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Abstract

The importance of space in higher education has been increasingly emphasized by policymakers,
educators, and students. The notion of spatial belonging focuses on the influence of multifaceted spaces
on university students’ sense of belonging. However, there has been a lack of a valid tool to measure
spatial belonging. Furthermore, existing questionnaires mostly center on emotional or surrounding
dimensions, ignoring the complexity and diversity of space types. This study sought to develop and
validate a new scale to measure university students’ spatial belonging. Based on the literature review, a
44-item scale was developed, and 25 items were retained after content validation by experts. Lastly, 24
items remained after removing a reverse item based on the target population’s feedback. 602 participants
were recruited from a Chinese university, and the data were analyzed using exploratory factor analysis,
confirmatory factor analysis, and measurement invariance. A reliable and valid scale with 23 items across
four dimensions: physical, digital, relational, and structural space was derived, providing researchers
with a better understanding of the current state of spatial belonging among university students and

offering higher education institutions a sound tool to utilize spaces to improve students’ belongingness.

Introduction

As a complicated concept defined by many researchers (Gravett & Ajjawi, 2021), a sense of
belonging is commonly acknowledged as an indispensable fundamental human need to feel welcomed,
embraced, and connected (Baumeister & Leary, 1995; Maslow, 1943). Similarly, Mahar et al. (2012)
considered an individual’s subjective experience of feeling valued and esteemed as belongingness. This
feeling is viewed as fluid, situated, and affected by multiple factors (Gravett & Ajjawi, 2021; Hunt et al.,
2023). According to Lee et al. (2023), certain identities or social traits aid in forming a sense of belonging.
Moreover, Francis et al. (2012) argued that public space further augments the positive facets of
belongingness.

In educational settings, a shared understanding of students’ sense of belonging refers to their
perceptions regarding being included, respected, and supported by their peers, teachers, and surroundings
(Goodenow, 1993). Participation in academic courses, organizations, and societies, along with
interactions and connections with academic staff and like-minded peers, is instrumental in cultivating a
sense of belonging (Cureton & Gravestock, 2019; Thomas, 2012). In addition, students’ belongingness
is also affected by abiotic factors, including the physical environment they live in, such as dormitories,
classrooms, and cafeterias (Ahn & Davis, 2020), and the virtual spaces brought about by scientific and

technological breakthroughs in teaching methods (Adel & Dayan, 2021). In a nutshell, students’
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belongingness is associated with ‘proximity’, which includes people (students, professors), things
(courses, activities), and objects (buildings, items). These elements jointly form a ‘space’ that can alter
students’ sense of belonging, encompassing physical, digital, relational, and structural aspects (Wong,
2023).

Simultaneously, numerous studies have confirmed the effect of belongingness on students and
higher education institutions. Sense of belonging is crucial in students’ external behavioral manifestations
(Strayhorn, 2012) and internal psychological effects (Leary, 2010). It not only has a profound influence
on mitigating pressure, overcoming difficulties, boosting well-being, enhancing self-esteem, and
sustaining mental health but also links strongly to their determination to complete the curriculum and
success in academics (Ahn & Davis, 2020; Kahu & Nelson, 2017; Winstone et al., 2020). Furthermore,
belongingness is conducive to students’ retention (Ajjawi et al., 2019) and the quality of talent cultivation
in postsecondary education. Thus, focusing on promoting a sense of belonging is a meaningful
investigation crucial for both academic institutions and individual learners.

Then, when it comes to facilitating belongingness, measuring students’ current sense of belonging
is essential. Based on the Theory of School Membership put forward by Wehlage et al. (1989), Goodenow
(1993) created a traditional Psychological Sense of School Membership (PSSM) scale with 18 items.
This scale measures adolescents’ belongingness in school from the dimensions of the emotion of the
school environment, the relationship between faculty and students, and the engagement of activities.
Most scholars recomposed the PSSM scale to assess college students’ sense of belonging in their
countries (Bates, 2025; Pittman & Richmond, 2008; Wilson & Gore, 2013; Zumbrunn et al., 2014). For
instance, Freeman et al. (2007) incorporated the university background into the PSSM scale and used
two versions of customized PSSM scale to evaluate freshmen’s belongingness. One version is separated
into three dimensions—overall school identity, instructor support, and peer acceptance—to examine a broad
sense of belonging in college, while the other novel class sense of belonging scale was proposed to assess
students’ experience of belonging in a particular class. Moreover, some scholars have endeavored to
create scales that are appropriate for college students. Karaman and Cirak (2017) developed the
Belonging to the University Scale, which consists of 14 items and three dimensions: identification,
motivation, and expectations. The University Belonging Questionnaire designed by Slaten et al. (2017)
breaks down belongingness into relationships between faculty and staff, university affiliation, and
university support and acceptance dimensions. In the course of creating the Student University Belonging
Scale, Samadieh et al. (2024) identified four factors areas: self-esteem, school atmosphere, peer
relationships, and teacher interaction. In the empirical study, the scale exhibited strong validity and
reliability.

