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    ABSTRACT

    The development of digital learning in higher education requires the creation of a learning environment that not only focuses on academic achievement, but also supports students' sense of belonging and psychosocial support. This study aims to test the multidimensional validity and psychometric characteristics of belonging-supportive deep learning environments instruments using Confirmatory Factor Analysis (CFA) and Item Response Theory (IRT). The study used a quantitative approach with a cross-sectional survey design of 412 students from several universities in Indonesia. Data were collected through a Likert scale questionnaire and analyzed using CFA and IRT. The results of the study show that the multidimensional model has good construct validity and reliability. IRT analysis also showed that most items had high discriminating power and were able to accurately measure variations in sense of belonging and learning support. This research contributes to the development of psychometric instruments for higher education and supports the design of a more inclusive and supportive digital learning environment.
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INTRODUCTION


The
development of digital transformation in higher education has shifted the
learning paradigm from a conventional approach to a more flexible, collaborative,
and technology-based learning environment. Universities are no longer only
required to produce high academic achievements, but also create a learning
environment that supports emotional involvement, a sense of belonging, and
students' social support in the deep learning process. This condition has
become even more important after the increased use of online and hybrid
learning post-pandemic which has raised new challenges related to student
engagement, social isolation, and low academic interaction. Recent research
shows that students who have a sense of belonging to the learning environment
tend to have higher motivation, academic resilience, and learning involvement
than students who feel isolated in the learning process.


Globally, the
issue of belonging-supportive learning environment is a major concern in the
development of modern higher education. Research by Yi et al. (2024) shows that
belonging, academic self-efficacy, and learning resilience have a significant
influence on student engagement in distance learning. In addition, research by
White et al. (2025) found that learning experiences that support social
connections are able to increase first-year college student retention. This
phenomenon shows that the success of digital learning is not only determined by
technology, but also by the quality of the psychosocial environment that
supports students emotionally and academically.


From a
theoretical perspective, the concept of belonging-supportive deep learning
environments is rooted in Self-Determination Theory which emphasizes the
importance of fulfilling basic psychological needs in the form of autonomy,
competence, and social connectedness in increasing students' intrinsic
motivation. A learning environment that supports a sense of belonging can help
students feel accepted, valued, and actively involved in the learning process.
Research by Patall et al. (2024) confirms that learning practices that support
social relations, collaboration, and academic community have a positive effect
on student learning engagement. Thus, the development of a supportive learning
environment is an important part of improving the quality of digital-based
higher education.


Although
research on sense of belonging and learning engagement has progressed rapidly, there
are still limitations in the development of measurement instruments capable of
validating these constructs in a multidimensional manner. Most previous studies
have only used classic statistical approaches such as Exploratory Factor
Analysis (EFA) or Cronbach Alpha reliability without testing the
characteristics of the item in depth. Dias-Broens' (2026) research shows that
the construct of sense of belonging in higher education is multidimensional and
requires a more complex validation approach to obtain accurate and stable
instruments across contexts.


In addition,
previous research has focused more on the relationship between social support
and student engagement without comprehensively evaluating the psychometric
quality of the instruments used. The research of Prananto et al. (2025)
highlights the importance of lecturer support in increasing online student
learning engagement, but has not integrated the Confirmatory Factor Analysis
(CFA) and Item Response Theory (IRT) approaches in the instrument validation
process. In fact, the combination of CFA and IRT is able to produce more
accurate measurements because it not only tests the suitability of theoretical
constructs, but also evaluates the discriminating power and difficulty level of
each instrument item.


Another
research gap lies in the limited multidimensional validation studies of
supportive learning environments in the context of higher education in
developing countries, especially Indonesia. Most of the previous studies were
conducted in the context of Western education with different cultural
characteristics, educational systems, and learning experiences. In fact, the
learning environment in Indonesia has its own challenges such as the digital
divide, hybrid learning adaptation, and differences in academic support between
institutions. Therefore, a valid and reliable instrument is needed to measure
belonging-supportive deep learning environments in accordance with the
characteristics of students in Indonesian higher education.


