased are considered constant.

Based on the F test, simultaneously the variables of intrapersonal intelligence (X;), learning
facilities (X,), social support (X3), and independence (Y) have an impact on mathematics learning
outcomes (Z), the value of F.ount = 2,507 < Faple = 2,4233 with a significance level of & = 5%.
This shows that the HO hypothesis is rejected, so that intrapersonal, learning facilities, social support,
and independence simultaneously have a significant impact on mathematics learning outcomes by
94,6 % and the remaining 5,4 % is influenced by other factors that are not studied.

Based on the partial t-test teountZX1 = 1,424 > tygpe = 1,97361 with a significance level of 5%
shows that HO is accepted. This means that partially intrapersonal intelligence does not have a
significant impact on mathematics learning outcomes. Based on a partial t-test, teountZX, = 2,030 >
trable = 1,97361 with a significance level of 5% shows that HO is rejected. This means that partially
learning facilities have a significant impact on mathematics learning outcomes. Based on the partial
t-test with teountZX3 = —1.612 > ttable = —1.97361, with a significance level of 5%, the
null hypothesis (HO) is accepted. This means that partially social support does not have a significant
impact on mathematics learning outcomes. Based on the partial t-test of the independence variable
on mathematics learning outcomes, the value teountYZ = 1,665 < tiaple = 1,9734 indicates that
the significance level is 5%, which suggests that HO is accepted. Berarti secara parsial kemandirian
tidak berdampak signifikan terhadap hasil belajar matematika. This means that partially
independence does not have a significant impact on mathematics learning outcomes.

Based on the path coefficient (pj;), the direct and indirect effects are obtained. Table 2 presents
the direct and indirect effects.

Table 2. Direct and Indirect Effects

Magnitude of Influence

Variable Influence Direct Indirect Ramining
X1toZ 13,4 % - -
- 20,5 % -
XatoZ 17,3 % - -
- 11,1% -
X3toZ -15,9 % - -
- 22,9 %. -
YtoZ 6,7 % - -
X1, Xz, X3, Yto Z 94,6 % - 54 %
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Table 2 shows the present study posits that intrapersonal intelligence exerts a negligible
influence on mathematics learning outcomes, with a contribution of 13.4%. Nevertheless,
intrapersonal intelligence exerts a considerable influence on the phenomenon under consideration,
albeit in an indirect manner, and via a mediating variable known as 'independence'. The magnitude
of this influence is estimated to be 20.5%. Learning facilities directly impact mathematics learning
outcomes by 17.3%, and indirectly, they do not impact mathematics learning outcomes by 11.1%.
Social support does not directly impact mathematics learning outcomes by -15.9% and indirectly
impacts mathematics learning outcomes by 22.9%. Independence does not directly impact
mathematics learning outcomes by 6.7%. The impact of intrapersonal intelligence, learning facilities,
social support, and independence on mathematics learning outcomes is 94.6% and the remaining
5.4% is influenced by other factors not explained in the study. This finding suggests that intrapersonal
intelligence plays a pivotal role in fostering the development of independent learning characteristics,
which in turn positively contributes to academic achievement.

Second model equation: Y =0,306.X; + 0,165.X, + 0,343. X5 + 0,442.¢,. So it can be
interpreted, if intrapersonal intelligence (X;) increases by one unit, it increases independence (Y) by
0,306. If learning facilities (X;) increase by one unit, it increases independence (Y) by 0,165. If social
support (X3) increases by one unit, it increases independence (Y) by 0,343. Assuming all other
variables that are not increased are considered constant.

Based on the F test, simultaneously variable intrapersonal intelligence (X;), learning facilities
(X,), social support (X3), and independence (Y), the value Feount = 46,467 > Fiyp1e = 2.6559, the
value with a significance level @ = 5%. It can be concluded that the HO hypothesis is rejected, so that
intrapersonal intelligence, learning facilities and social support simultaneously have an impact on
learning independence by 55,8% and the remaining 44,2% is influenced by other factors not
examined.