Current research has validated numerous measurement instruments for assessing university students’
sense of belonging, thereby offering a reference for the quantitative advancement of this construct.
However, rather than being developed and validated based on the features of university students and
higher education, the majority of the scales now in use for assessing college students’ belongingness are
modified from scales that have been validated in elementary and secondary school students. Given the
substantial disparities in the sense of belonging experienced by students across various environments
(Burt & Paysnick, 2014; Chen, 2012), the scale designed to assess the sense of belonging in university
students—derived from samples of primary and secondary school students—may not be entirely suitable
for the collegiate demographic. Consequently, it is imperative to concentrate the research on the
university student demographic and create a sense of belonging scale tailored to their specific qualities.

Furthermore, although the existing mature scales also measure belongingness in multiple
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dimensions, their theoretical foundations predominantly stem from conventional social and educational
psychology, emphasizing interpersonal psychological perception and emotional attachment. They
naively perceive the academic setting as a uniform backdrop, neglecting to sufficiently consider the
dynamic aspects of belonging theory. Particularly in the context of increasingly complex and digitalized
higher education environments, conventional metrics have not been able to keep up with the development
of the connotation of belonging theory brought about by the advancement of the times, hindering the
ability to accurately capture the sense of belonging experienced by university students through
interactions across various spaces. As mentioned, belongingness is complex, dynamic, and impacted by
multidimensional factors. Governments and higher education institutions have prioritized wider spatial
flexibility in higher education research (Jokila et al., 2025). The space of higher education is varied, and
its impact on students’ belongingness is comprehensive. It is worthwhile to further investigate the impact
of diverse higher education spaces on students’ belongingness to deepen our understanding of the
complexity of students’ belongingness and shape it better. Therefore, creating a measure to assess how
varied spaces affect students’ sense of belonging is highly essential.

Based on the theories of Foucault’s (1986) heterotopia, Lefebvre’s (1992) spatial production, and
Massey’s (2005) spatial relations, Wong (2023) constructed a four-dimensional theoretical framework of
spatial belonging, including physical, digital, relational, and structural dimensions. Spatial belonging
highlights the cognition of space that exists in physical or digital form and is constrained by social
relations and structures, as well as the impact of diverse spaces on students’ sense of belonging. The
emergence of spatial belonging expanded the exploration of the correlation between space and
belongingness and made innovative contributions to the study of a sense of belonging. The novel spatial
belonging conception offers a possibility for measuring the new spatial dimension of belongingness,
which was absent from earlier assessments of a sense of belonging. Different spaces have varying effects
on different students’ sense of belonging since campus space is not neutral and exhibits varying
popularity across student groups (Mulrooney & Kelly, 2020). Hence, higher education institutions can
enhance different spaces to establish a non-discriminatory and supportive school environment for all
students, particularly those from underrepresented backgrounds, in order to promote students’ sense of
belonging and educational equity by understanding the impact of diverse spaces on belongingness.

However, the conceptual framework Wong (2023) put forward is pending practical validation. This
study aims to develop a reliable scale to measure university students’ spatial belonging with four
dimensions, based on Wong’s (2023) spatial belonging theory and the procedure of developing and
validating scales constructed by Hinkin et al. (1997). The spatial belonging scale (SBS) transcends the
constraints of conventional scale theories by incorporating insights from spatial sociology and
environmental psychology, so broadening the assessment of belongingness from an “interpersonal
psychology” framework to a “spatial interaction” framework. It concurrently integrates previously
overlooked components, including digital and structural spaces, remedying the inadequacies of current
tools that inadequately emphasize the spatial dimension. Furthermore, the SBS can identify the specific
spatial causes that contribute to levels of belongingness, broadening its utility beyond level evaluation to
attribution analysis. Theoretically, this study will help to enrich the framework of spatial belonging, offer
empirical support for the theory, deepen researchers’ comprehension of space and belonging in higher
education, compensate for the deficiency of the traditional school belonging scale to understand students’
spatial belonging, provide an efficient and up-to-date tool for assessing students’ spatial belonging, and
catalyze understanding for further research. Practically, this will give colleges and universities a better

understanding of what students need and want from higher educational institutions, which will help
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college administrators offer tailored counseling programs for individuals with various characteristics and,
to some extent, increase students’ sense of participation and belonging, which in turn improve the
management efficiency of colleges and universities, propel their growth, and make them more appealing
and competitive. Below, the SBS development and validation are conducted in three phases. In the first
phase, preliminary items are generated from the literature review, experts’ suggestions, and the target
population’s feedback. In the second phase, exploratory factor analysis (EFA) is performed using the first
half of the data collected to evaluate whether the SBS’s component structure and assumed dimensions
are consistent. In the third phase, the established scale is verified by conducting a confirmatory factor
analysis (CFA) and reliability and validity analysis on the second half of the data and the entire data set.