Based on
these problems, this study aims to test the multidimensional validity and
psychometric characteristics of belonging-supportive deep learning environments
instruments in the context of higher education using the Confirmatory Factor
Analysis (CFA) and Item Response Theory (IRT) approaches. This study seeks to
identify the construct structure of the supportive learning environment
empirically while evaluating the quality of the item based on the ability to
discriminate and the difficulty level of the item. Thus, this research is
expected to be able to produce valid, reliable, and relevant measurement
instruments for use in digital-based higher education research and evaluation.


This research
makes a theoretical and practical contribution to the development of higher
education science. Theoretically, this study strengthens the development of
educational psychometric studies through the integration of CFA and IRT in the
validation of multidimensional learning environment constructs. Practically,
the results of the research can be the basis for universities to design digital
learning policies and strategies that are more inclusive, supportive, and
oriented towards student involvement. In addition, the resulting instruments
can be used by educational institutions to evaluate the quality of the learning
environment and improve the academic experience of students more
comprehensively.


 


LITERATURE
REVIEW


Belonging-Supportive
Learning Environment in Higher Education


The concept of belonging-supportive learning environment develops
from the theory of basic psychological needs that emphasizes the importance of
feeling accepted, appreciated, and supported in an academic environment. In
higher education, the sense of belonging is understood as the perception of
students that they are an important part of the academic community so that they
are able to actively participate in the learning process. A
belonging-supportive learning environment has been shown to increase academic
engagement, intrinsic motivation, psychological well-being, and student
retention in college. Recent research shows that students who feel socially and
emotionally supported have higher levels of academic satisfaction and learning
performance than students who experience academic alienation.


Theoretically, the concept of belonging-supportive learning
environment is closely related to the Self-Determination Theory developed by
Ryan and Deci. This theory places the need for relatability as one of the main
factors that affect student motivation and learning engagement. In the context
of modern higher education, a learning environment that supports belonging
includes positive relationships between lecturers and students, psychological
safety, supportive feedback, collaborative learning, and an inclusive academic
climate. Xiong et al. (2025) explained that a supportive lecturer's teaching
style is able to create a sense of security and belonging so that students are
more actively involved in learning.


The change in the educational paradigm after the pandemic also
strengthens the urgency of developing a learning environment that supports
belonging. Digital transformation and the increasing use of hybrid learning
have caused significant changes in students' social interaction. In these
conditions, students need stronger emotional and social support to remain
attached to the academic community. Recent research shows that a university
environment that supports autonomy, constructive feedback, and emotional support
contributes positively to student engagement and wellbeing. Therefore, the
development of multidimensional instruments to measure belonging-supportive
deep learning environments is very important in contemporary higher education
research.


 


Deep
Learning Environment in Higher Education


The concept of deep learning in education refers to a learning
process that emphasizes deep conceptual understanding, critical thinking
skills, reflection, and knowledge transfer to new situations. This approach is
different from surface learning which is only oriented towards memorizing and
reproducing information. In higher education in the 21st century, deep learning
is one of the important competencies because students are required to be able
to think analytically, creatively, collaboratively, and adaptively to
technological developments and rapid social changes.


Shen and Chang's (2022) research developed the Deeper Learning
Self-Assessment Scale (DLSS) which consists of three main dimensions, namely
higher-order cognitive learning, interactive learning, and reflective learning.
The results of the study show that deep learning can develop optimally in a
blended learning environment that supports active student involvement and
effective use of educational technology. In addition, recent research confirms
that the successful implementation of deep learning depends not only on
technology, but also on the quality of pedagogy, academic culture, and
emotional support in the learning environment.


In the context of higher education, the deep learning environment
is also related to student-centered learning and constructivistic pedagogy.
Students are encouraged to build knowledge through discussion, collaboration,
reflection, and contextual problem-solving. This approach allows students to
develop metacognitive abilities as well as more complex 21st-century skills.
Research by Fitrah et al. (2025) shows that the implementation of deep learning
pedagogy requires a learning environment that supports inquiry, collaboration,
and reflective practice so that students can achieve more meaningful learning.


In addition, the integration of digital technology and Artificial
Intelligence (AI) in modern learning has caused the deep learning environment
to become increasingly multidimensional. The use of adaptive learning systems,
online collaboration tools, and AI-assisted learning allows learning to be more
personalized and flexible. However, some studies emphasize that digital
transformation without the support of belonging and social interaction can
increase the risk of student disengagement. Therefore, research on
belonging-supportive deep learning environments is relevant to ensure that
digital learning transformation remains oriented towards human learning
experiences.