A thorough evaluation of the structural model examined in this study indicates that non-
academic variables such as intrapersonal intelligence, social support, and learning facilities
significantly contribute to independence. This, in turn, mediates improvements in mathematics
learning outcomes. This finding highlights the importance of a holistic approach in developing
effective learning strategies. Relying solely on cognitive intelligence or the availability of
infrastructure is inadequate; it is also necessary to strengthen the affective and socio-emotional
domains of learners. Intrapersonal intelligence, for instance, can be developed through self-
reflection, project-based learning, or training in emotional management and personal goal setting.
Concurrently, educational facilities should not be confined to the provision of physical resources;
rather, they should encompass digital and interactive learning support that enhances student
engagement.

Nevertheless, the model remains open to further refinement through the exploration of
additional variables that were not addressed in this study. A significant proportion of the variance in
mathematics learning outcomes, accounting for 5.4%, and learning independence, accounting for
44.2%, is attributable to external factors. These include intrinsic motivation, learning strategies,
learning styles, teacher characteristics, and classroom climate. It is therefore recommended that
further studies be conducted to test the model with a broader scope and a longitudinal approach, in
order to facilitate a more complete understanding of the dynamics of variable changes over time.
This evaluation also suggests that educational policies and student development programmes should
be directed towards integrating cognitive, affective, and contextual aspects to produce adaptive and
transformative learning approaches in efforts to improve the quality of education sustainably.

Based on the partial t-test (tcountYX1 = 4,500 > tiype = 1,9735) with a significance level of
5%, it shows that HO is rejected. This means that partially intrapersonal intelligence has a significant
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impact on independence (30,6%). Based on the partial t-test teountYX2 = 2,573 > tiape = 1,9735
with a significance level of 5%, HO is rejected. This means that partially learning facilities have a
significant impact on independence (16,5%). Based on the partial t-test (tcountYX3z = 4,833 >
traple = 1,9735) with a significance level of 5%, HO is rejected. This means that partial social
support has a significant impact on independence (34,3%). All of this can be presented in Table 3.

Table 3. Variable Influence X1, Xp, & Xsto Y

Variable Influence Magnitude of Remaining
Influence
XitoY 30,6 % -
XatoY 16,5% -
XstoY 34,3% -
X1, X2, X3to 'Y 55,8% 44,2%

5. Discussion

The data set pertaining to mathematics learning outcomes revealed that the highest recorded
score was 92.5, while the lowest was 23. The mean score was determined to be 62.25, with a standard
deviation of 11.612. The categorisation of mathematics learning outcomes reveals a distribution of
16.111% in the low category, 71.111% in the moderate category, and 12.778% in the high category.
The occurrence of high or low achievement in student learning outcomes can be attributed to a range
of factors originating from both internal and external sources (Kumar et al., 2022; Radmehr et al,,
2021). It is evident that the mathematics learning outcomes of junior high school students can be
enhanced by a combination of factors. These include intrinsic factors, such as the students' own
characteristics and capabilities; extrinsic factors, such as the tools they utilise and the external
environment in which they operate; and, finally, the social support they receive from their peers.

Independence data with the highest value of 88, the lowest value of 38, an average of 71.122,
and a standard deviation of 7.270. Classification of independence, namely the low category 15.556%,
medium 67.778%, and high 16.667%. The concept of independence is not solely an inherent trait of
students, but rather a construct that various external factors can shape. These include parenting
practices and the manner in which students engage with the educational curriculum (Chen et al,,
2024; Sutama et al., 2020). Consequently, student independence can be fostered by both the
individual student and external parties, particularly parents and teachers.

Intrapersonal intelligence data, the highest score is 85, the lowest score is 59, the average is
73.828, and the standard deviation is 5.728. Classification of independence, low category 22.222%,
medium 58.333%, and high 19.444%. Students with high intrapersonal intelligence are capable of
analytical thinking, while students with medium intrapersonal intelligence can achieve applied
thinking, and those with low intrapersonal intelligence can achieve understanding thinking (Janssen,
2024; Sholikhati et al., 2017). It is therefore essential that students' intrapersonal intelligence is given
due consideration and continuously developed by professional teachers with a robust religious
foundation and exemplary discipline.