Finally, implications, limitations, and future directions are discussed.

PHASE 1: Items development

Identification of the domains and items generation

Domains Identification

Based on Wong’s (2023) conceptual framework of spatial belonging, this study examines the impact
of physical, digital, relational, and structural spaces on students’ sense of belonging. The emergence of
spatial belonging brought new demands on higher education institutions to address the disparity between
the macro-planned spaces designed by universities and the concrete spaces perceived by students in order
to better promote students’ sense of belonging. Prior to Wong’s (2023) framework of spatial belonging,
scholars have explored the implications of different spaces on students’ belongingness.

Firstly, physical space refers to the tangible, material environment that teachers and students interact
with regularly, including physical structures such as teaching buildings, libraries, gymnasiums, and
dormitory buildings (Wong, 2023). Whether teachers’ teaching and instructing or students’ studying,
researching, exercising, and living rely on the existence of physical space, which offers the most direct
and explicit influence on a sense of belonging. As Samura (2018) suggested, the physical space of a
school provides a platform for students to strengthen their connections with each other and their
relationships with faculty and staff. Therefore, the physical space of a campus plays an integral role in
developing a sense of belonging for students (Ahn & Davis, 2020; Mulrooney & Kelly, 2020). Research
has indicated that student satisfaction with campus spaces is influenced by its convenience, safety, and
comfort (Kdrni et al., 2013), and that a personal sense of belonging is linked to satisfaction with public
spaces (Francis et al., 2012). According to Antonsich (2010), the feeling of security and ease that one
experiences in college can be interpreted as belongingness. Additionally, place attachment is the
foundation of belonging (Scannell & Gifford, 2010). Emotions toward a particular location, thoughts
about a place, and behavior of maintaining close contact with a specific location are the three components
of place attachment. Gao and Liu (2021) concluded that a key dimension of students’ sense of belonging
in college is that their needs are met, and the frequency of space use is also related to a sense of belonging
(Trawalter et al., 2020, 2021). The same conclusion can be confirmed in a study by Morieson et al. (2018).
Focus groups and narrative models were employed to better comprehend students’ use of space on
campus. They discovered that students used available studios less and had a greater desire for informal
space. Following that, they collaborated with students to renovate existing underutilized studios, and the
results were noteworthy, with students developing a sense of belonging to the refurbished studios. The
aforementioned research led the research team to measure students’ sense of belonging to physical space

from two perspectives: the features of campus physical space (comfort, safety, convenience, etc.) and
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students’ attachment to it (such as how often they use the space, how they feel about it, and whether they
think it meets their needs). Furthermore, some scholars have investigated the relationship between green
space and a sense of belonging within the physical space. Green space and a sense of belonging are linked,
and studies demonstrate that high-quality green space promotes students’ sense of belonging (Jennings
& Bamkole, 2019; Thompson et al., 2023). In conclusion, the functional features (such as availability,
safety, and comfortability) of physical space and the use experiences (such as willingness, satisfaction,
and frequency) of students would significantly impact their sense of belonging.