 


Sense
of Belonging and Student Academic Outcomes


Various studies show that the sense of belonging has a significant
relationship with student academic engagement, persistence, achievement, and
wellbeing. Students who feel accepted and valued in an academic environment
tend to have higher motivation to learn, lower levels of academic stress, and
more active involvement in learning activities. Recent research confirms that
teacher support, peer interaction, and supportive academic climate are the main
factors in the formation of student belonging in universities.


Sense of belonging is also closely related to psychological safety
in the learning process. When students feel safe to express their opinions, ask
questions, and conduct academic exploration, they are better able to develop critical
and reflective thinking skills. Xiong et al. (2025) explained that a supportive
learning environment can increase learning engagement because students feel
they have an emotional connection with lecturers and the academic community. In
the context of deep learning, psychological safety is an important element that
allows students to actively participate in collaborative learning and
inquiry-based learning.


In addition to having an impact on academic performance, belonging
also has a significant influence on students' mental health. Students with low
belonging are more prone to experiencing academic burnout, loneliness, and
academic anxiety. On the other hand, a supportive learning environment is able
to increase the resilience and emotional wellbeing of students during the
higher education process. The findings show that belonging is not only a social
factor, but also an important component in the success of deep learning in
higher education.


 


Confirmatory
Factor Analysis (CFA) in Educational Instrument Validation


Confirmatory Factor Analysis (CFA) is a statistical method used to
test the suitability of a theoretical model with empirical data. In educational
and psychological research, CFA is widely used to evaluate the validity of
constructs of multidimensional instruments. This approach allows researchers to
test the relationship between indicators and latent constructs that have been
determined based on previous theories. In belonging-supportive deep learning
environments research, CFA is important because the constructed measured
consists of several complex and interrelated psychological dimensions.


The use of CFA in the validation of educational instruments has
increased significantly in recent years due to its ability to evaluate factor
loading, convergent validity, discriminant validity, and goodness of fit
simultaneously. Oktavia (2025) explained that the validation of the BSDLE
instrument requires testing the multidimensional structure so that each
indicator truly represents the belonging-supportive construct of the deep
learning environment accurately. In addition, Shen and Chang (2022) also used
CFA to test the validity of the deeper learning self-assessment scale construct
and found that the multidimensional model provided good fit index results.


In modern higher education research, CFA is also used to test
measurement invariance between groups of students so that the instrument can be
used more universally. This approach is important because the experience of
belonging and deep learning can be influenced by differences in gender,
discipline, academic culture, and learning models. Therefore, the use of CFA in
this study aims to ensure that belonging-supportive deep learning environments
instruments have strong and stable construct validity in various higher
education contexts.


 


Item
Response Theory (IRT) in Multidimensional Educational Assessment


In addition to CFA, Item Response Theory (IRT) is a modern
psychometric approach that is increasingly used in the validation of
educational instruments. In contrast to classical test theory, IRT analyzes the
characteristics of each item based on the level of difficulty, discriminatory,
and probability of respondents' response to a particular latent ability. This
approach allows researchers to obtain more detailed information about the
quality of items and the accuracy of measurements of multidimensional
instruments.


In the context of belonging-supportive deep learning environments,
the use of IRT is particularly relevant because the constructs measured are
complex and multidimensional. IRT analysis allows the identification of items
that are too easy, too difficult, or less sensitive in distinguishing students'
latent abilities. In addition, IRT is also able to detect potential item bias
against certain groups so that the quality of the instrument can be improved
more objectively. This approach is becoming increasingly important in the
development of educational instruments based on adaptive assessment and
personalized learning.


Recent research shows that the integration of CFA and IRT results
in more comprehensive instrument validation than the use of either method
alone. The CFA functions to test the structure of factors and relationships
between constructs, while IRT evaluates the quality of each item individually.
Thus, the combination of these two approaches allows the development of
belonging-supportive deep learning environments instruments that have high
validity, reliability, and measurement accuracy for the context of modern
higher education.


 


 


 


Research
Hypotheses


Based on the Self-Determination Theory, the concept of sense of
belonging, and previous research on the deep learning environment, this study
formulates several hypotheses as follows:


H1       :
The Belonging-Supportive Deep Learning Environments instrument has good
multidimensional construct validity in the context of higher education.