Data on learning facilities, highest 82, lowest 47, average 62.689, and standard deviation 7.084.
The classification of learning facilities is as follows: low category (11.667%), moderate category
(63.333%), and high category (20%). The completeness of learning facilities has a significant impact
on learning outcomes. Therefore, the provision of complete learning facilities is conducive to
enhanced student learning (Kohtamaki et al, 2020; Arbani et al., 2016). This indicates that it is
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beneficial for parents and educators to provide learning facilities that align with the instructional
materials utilized in the classroom.

Social support data with the highest value of 95, the lowest 30, an average of 75.483, and a
standard deviation of 8.249. The classification of social support is categorized as low (14.444%),
moderate (71.111%), and high (14.444%). Social support from family, friends, institutions, or other
significant individuals is closely associated with academic adjustment. This highlights the significance
of providing students with social support to achieve optimal learning outcomes (Garza et al., 2022;
Cartwright, 2002). Social support is needed by students, so the habituation of collaborative learning
with mutual respect for others needs to be implemented on an ongoing basis.

The data obtained from the research site indicate that the values of mathematics learning
outcomes, independence, intrapersonal intelligence, learning facilities, and social support fall within
the medium category. The hypothesis testing in this study was conducted both simultaneously and
partially following the fulfillment of the requisite prerequisites. It is necessary to conduct prerequisite
tests to determine whether hypothesis testing should be carried out (Dmitrijeva et al., 2021;
Chapman, 2012). The aforementioned prerequisite tests include normality tests, linearity tests,
multicollinearity tests, heteroscedasticity tests, and autocorrelation tests. The five prerequisite tests
have been completed in accordance with the requisite procedures.

Based on the previously described equation, it produces a path coefficient (p;;): px,x, = 0,371,
pX1X3 = 0,543, pX2X3 = 0,4‘58, pZX1 = 0,134, pZXZ = 0,173, pZX3 = _0,159, Pzy = 0,067,
prx, = 0,306, pyx, = 0,165, pyy, = 0,343. Path analysis models the relationship between
observed variables sequentially, with the aim of parsing the direct and indirect relationship models
(Flanagan et al., 2024).

The simultaneous impact of intrapersonal intelligence, learning facilities, social support, and
independence on mathematics learning outcomes is significant (& = 0.05). This result is consistent
with the concept of double-loop learning, which entails a profound transformation of deeply held
perspectives and habits related to work and action. This transformation occurs through a process of
communication and dialogue involving numerous interactions between students A further outcome
of previous research is that the regulation-based online learning approach has the potential to
enhance students’ mathematical learning outcomes, motivation and positive learning behaviours,
including the reading of supplementary materials, repetition of questions and revision of notes
(Hwang et al., 2020; Sudakov et al., 2016). This indicates that both intrapersonal and interpersonal
factors must be managed holistically to ensure optimal learning outcomes.

To some extent, intrapersonal intelligence does not have a significant impact on mathematics
learning outcomes (¢ = 0.05). This finding contrasts with previous research, which suggests a
notable impact of intrapersonal intelligence on mathematics learning outcomes (Shoshani et al,,
2021; Yerizon et al.,, 2018). Intrapersonal students are no different from their interpersonal
counterparts; however, students require learning materials presented in simple language, and
teachers can facilitate students' mastery of the teaching material (Yu & Hsiao, 2024; Yerizfon et al.,
2018). It is therefore crucial that learning commences with the material with which the students are
already conversant. The objective is to enhance students' interpersonal intelligence and,
consequently, to improve learning outcomes.

To some extent, learning facilities have a significant impact on mathematics learning outcomes
(¢ = 0.05). The results of previous research on learning facilities concluded, among other things,
that school facilities partially had a significant effect on student learning achievement (84.3%)
(Rindo'ah & Dheasey, 2018). Other previous research results indicate that mathematics teachers tend
to be interested in incorporating technology into mathematics learning (Sutama et al., 2023; Taleb,
2015). Moreover, it is asserted that the utilisation of technology can enhance students' motivation
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and engagement in mathematical learning, while also facilitating the integration of diverse
pedagogical approaches. This indicates that both conventional and technology-based learning
facilities are necessary for any learning process.