Secondly, digital space refers to the virtual space for learning built using internet technology,
including school websites, learning software, and other online platforms and tools (Wong, 2023).
Currently, offline teaching is no longer the only way of learning, and blended learning has become an
indispensable mode of student learning owing to the advantages of spanning time and space and saving
costs. Mendoza and Venables (2023) claimed that the combination of online learning and offline learning
provides additional possibilities for diverse student groups to engage in learning and activities. The
flexibility of online learning also provides more opportunities for underrepresented groups to participate
(Longhurst et al., 2020; Muse, 2003). As Cureton et al. (2020) argued, intermingling digital and non-
digital elements is vital in students’ lives, presenting plenty of opportunities for young people to enhance
their belongingness. However, other scholars argue that digital learning may harm the development of a
sense of belonging. Relationships between students and staff are crucial to cultivating students’ sense of
belonging (Johnson, 2012; Kantanis, 2000; Mechan & Howells, 2017). Nonetheless, the rise of online
education has made it more challenging to establish relationships between students and teachers
(Mulrooney & Kelly, 2020). Besides, the non-neutrality of digital space can expose students to multi-
layered digital divides, ranging from device access and usage skills to ultimate benefits (Wei et al., 2011).
This structural inequality regularly triggers feelings of exclusion among students, preventing them from
truly identifying and belonging to digital learning spaces. Overall, a thorough investigation of the effects
of digital space on students’ sense of belonging is warranted, both in terms of its advantages and
disadvantages. In addition, Wong (2023) posited that digital space influences students’ sense of belonging
regarding learning and social engagement, with the functionalities of digital platforms, including
anonymity, also impacting students’ experiences. Research showed that students’ familiarity with the
online platform’s interface may affect their sense of belonging, and that platform connectivity issues also
lead to students’ discontent (Cole et al., 2021; Mendoza & Venables, 2023; Teo, 2010). Furthermore, as
technology advances, students are making connections with the school by progressively using digital
spaces to engage with teachers and other students (Guthrie & Meriwether, 2018). Thomas et al. (2014)
emphasized that students’ belongingness in online courses may be strengthened by their participatory
communication on online platforms. Kavoura and Stavrianea (2015) also found that users who forge
connections with others on social media have an enhancement in trust and a heightened sense of
belonging within the online community. Hence, the sense of belonging in the digital space can be
classified into three categories: satisfaction with the functions of digital general platforms (such as
interface, anonymity, and hardware and software support), sense of belonging to learning platforms (such
as online courses), and sense of belonging to social platforms (such as online official account).

Thirdly, relational space refers to the quality of relationships between people, including student-to-
student, teacher-to-student, and student-to-object relationships, which are vital in shaping a sense of
belonging (Wong, 2023). Hoffman and Morrow (2002) proposed that college belonging is an individual’s
cognitive appraisal, which shapes emotions and behaviors, meaning that a sense of belonging arises when

an individual develops the perception of feeling cared for and accepted (Gao & Liu, 2021). According to
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Baumeister and Leary (1995), who researched the impact of relationships on belonging, relationships
formed through social interactions in educational settings play an instrumental part in determining
belonging. Student-to-object relationship refer to the emotional bond and sense of meaning that students
form with specific objects on campus that have symbolic or emotional significance. This relationship
extends beyond the objects’ physical functional features, emphasizing social, emotional, and symbolic
responsibilities as transmitters of memory, identity, and group affiliation. These objects allow for a deeper
psychological engagement between students and the campus space, which has a significant impact on the
establishment of students’ belongingness. Some researchers explored the connection between teacher-
student engagement and belongingness. For example, Hoffman and Morrow (2002) suggested that
students’ access to supportive and frequent interactions with teachers in academic and social settings had
a positive effect on the formation of their sense of belonging. Positive peer interactions or staying in the
same space with their peers can make students feel supported in unfamiliar and complex environments,
prompting them to engage in activities more proactively, which in turn affects the development of a sense
of belonging (Johnson, 2007; Webb et al., 2008). As stated by Thomas (2012), belongingness can be
fostered by forming supportive peer relationships and engaging in meaningful interactions between
teachers and students. Supportive peer relationships can be obtained by participating in activities
organized by university clubs or societies. Hurtado and Carter (1997) found that active participation in
extracurricular activities encourages students to establish a sense of belonging. Castle and Grant (2023)
further highlighted that cultivating emotional bonds with others through activities—rather than merely
participating in activities—is the fundamental element in creating belongingness. A sense of belonging
is relational in nature (Kahu & Nelson, 2017), and the emotional link to a space resulting from
communication with people and objects is an important part of belonging (Bennett, 2014; Peters et al.,
2016). Consequently, the sense of belonging within the relational space manifests in the cognitive
dimension as the perception of care and acceptance from teachers and peers, in the emotional dimension
as a preference for communication and interaction with teachers and peers, and in the behavioral
dimension as proactive interaction with teachers and peers and active participation in activities.

Lastly, structural space aims to understand the impact of social structures, consisting of
organizational forms and relationships in society and dominant discourses of perceptions, beliefs, and
values that are dominant in society, on an individual’s experience of space (Wong, 2023). Thomas (2015)
outlined that students may feel excluded from these spaces, or they may not feel like they belong when
placed outside the standard student image of higher education on dimensions such as gender and social
class. Scholars have explored the relationship between social structures and belonging across fields. The
space of higher education is influenced by both external and internal policies, and the structural space
shaped by them has an impact on students’ sense of belonging (Wong, 2023). From the outside, the social
structure’s stratification influences university rankings, and the dominant discourse of elitism impacts
the reputation of universities (Baltaru et al., 2022; Shamash, 2019). Lucas (2001) reported that the
privileged class changed their perspective on the prestige of universities to preserve their own and their
children’s advantages in the increasingly prevalent situation of university degrees. The elite class is
established and perpetuated in part by British universities, which typically recruit most of their students
from the upper and upper-middle classes and play a crucial role in choosing talent for high-paying
positions (Shamash, 2019). Gao and Liu (2021) demonstrated how students’ sense of belonging is
influenced by university’s ranking, accomplishments, and reputation. At the internal level, the
educational disparity is a reflection of how dominant discourse and societal structure impact schools