H1a     :
A multidimensional belonging-supportive deep learning environments model shows
a goodness of fit that meets the CFA criteria.


H1b     :
All indicators have a loading factor value of ≥ 0.50 to the latent
construct measured.


H1c     :
The instrument has adequate convergent and discriminant validity.


H2       :
The items in the instrument have good psychometric characteristics based on IRT
analysis.


H2a     :
Items have a high discriminating power in measuring students' latent abilities.


H2b     :
Items have varying levels of difficulty and are appropriate for measuring
belonging-supportive deep learning environments.


H2c     :
The instrument shows high measurement reliability based on IRT analysis.


 


Conseptual Framework


Based on the
theory of Self-Determination Theory, the concept  of sense of belonging,
and the deep learning environment approach  in higher education, this
study develops a contextual framework to explain the relationship
between the validity of the multidimensional construct  of the
Belonging-Supportive Deep Learning Environments (BSDLE) instrument  and the
psychometric quality of the items tested using Confirmatory Factor Analysis
(CFA) and Item Response Theory (IRT). This framework shows that
construct validity, factor loading, convergent and discriminant validity, and
item characteristics such as discriminating power, difficulty level, and
measurement reliability contribute to producing a valid, reliable, and usable
BSDLE instrument in the context of higher education.


 








  
    [image: ]
    
  



Figure 1.
Conceptual Framework


 


METHODOLOGY


Research Design


This study
uses a quantitative approach with a cross-sectional survey design to test the
validity of the multidimensional Belonging-Supportive Deep Learning
Environments (BSDLE) instrument using Confirmatory Factor Analysis (CFA) and
Item Response Theory (IRT). This approach was chosen because it is able to test
the validity of the constructs, reliability, and psychometric characteristics
of the item empirically in the context of digital higher education.


 


Population and Sample


The research
population consists of active students from several universities in Indonesia
that implement digital and hybrid learning. The sampling technique used
stratified random sampling with a total of 412 students. This amount is
considered adequate for multidimensional CFA and IRT analysis because it is
able to produce stable and accurate parameter estimates (Kyriazos, 2021).


 


Instrument and Data
Collection


Data were
collected using a five-point Likert scale questionnaire developed based on the
Self-Determination Theory, the concept of sense of belonging, and deep learning
environment indicators from previous research (Allen et al., 2021; Shen &
Chang, 2022). The instruments include the dimensions of psychological safety,
supportive teacher interaction, collaborative learning, academic belonging, and
reflective deep learning engagement. The validity of the content was tested
through expert judgment and the initial reliability was tested through pilot
testing.


 


Research Procedure


The research
starts from literature studies, instrument development, expert validation, and
initial trials. After the instrument was declared eligible, the questionnaire
was distributed online using Google Forms. The data collected then goes through
the process of data cleaning, normality checks, and main analysis using CFA and
IRT.


 


Data Analysis
Technique


CFA
analysis was used to test goodness of fit, factor loading, convergent validity,
and discriminant validity. Furthermore, the IRT analysis of the graded response
model was used to evaluate the item discriminate power, difficulty level, and
reliability of the measurement. The analysis was performed using IBM SPSS 27,
AMOS 24, and IRTPRO (Embretson & Reise, 2023).


 


RESEARCH
RESULT


Results
of Confirmatory Factor Analysis (CFA)


The
results of the Confirmatory Factor Analysis (CFA) showed that the
multidimensional Belonging-Supportive Deep Learning Environments (BSDLE)
model had a good level of model suitability (goodness of fit). The model
index values show CFI = 0.947, TLI = 0.939, RMSEA = 0.049, and SRMR = 0.046
thus meeting the CFA model eligibility criteria. These findings show that the
structure of the BSDLE multidimensional construct is in accordance with
empirical data of higher education students in Indonesia. These results also
support the H1 and H1a hypotheses which state that the BSDLE instrument has
good multidimensional construct validity and the model meets the goodness of fit
criteria.