The impact of social support on mathematics learning outcomes is inconclusive (& = 0.05). This
finding contrasts with the results of previous studies, which have shown that social support has a
partial influence on mathematics learning outcomes (66%, 67%) (Sutama et al., 2023; Sarmiati et al.,
2019). In general, the provision of effective social support can facilitate the creation of a positive and
conducive learning environment, which in turn can lead to enhanced mathematics learning
outcomes. It is imperative that students receive integrated support from a variety of sources in order
to optimise their academic potential in mathematics. It can be concluded that this study is subject to
certain limitations, including the fact that the researcher herself developed the data collection
instruments based on the theory used, and that the sample was not fully controlled during data
collection.

The impact of independence on mathematics learning outcomes is, at least in part,
inconsequential (& = 0.05). This result is at odds with the findings of numerous preceding studies,
which indicate that fostering independence in learning can enhance students' academic
performance, particularly in disciplines that necessitate a profound understanding, such as
mathematics. For example, research (Yu et al., 2024; Schunk & Zimmerman, 2011) has demonstrated
that students who demonstrate high levels of learning independence tend to exhibit superior
academic achievement, as they are more proactive in the learning process. Nevertheless, the findings
of the present study suggest that additional factors, such as teaching quality, learning methods and
the provision of support within the learning environment, may exert a more significant influence on
mathematics learning outcomes. This emphasises the necessity of a comprehensive approach to
enhance learning outcomes, wherein learning independence must be reinforced by efficacious
learning strategies and sufficient environmental support.

The findings indicate that intrapersonal intelligence does not have a direct impact on
mathematics learning outcomes, with an estimated effect size of 13.4%. However, there is an indirect
impact, with an estimated effect size of 20.5%. This result is consistent with previous research
(Sutama et al., 2019; Gardner, 1983), which supports the theory of multiple intelligences, which
posits that intrapersonal intelligence affects an individual's capacity to self-regulate and cope with
stress, which in turn influences overall academic achievement. This conclusion also indicates a need
for greater attention to be paid to the development of emotional and intrapersonal intelligence in
educational strategies (Okwuduba, 2021; Parker, 2004). This finding serves to reinforce the
importance of intrapersonal intelligence development within the context of education. While its
direct impact on mathematics learning outcomes is relatively limited, its significant indirect effects
can contribute meaningfully to students' overall academic success.

The quality of learning facilities has a significant impact on mathematics learning outcomes, with
a direct effect of 17.3% and an indirect effect of 11.1%. These findings align with those of previous
research (Johnson et al.,, 2018), which demonstrated that an optimal learning environment,
encompassing physical facilities such as comfortable classrooms and well-equipped learning
resources, can enhance students' motivation and concentration, thereby fostering positive academic
outcomes, including improved performance in mathematics. Conversely, the indirect effects of
learning facilities, such as access to online resources without direct assistance, are less likely to have
a significant impact. The findings of this research support the conclusion that investment in physical
educational facilities is an effective strategy for enhancing student learning outcomes.

The role of social support in enhancing student learning outcomes is a topic of considerable
interest within the academic community. Nevertheless, recent research has demonstrated that social
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support does not exert a significant influence on mathematical learning outcomes, with a negative
effect of -15.9%. This suggests that direct attempts to provide students with social support may not
necessarily improve their mathematical performance. In contrast, social support had a significant
indirect impact of 22.9% on mathematics learning outcomes, indicating that the effects of social
support may occur through other mediators, such as increased motivation or reduced stress. The
findings of a preceding study (Nutti, 2013; Wentzel, 1998), indicated that the provision of support
from peers and educators can enhance students' motivation, which in turn elevates academic
achievement. Furthermore, a study by Wang & Eccles (2012) demonstrated that social support can
mitigate mathematics anxiety, which in turn enhances academic performance. These findings
underscore the necessity of elucidating the mechanisms through which social support operates and
how it can be employed more efficiently to enhance mathematics learning outcomes.