inside spaces. According to Hurtado and Carter (1997), students from minority groups felt far less like
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they belong than students from dominant cultures. The research of Johnson (2012) on women of color
majoring in STEM further confirmed this conclusion. Johnson discovered that this group’s belongingness
was weakened by the STEM education environment’s dominant culture, which prioritizes white men,
leaving them feeling excluded. Meanwhile, McDonald (2024) examined how belonging is constructed
and experienced through the dimensions of gender and class by focusing on the experiences of two first-
generation working-class college girls as they transitioned from secondary school to their first year of
college. The findings emphasized that the first-in-family girls from the middle class experienced complex
negotiation of belonging in and across physical and discursive spaces within higher education,
positioning themselves as out of place or inauthentic. Soja (2013) indicated that structural space can
become an opportunity to fight inequality. Therefore, higher education institutions can exercise their
autonomy to create a welcoming space for all students, particularly those from marginalized groups,
thereby enhancing students’ sense of belonging (Wong, 2023). In a nutshell, factors that external social
hierarchy reflects in university like the school’s ranking, accomplishments, and reputation and that
internal governance model like whether the school’s structural space is equitable and diverse can be used
to analyze students’ belongingness in structural space.
Items generation

Since there are no readily available scales to measure spatial belonging, this study used an inductive
approach to generate scale items. The initial scale items for this study were based on the aforementioned
literature review and team group discussions on the effects of different spaces on the sense of belonging.
The literature review provided the framework and content support for the scale, particularly Wong’s
(2023) theoretical framework of spatial belonging, which framed the four dimensions of the scale. A team
of two graduate students familiar with the academic belongingness literature then generated sixty items
through independent thinking, comprising themes such as campus space, student engagement, student-
faculty interaction, relationships with faculty and staff, peer relationships, facility convenience,
university attachment, and school identity, and compiled them in order. Subsequently, team members
examined, debated, and adjusted each item individually to guarantee readability, conciseness, and
theoretical accuracy. Duplicate and irrelevant items were eliminated through team negotiation, and lastly,

forty-four items remained primarily for the whole SBS, with eleven items for each of the four dimensions.
Content validity

Evaluation by experts

After forty-four items were generated, two experts in educational psychology were invited to review
the list. Despite being chosen for convenience, the two specialists had extensive knowledge of belonging.
To determine the scale’s content validity, the research team first shared the theory of spatial belonging
with experts and requested them to evaluate the items’ relevance to the concepts of spatial belonging
using the provided theoretical framework. Next, the experts were prompted to evaluate these items’ face
validity, clarity, and simplicity. Lastly, the experts were requested to identify unclear items and offer
specific phrasing recommendations. Based on the purpose of the study and referring to the experts’
suggestions, the research team rephrased some items and deleted unclear and redundant items. For
example, the item pertaining to “social connections” was rephrased to broaden their scope—extending
beyond single platforms (such as WeChat Moments) to encompass a wider range of social media—
thereby more comprehensively capturing students’ online social experiences. The item concerning
“collective activities” was also rephrased, shifting the focus from describing the richness of the activities

themselves to emphasizing the individual’s sense of integration within them, thereby enhancing the
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item’s relevance to the construct of belongingness. Furthermore, the item related to “school pride” was
rephrased to concretize the abstract concept of “construction and development” into an emotional
response toward “university achievements”, thereby enhancing the clarity and specificity of these items.
Furthermore, certain items were eliminated owing to conceptual overlap. For instance, items intended to
directly measure the affective bond between “students and objects”—such as “A specific spot on campus
where I frequently spend time makes me feel a strong sense of closeness”—were eliminated because they
conceptually overlapped with the dimension of physical space (e.g., “Certain buildings at the school
make me feel comfortable”), making discriminant validity difficult to establish. Experts highlighted that
respondents are more likely to understand “a sense of closeness” as a preference for the physical comfort
provided by the setting, rather than as a purely subjective symbol. To ensure discriminant validity, we
removed such items. Eventually forming a scale containing twenty-five items.
Evaluation by the target population

Five students were invited to participate in a group discussion in this study to discover more about
their perceptions and understandings of the scale items. The five students from freshman, sophomore,
junior, senior and first-year graduate students, two of whom were female and three of whom were male,
joined in a nearly hour-long group discussion. After reading the four dimensions of the twenty-five-item
scale individually, students were asked to clarify any aspects they did not fully comprehend or left
perplexed. By sorting through the discussion results, the research team obtained direct feedback and
suggestions from the target group to help identify and eliminate ambiguous items. The reverse-coded
item was removed after being recognized as confusing during the student feedback session. Finally, a
twenty-four-item scale, as shown in Table 1, was obtained by reworking the expression of the items and
removing the reverse item. All items were filled in by rating on a five-point Likert scale from 1 (not at
all) to 5 (fully) to reflect their true feelings. The first half of the collected data will be tested for the scale’s
psychometric properties in the next step.