 


Table 1. Goodness of Fit Model of
BSDLE Construct





 
  	
  CFA
  Indicators

  
  	
  Result

  
  	
  Criteria

  
  	
  Interpretation

  
 

 
  	
  CFI

  
  	
  0.947

  
  	
  >
  0.90

  
  	
  Good
  Fit

  
 

 
  	
  TLI

  
  	
  0.939

  
  	
  >
  0.90

  
  	
  Good
  Fit

  
 

 
  	
  RMSEA

  
  	
  0.049

  
  	
  <
  0.08

  
  	
  Good
  Fit

  
 

 
  	
  SRMR

  
  	
  0.046

  
  	
  <
  0.08

  
  	
  Good
  Fit

  
 







 


In
addition, all indicators in the five main dimensions, namely psychological
safety, supportive teacher interaction, collaborative learning,
academic belonging, and reflective deep learning engagement, have
a loading factor value above 0.50. The highest loading factor value was found
in the supportive teacher interaction dimension  of 0.87, while the
lowest value of 0.61 was found in the academic belonging dimension.
These results show that the whole item is able to represent the latent
construct significantly so that the H1b hypothesis is accepted.


Table 2. Factor Loading of BSDLE
Dimensions



 
  	
  Dimension

  
  	
  Lowest Loading

  
  	
  Highest Loading

  
  	
  Conclusion

  
 

 
  	
  Psychological Safety

  
  	
  0.68

  
  	
  0.84

  
  	
  Valid

  
 

 
  	
  Supportive Teacher Interaction

  
  	
  0.72

  
  	
  0.87

  
  	
  Valid

  
 

 
  	
  Collaborative Learning

  
  	
  0.65

  
  	
  0.82

  
  	
  Valid

  
 

 
  	
  Academic Belonging

  
  	
  0.61

  
  	
  0.79

  
  	
  Valid

  
 

 
  	
  Reflective Deep Learning
  Engagement

  
  	
  0.67

  
  	
  0.85

  
  	
  Valid

  
 




 


The
convergent validity results showed that the entire construct had  an Average
Variance Extracted (AVE) value above 0.50 and a Composite Reliability
(CR) value above 0.70. In addition, the discriminant validity shows that the
square root of AVE is higher than the correlation between constructs. These
findings indicate that the instrument has good convergent and discriminant
validity so that the H1c hypothesis is accepted.


Table 3. Convergent Validity and
Construct Reliability





 
  	
  Construct

  
  	
  AND

  
  	
  R

  
  	
  Conclusion

  
 

 
  	
  Psychological Safety

  
  	
  0.64

  
  	
  0.88

  
  	
  Valid

  
 

 
  	
  Supportive Teacher Interaction

  
  	
  0.71

  
  	
  0.91

  
  	
  Valid

  
 

 
  	
  Collaborative Learning

  
  	
  0.62

  
  	
  0.87

  
  	
  Valid

  
 

 
  	
  Academic Belonging

  
  	
  0.58

  
  	
  0.84

  
  	
  Valid

  
 

 
  	
  Reflective Deep Learning
  Engagement

  
  	
  0.66

  
  	
  0.89

  
  	
  Valid

  
 







Results
of Item Response Theory (IRT)


 Item
Response Theory (IRT) analysis using the graded response model
showed that most items had high discriminating power in measuring students'
latent abilities related to a supportive learning environment. The value of the
discrimination parameter of item (a) ranges from 1.12 to 2.84. These findings
show that the item is able to effectively distinguish students with low and
high levels of belonging-supportive deep learning. Thus, the H2 and H2a
hypotheses are accepted.


In
addition, the difficulty parameter of item (b) shows a distribution that varies
across each response category with a value range of -2.11 to 2.37. Most items
are on medium to high difficulty and no items are found to be too easy or too
difficult in an extreme way. These results show that the item is able to
accurately measure the variation in student perception so that the H2b
hypothesis is accepted.


Table 4. Item Response Theory
(IRT) Parameters





 
  	
  IRT Parameters

  
  	
  Minimum

  
  	
  Maximum

  
  	
  Interpretation

  
 

 
  	
  Discrimination (a)

  
  	
  1.12

  
  	
  2.84

  
  	
  High

  
 

 
  	
  Difficulty (b)

  
  	
  -2.11

  
  	
  2.37

  
  	
  Moderate–High

  
 

 
  	
  Reliability

  
  	
  0.91

  
  	
  -

  
  	
  Excellent

  
 







The
measurement reliability results showed a value of 0.91 which was included in 
the excellent reliability category. In addition, the item information
function shows that the instrument provides the highest level of information to
students with medium to high latent abilities. These findings indicate that the
BSDLE instrument is sensitive enough to identify students with different levels
of involvement, belonging, and learning support so that the H2c hypothesis is
accepted.