The findings of this study suggest that self-reliance does not have a direct and significant impact
on mathematics learning outcomes, accounting for only 6.7% of the contribution. This suggests that,
while independence is undoubtedly a valuable quality, it is not the sole determining factor in
mathematics learning outcomes. Furthermore, the study demonstrated that the combination of
intrapersonal intelligence, learning facilities, social support and independence contributed 94.6% to
mathematics learning outcomes, while 5.4% was influenced by other factors not explained in this
study. These results are consistent with those of a previous study (Johnson & Johnson, 2017), which
demonstrated that social support and learning facilities exert a considerable influence on student
learning outcomes. Similarly, research (Deci & Ryan, 2016; Zimmerman, 2008) has indicated that
intrapersonal intelligence plays a significant role in motivating students to achieve high academic
performance. Therefore, the findings of this study support the notion that learning outcomes in
mathematics are shaped by a complex interplay of factors, rather than being solely contingent on a
single variable such as independence.

The results of this study, interpreted through the lens of the second model's equation, indicate
that an increase of one unit in intrapersonal intelligence, learning facilities, and social support is
associated with a notable enhancement in individual independence, assuming that other variables
remain constant. This finding is consistent with previous research (Goleman, 1995), which
emphasises the significance of intrapersonal intelligence in self-development and individual
independence. Moreover, research (Zimmerman, 2002; Bandura, 1986) has indicated that social
support is a significant factor in the development of self-efficacy and self-reliance. The findings of this
study demonstrate that enhancing self-reliance in individuals and educational institutions can be
achieved through the prioritisation of intrapersonal intelligence, the provision of adequate learning
facilities, and the offering of robust social support.

The research demonstrates that intrapersonal intelligence, learning facilities and social support
contribute 55.8% to the development of learning independence. The remaining 44.2% is influenced
by other factors not examined in this study. This result is consistent with previous research (Espinoza
& Taut, 2020; Zimmerman, 2002), which highlights the importance of internal factors, such as self-
motivation and self-management skills, in promoting learning independence. Furthermore, research
(Schunk & Pajares, 2009) indicates that social support from the surrounding environment, including
that from family, friends and teachers, is a significant factor in increasing students' learning
independence. The availability of adequate learning facilities (Dabbagh & Kitsantas, 2012) is an
important factor in facilitating the independent learning process. In light of the aforementioned
evidence, the results of this study lend further support to the conclusion that a combination of
internal and external factors is responsible for determining students' learning independence.

The capacity for intrapersonal intelligence, defined as the ability to understand and manage
oneself, has been demonstrated to exert a considerable influence on individual self-reliance. As
demonstrated in previous research, individuals who possess high intrapersonal intelligence have
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been shown to display superior time management skills, more effective goal-setting abilities, and
greater self-motivation in achieving desired outcomes (Mani & Reza, 2016; Goleman, 1995; Gardner,
1983). This suggests that the capacity to engage in introspection and identify one's strengths and
weaknesses can enhance an individual's capacity to act independently in diverse circumstances
(Artega-Checa et al.,, 2023; Cherry, 2020; Brackett et al., 2019). To summarise, the results of this study
corroborate the hypothesis that intrapersonal intelligence is not merely an individual attribute;
instead, it is a pivotal factor in fostering independence and accountability in decision-making and
actions in daily life.

To a certain extent, the quality of learning facilities can influence an individual's sense of
autonomy. The research findings of (Smith et al., 2020; Limon, 2016) indicate that students who have
convenient access to educational resources, such as digital libraries and open study spaces, are better
able to manage their own study time and develop independent problem-solving skills. This finding is
consistent with those of Firdausy (2019) and Jones (2019), who demonstrated that the presence of
well-designed learning facilities can enhance students' confidence in making academic decisions and
facilitate their pursuit of educational objectives.

The role of social support in influencing individual independence has been demonstrated in a
range of contexts. The findings of Lesh (2020) indicate that individuals who receive high levels of
social support tend to demonstrate enhanced capabilities in making their own decisions and
managing life challenges independently. These findings are consistent with those of a longitudinal
study (Koishybekova et al., 2024), which demonstrated that the presence of a robust support network
has a positive impact on an individual's capacity to complete daily tasks without excessive reliance on
external assistance. This study highlights the crucial role of social support in promoting and sustaining
an individual's autonomy. The evidence suggests that positive social connections can reduce
dependency and enhance confidence in dealing with life's challenges.