Table 1. The items of the scale

Physical Space

Item 01 The university facilities can meet my diverse needs
Item 02 The environment or infrastructure of the university gives me a sense of security
Item 03 I like to stay in several areas at the university (such as libraries, study rooms, laboratories,

dormitories, sporting fields, pavilions, green spaces, and others)

Item 04 I regularly use facilities or venue space provided by the university (such as libraries, study rooms,
laboratories, dormitories, sporting fields, pavilions, green spaces, and others)

Item 05 The university facilities are easy to access and use (such as libraries, study rooms, laboratories,
dormitories, sporting fields, pavilions, green spaces, and others)

Item 06 Some of the buildings at the university make me feel comfortable

Digital Space
Item 07 I am satisfied with the interface, functionality, and anonymity of the online learning platform

provided by the university

Item 08 The learning database resources offered by the university are convenient for my study
Item 09 I enjoy discussions with my professors, instructors, or peers in the online course
Item 10 I like to leave a message or comment on the university’s official platforms (such as official accounts,

forums, and others)
Item 11 My social media moment updates from friends (such as WeChat, QQ, and others) make me feel

connected to my university
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Item 12 Our university provides high-quality equipment and technical assistance for the use of the online

platform.

Relational Space

Item 13 I feel accepted and understood by my university mates

Item 14 I can integrate into the collective activities of the university

Item 15 Even during the holidays, I also stay in touch with my professors, instructors, or peers at the
university

Item 16 Professors or instructors are concerned about my learning and development

Item 17 I enjoy interacting with university staff (such as professors, instructors, security guards, dormitory

staff, and cafeteria staff)

Item 18 I participate actively in activities organized by the university, faculty, or clubs

Structural Space

Item 19 Everyone has equal access to all resources

Item 20 I am satisfied with the university’s ranking

Item 21 I feel pleased when people praise my university

Item 22 Our university manages students in a democratic way

Item 23 Our university provides support for students from diverse backgrounds
Item 24 I am excited about the university’s achievements

PHASE 2: Construct the Scale—Study 1

Participants

To obtain a clearer construct structure and minimize confounding effects from external differences
in the stages of scale development, this study employed a relatively homogeneous sample from a single
university. This phased sampling approach is supported by Jager et al. (2025), who demonstrate that
homogeneous convenience samples can lower estimation bias and improve internal validity when
probability sampling is not practical. The study gathered 602 students, of whom 175 were male (29.07%),
and 427 were female (70.93%), at a university in southern China. At the degree level, 475 students
(78.90%) were undergraduates, and 127 students (21.10%) were graduate students (16.78% were
master’s students and 4.32% were doctoral students). The researchers chose to divide the dataset into
two sections for analysis since the sample size (n = 602) was sufficient enough, meeting the requirement
of at least five times the number of items (n = 24) (Bentler & Chou, 1987). The ratio in this split between
the scale’s items and the responses in each half was approximately 10:1, frequently employed in certain
component analysis research (Costello & Osborne, 2005). Of the 301 participants in Study 1, 90 (29.90%)
were men, and 211 (70.10%) were women. Similarly, the statistics for Study 2 were as follows: a total
of 301 participants, 28.24% male and 71.76% female (Table 2).

Table 2. Demographics of participants in Study 1 and Study 2

Study 1 sample (number = 301) Study 2 sample (number = 301)
Variable Number (%) Number (%)
Gender
Male 90 (29.90%) 85 (28.24%)
Female 211 (70.10%) 216 (71.76%)
Grade

Undergraduate 235(78.07%) 240 (79.73%)
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Graduate 66 (21.93%) 61 (20.27%)

Procedure

Between May and June 2024, when students became familiar with the campus and fostered a certain
sense of belonging after attending higher education institutions for approximately two terms, participants
were given access to an online survey via the Wenjuanxing Questionnaire Platform (the Chinese
equivalent of Qualtrics). The university’s Science Ethics Select Committee reviewed and approved the
work. A consent form was displayed so that participants could learn about the risks and benefits of
participating in this study. They would access the formal questionnaire once clicking the “agree” button.
Eventually, 634 students agreed to take part in this poll. Since this study employed an online survey and
each question had to be compulsorily completed before the questionnaire could be submitted, there were
no missing data. The researchers implemented a conservative data screening method to identify the valid
questionnaires, removing questionnaires with a completion time below the 5th percentile (50 seconds) or
exhibiting straight-line responding (=10 identical consecutive answers ). After examining each one
separately, 32 randomly completed responses (with brief reaction durations and nearly identical answer

choices) were removed, and 602 genuine surveys ultimately remained.
Data analysis