 


Multidimensional
Structure of BSDLE


The
results of the study show that  the Belonging-Supportive Deep Learning
Environments construct  is multidimensional and consists of five main
interrelated dimensions, namely psychological safety, supportive
teacher interaction, collaborative learning, academic belonging,
and reflective deep learning engagement. The dimensions  of
psychological safety and supportive teacher interaction showed the
strongest contribution to the formation of the BSDLE construct compared to
other dimensions. Meanwhile,  the reflective dimension of deep learning
engagement shows a significant relationship with student involvement in
digital-based learning.


These
findings show that the success of the digital learning environment is not only
influenced by technology, but also by the quality of social interactions,
emotional support, and students' sense of belonging to the academic community.
The multidimensional structure of the BSDLE found in this study showed a higher
construct complexity than previous studies that tended to use unidimensional
models.


 


 


 


Comparison
with Previous Studies


The
results of this study show a difference with some previous studies that only
used classic statistical approaches such as Exploratory Factor Analysis
(EFA) and Cronbach Alpha reliability. In this study, the integration of CFA and
IRT resulted in a more comprehensive psychometric evaluation because it was
able to test the structure of factors as well as the quality of items
individually. These findings reinforce the research of Dias-Broens (2026) who
stated that the construct of belonging in higher education is multidimensional
and requires a more complex validation approach.


In
addition, this study found that  the supportive teacher interaction
dimension  has a more dominant contribution than collaborative learning,
in contrast to the research of Shen and Chang (2022) which places collaborative
learning as the main factor in the deep learning environment. This
difference is allegedly influenced by the context of Indonesian higher
education which still places lecturers as the center of academic and emotional
support in digital learning.


 


DISCUSSION


The results
of the study show that the Belonging-Supportive Deep Learning Environments
(BSDLE) instrument has a valid and reliable multidimensional structure in the
context of higher education. This is evidenced by the results of the CFA which
showed the values of CFI = 0.947, TLI = 0.939, RMSEA = 0.049, and SRMR = 0.046,
so that the model meets the criteria of goodness of fit. All indicators also
have a loading factor above 0.50, with the highest score in the supportive
teacher interaction dimension of 0.87 and the lowest value in the academic
belonging dimension of 0.61. These findings show that the BSDLE construct
cannot be understood as a single dimension, but as a construct consisting of
psychological safety, supportive teacher interaction, collaborative learning,
academic belonging, and reflective deep learning engagement. These results
support the hypotheses of H1, H1a, H1b, and H1c which states that the BSDLE
instrument has sufficient multidimensional construct validity, model
suitability, factor loading, and convergent and discriminant validity.


Theoretically,
these findings are in line with Self-Determination Theory which emphasizes that
basic psychological needs in the form of social connectedness, competence, and
autonomy play an important role in increasing student motivation and learning
engagement. Recent studies have also shown that the fulfillment of basic
psychological needs in higher education is positively correlated with
motivation, well-being, student engagement, and academic achievement. In the
context of this study, the high contribution of psychological safety and
supportive teacher interaction shows that students need a safe, responsive, and
supportive academic environment to be able to engage in deep learning. These
findings are also consistent with the study of Prananto et al. (2025) which
emphasizes that lecturer support plays an important role in improving academic
performance, motivation, retention, and student engagement in higher education.


The IRT
results showed that the items in the BSDLE instrument had good psychometric
characteristics. The item discrimination value is in the range of 1.12 to 2.84,
the difficulty level of the item is in the range of -2.11 to 2.37, and the
reliability of the measurement reaches 0.91. These results show that most items
are able to effectively distinguish students with low and high levels of
belonging-supportive deep learning. Thus, the H2, H2a, H2b, and H2c hypotheses
are accepted because the instruments are proven to have high discriminating
power, proportional difficulty levels, and excellent measurement reliability.
Methodologically, these findings show that the integration of CFA and IRT
provides a more in-depth evaluation of the instrument than the classical
approach that relies only on the EFA or Cronbach Alpha.