The findings of this study underscore the direct and indirect influences of personal and
contextual factors on learning outcomes. Intrapersonal intelligence demonstrated an indirect
contribution of 20.5%, while social support exhibited the highest indirect contribution of 22.9%. It is
evident that educational institutions make a significant contribution to the economy, accounting for
17.3% of the direct contribution. However, their indirect contribution is negligible. Although
independence is a concept of significance in various literary sources in the context of this study, it
demonstrates a direct contribution of merely 6.7%, thus indicating that the effectiveness of
independence is contingent on the quality of teaching and the presence of a conducive learning
environment.

Intrapersonal intelligence, learning facilities, social support and independence have been found
to contribute to 94.6% of mathematics learning outcomes. This finding suggests that an educational
approach which incorporates the enhancement of students' personal attributes, in conjunction with
the provision of sufficient environmental support, is likely to exert a substantial positive influence on
students' academic accomplishment. Furthermore, these results emphasise the pivotal role of
teacher professionalism in cultivating intrapersonal intelligence and engendering an optimal learning
environment, both physically and emotionally.

Within the contemporary educational paradigm, this study emphasizes the importance of
integrating cognitive and affective learning methodologies, along with the provision of a conducive
learning environment. Investment in educational facilities, the cultivation of students' emotional
intelligence, and the establishment of a robust social support system are identified as pivotal
foundations for achieving optimal learning outcomes. Consequently, these findings make a
substantial contribution to the development of educational policies, curriculum design, and teaching
strategies that are more inclusive and responsive to the needs of 21st-century learners.
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6. Conclusion

The findings indicate that intrapersonal intelligence, learning facilities, social support, and
independence exert a considerable influence on mathematics learning outcomes, accounting for
94.6% of the total effect. The residual 5.4% is attributable to other factors that fell outside the scope
of this study. To a lesser extent, intrapersonal intelligence does not exert a considerable influence on
mathematics learning outcomes (a@ = 5%). To a certain extent, the availability of learning facilities
has been found to exert a notable influence on students' mathematical learning outcomes, with an
alpha value of (@ = 5%). The influence of social support on mathematics learning outcomes is only
marginally significant (@ = 0.05). Similarly, the impact of independence on these outcomes is only
partially non-significant (¢ = 0.05).

The findings indicate that, with a = 5%, intrapersonal intelligence has a direct impact on
mathematics learning outcomes of 13.4% and an indirect impact on mathematics learning outcomes
of 20.5%. Assuming a = 5%, confidence level, it is evident that learning facilities exert a direct
influence on mathematics learning outcomes, with an estimated impact of 17.3% and an indirect
impact of 11,1 %. With @ = 5%, social support was found to have no direct impact on mathematics
learning outcomes (-15.9%) and indirectly impacted mathematics learning outcomes by 22.9%. With
a = 5%, self reliance does not exert a direct influence on mathematics learning outcomes, with an
estimated impact of 6,7 %.

Intrapersonal intelligence, learning facilities, and social support simultaneously impact learning
independence by 55,8% and the reemaining 44,2% is influenced by other factors not examined,
(a = 5%). Partially with @ = 5% intrapersonal intelligence has a significant impact on independence
(30,6%). Partially with @ = 5% learning facilities have a significant impact on independence (16,5%).
Partially with @ = 5% support has a significant impact on independence (34,3%).

7. Suggestion

Based on the results of this study, it is recommended that educational institutions, particularly
junior high schools, integrate the Double Loop learning model continuously into the mathematics
learning process to foster independence as an integral part of the Pancasila Student Profile. This
approach has proven not only to enhance students' reflective and critical thinking skills but also to
significantly contribute to holistic learning outcomes. Therefore, a transformative, student-centred
learning design is needed to support the achievement of 21st-century competencies through the
cultivation of meaningful learning practices, adaptive formative assessment, and a learning
environment that encourages exploration and personal responsibility in solving mathematical
problems independently.
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