The quantitative data was analyzed using several statistical software. Descriptive analysis, internal
consistency analyses, and EFA were conducted using IBM SPSS statistics version 25. CFA was
performed using Amos Graphics version 24, and measurement invariance analysis was performed using
Mplus Editor version 7.4. The significant level for each statistical test was set at p < 0.05. The percentage
data in this paper have been rounded to two decimal places, so the sum of individual portions and the

total may have a reasonable error of = 0.01%.
Results

The first half of the dataset was tested for differentiation and correlation using extreme group
analysis and item-total correlation analysis. The item analysis was performed, and the results revealed
that the p-values of the t-tests for equivalence of the means of the individual item in the extreme group
test method were less than 0.05, indicating a significant difference and that there was a high level of
differentiation between the individual item. Item-total score correlation scores varied from 0.52 to 0.70,
showing that each question item was strongly associated with the total score. Cronbach’s alpha (a) was
then used to assess the correlation between the scale items to measure internal consistency, and the results
showed a high degree of internal consistency between the items in this study (a = 0.93).

Regarding EFA, the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test of sphericity were used to
determine whether the twenty-four items were suitable for extracting principal components. Most
scholars recognize a KOM value of 0.7 as a commonly used threshold for confirming suitability when
extracting principal components. This study’s KMO value was 0.93, and Bartlett’s test of sphericity
yielded a significant result (p < 0.05), demonstrating that the data was suitable for principal component
analysis. After principal component extraction, components with eigenvalues greater than one should be
maintained as principal components for future analysis (Watkins, 2018). The findings indicated that four
factors have eigenvalues above one, implying that the twenty-four items fulfilled the expected four
principal components with high significance. The total variance contribution of these four principal

components was 62.62%, explaining the data’s main variance. All items in each dimension had factor
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loadings greater than 0.4. However, item 20 did not meet the condition that secondary loadings differ
from primary loadings by 0.2, implying that this item is significantly related to more than one factor and
thus unsuitable for categorization into a single factor. Considering the scale’s clarity and construct
validity, this item was removed based on Lessiter et al.’s (2001) findings, and the remaining twenty-three
items were subjected to the same EFA test.

In the second test, the KMO result was 0.93, and Bartlett’s test of sphericity p-value is also less than
0.05. During the principal components analysis, both the eigenvalues larger than one and the gravel plot
supported the extraction of the four principal components (Figure 1), which together explained 63.48%
of the variance. All items met the requirement of at least 0.2 difference between the first and second
loading values and had loadings above 0.5. The common degree of each item was greater than 0.4; the
extracted common factors were, therefore, effective in explaining the variables. The variance explained
by the first single factor was less than 40% (Podsakoff et al., 2003); thus, there was no significant
common method bias in the data. The scale developed through exploratory component analysis includes
twenty-three items as follows:
®  Factor 1: Physical space (6 items, o = 0.89; 17.09% variance explained)
®  Factor 2: Relational space (6 items, o = 0.87; 16.24% variance explained)
®  Factor 3: Structural space (5 items, o = 0.88; 15.08% variance explained)
®  Factor 4: Digital space (6 items, a = 0.84, 15.08% variance explained)

Scree Plot
10

Eigenvalue

[
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Component Number

Figure 1. The scree plot of Study 1

CFA was used to determine whether the four-component model obtained from EFA was suitable.
The researchers first utilized widely used fit indices to test model fit (Schreiber et al., 2006) and then
included correction indices to account for any potential missing cross-factor loadings. These criteria
comprised the following: Cardinal Ratio Degrees of Freedom (CMIN/DF, good fit < 2), Comparative Fit
Index (CFI, good fit > 0.95), Tucker-Lewis Index (TLI, good fit > 0.95), Incremental Fit Index (IFI, good
fit>0.95), Root Mean Square Error of Approximation (RMSEA, good fit <0.06), and Standardized Root
Mean Square Residuals (SRMR, good fit < 0.08). According to the results in Table 3 and Figure 2, the
model fit estimates displayed excellent structure. The convergent and discriminant validity were then
further investigated in this study. Standardized Factor Loadings (SFL), Composite Reliabilities (CR),
and mean squares were extracted to analyze the level of correlation between items in the same component.
The standardized factor loading coefficients for twenty-three items were greater than 0.5, with most

above 0.7. CR and Average Variance Extracted (AVE) values were calculated using the Exps calculator.
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The results in Table 4 showed that all AVE values exceeded 0.5, and CR values were above the

acceptable level of 0.7, indicating good convergent validity (Hair et al., 2010). The discriminant validity

was then evaluated by comparing the AVE square root values with the correlation coefficients. The

results revealed that the four factors’ AVE square root values were higher than their correlation

coefficients with the other factors (Table 5), indicating good discriminant validity (Fornell & Larcker,

1981a, 1981b).