The important
significance of these findings is that the measurement of the digital learning
environment in higher education needs to pay attention to psychosocial aspects,
not just technological aspects or academic achievements. The BSDLE instrument
is able to capture the variety of students' experiences in feeling accepted,
supported, psychologically safe, and engaged in the reflective learning
process. This is in line with the research of Dias-Broens et al. (2024) which
affirms that the sense of belonging in higher education has diverse definitions
and measurements, so it requires a multidimensional approach so as not to
simplify the student experience. These findings also support the study of Shen
and Chang (2022) which shows that deeper learning consists of high-level
cognitive dimensions, interactive learning, and reflective learning, and can be
validated through factor analysis.


The main
difference between this study and previous studies lies in the dominant
dimension of supportive teacher interaction compared to collaborative learning.
Several previous studies have placed collaboration as a key factor in deep
learning environments, especially in the context of blended learning that
emphasizes interaction between students. However, in the context of Indonesian
higher education, lecturers still have a central position as a source of
academic, emotional, and pedagogical support in digital learning. This
difference shows that the structure of BSDLE is influenced by the cultural
context and the educational system. Therefore, validation of instruments in
local contexts is important so that the measurement model not only adopts
constructs from Western contexts, but also reflects the real experiences of
students in developing countries.


The main
contribution of this research is the strengthening of the psychometric study of
higher education through the integration of CFA and IRT in the validation of
supportive learning environment instruments. Theoretically, this study expands
the understanding of the relationship between sense of belonging, deep
learning, and psychosocial support in digital learning. Practically, the BSDLE
instrument can be used by universities to evaluate the quality of the learning environment,
identify areas that need improvement, and design more inclusive and
student-centered learning strategies. However, this study has limitations
because it uses a cross-sectional design, so it cannot explain changes in
belonging and deep learning of students over time. In addition, the data was
obtained through a self-perception questionnaire, so it still has the potential
to be influenced by the subjective bias of the respondents. Follow-up research
is recommended using longitudinal designs, involving cross-regional or
cross-country samples, and testing measurement invariance based on gender, type
of college, study program, and learning model.


 


CONCLUSIONS AND
RECOMMENDATIONS


This study
has succeeded in proving that the Belonging-Supportive Deep Learning
Environments (BSDLE) instrument has the validity of multidimensional constructs
and good psychometric characteristics in the context of higher education in
Indonesia. The CFA results showed that the model had an excellent goodness of
fit with CFI values = 0.947, TLI = 0.939, RMSEA = 0.049, and SRMR = 0.046,
while the IRT results showed a high item discrimination value (1.12–2.84) and
measurement reliability of 0.91 which was included in the excellent reliability
category. These findings show that an effective digital learning environment is
not only influenced by technological aspects, but also by psychological safety,
supportive teacher interaction, collaborative learning, academic belonging, and
reflective deep learning engagement. This research also strengthens the
Self-Determination Theory theory that social support and a sense of belonging
have an important role in increasing student engagement and learning experience
in the digital learning era.


Based on
these findings, universities are advised to develop digital learning policies
that are more supportive, inclusive, and oriented to the psychosocial needs of
students, especially through improving the quality of lecturer interaction and
academic support in hybrid and online learning. In addition, the BSDLE
instrument can be used as an evaluation tool to measure the quality of the
learning environment and the level of student involvement more comprehensively.
However, this study still has limitations because it uses a cross-sectional
design and data based on respondents' self-perception. Therefore, further
research is recommended to use longitudinal design, expand the scope of
cross-regional or cross-country samples, and test measurement invariance based
on gender, type of university, and learning model in order to obtain more
universal and in-depth instrument validation.


 


ADVANCED RESEARCH


Further
research is suggested to develop a validation of the Belonging-Supportive Deep
Learning Environments (BSDLE) instrument using a longitudinal design in order
to analyze changes in the sense of belonging and student learning engagement
more dynamically over time. In addition, future research needs to expand the
scope of samples across different countries, cultures, and education systems to
test measurement invariance and generalization of BSDLE constructs globally.
The development of research models can also be directed to the integration of
other variables such as academic resilience, digital literacy, artificial
intelligence-based learning, and student wellbeing to gain a more comprehensive
understanding of the digital learning environment in higher education.
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