Table 3. Model fit of Study 1

CMIN/DF CFI IFI TLI RMSEA SRMR
1.49 0.97 0.97 0.97 0.04 0.04
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Figure 2. Results of confirmatory factor analysis—Study 1 model
Table 4. Convergent validity of Study 1 model
Path SFL P CR AVE
Physical 1 0.80

Physical 2 0.76 ok

Physical 3 0.70 HAK
0.89 0.58

Physical 4 0.78 ok

Physical 5 0.85 HAK

Physical 6 0.68 HAK
Digital 1 0.68 0.86 0.51
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Path SFL P CR AVE

Digital 2 0.65 HoHE
Digital 3 0.73 HoHE
Digital 4 0.79 HoHE
Digital 5 0.72 HoHE
Digital 6 0.69 woHE
Relational 1 0.65
Relational 2 0.69 HoHE
Relational 3 0.74 HoHE
0.87 0.53
Relational 4 0.80 oAk
Relational 5 0.72 oAk
Relational 6 0.76 HoHE
Structural 1 0.74
Structural 3 0.78 ko
Structural 4 0.79 HoHE 0.88 0.61
Structural 5 0.75 o
Structural 6 0.83 o
SFL: standardized factor loading, SE: standard error.
Table 5. Discriminant validity of Study 1 model
Variables Structural Relational Digital Physical
Structural (0.78)
Relational 0.63"" (0.73)
Digital 0.53"" 0.59"" 0.71)
Physical 0.55™" 0.57"" 0.62"" (0.76)

The square roots of AVE are presented in parentheses, and the other values represent the correlation between the latent factors, *** p <.001.

PHASE 3: Validating the Scale

Study 2

The current research team conducted the same test on the second half of the dataset to validate the
four-factor model developed in the previous study. First, the extreme group analysis and item-total
correlation analysis showed good discrimination (p < 0.05, 0.54 < r < 0.69). The scale’s internal
consistency was desired, as demonstrated by Cronbach’s alpha coefficient of 0.93.

The principal components of the twenty-three factors were then extracted using EFA. The data was
appropriate for factor analysis, as shown by the KMO test value of 0.92 and Bartlett’s test of sphericity
p-value was less than 0.05. Regarding the principal component analysis, the eigenvalues greater than one
and the gravel plot (Figure 3) underpinned the extraction of the four principal components, which
collectively explained 61.33% of the variance. The factor loadings for all items were statistically
significant. Since the commonality of each item and the variance explained by the extracted common
factors were acceptable, the extracted common factors effectively explained the variables, and the data
did not suffer from serious common method bias. The scale obtained through EFA contained twenty-

three items as follows:
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Factor 1: Physical space (6 items, a = 0.89, 16.76% of variance explained)
Factor 2: Relational space (6 items, o = 0.86, 15.61% variance explained)

Factor 3: Digital space (6 items, o = 0.85, 15.13% variance explained)

Factor 4: Structural space (5 items, a = 0.85, 13.83% variance explained)

Scree Plot
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Figure 3. The scree plots of Study 2

The model’s fit for the second batch of data was evaluated using CFA. The results were as follows:
CMIN/DF = 1.56, CFI = 0.96, IFI= 0.96, TLI = 0.96, RMSEA = 0.04, and SRMR = 0.04. The findings
demonstrated that all values were above permissible bounds; thus, the model fits the data well. Figure 4
depicts the scale structure. Convergent and discriminant validity were successfully attained in this
investigation, as shown in Table 6 and Table 7. The standardized factor loading coefficients for twenty-
three items ranged from 0.62 to 0.82, indicating good convergent validity. All AVE values were above
0.5, and all CR values were above the 0.8 level. The square root AVE values for all four factors were

greater than their correlation coefficients with the other factors, indicating good discriminant validity.
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Figure 4. Results of confirmatory factor analysis of Study 2 model

Table 6. Convergent validity of Study 2 model

Path SFL P CR AVE
Physical 1 0.82
Physical 2 0.76 Hk*
Physical 3 0.75 Hk*
0.89 0.58
Physical 4 0.73 Hk*
Physical 5 0.80 Hk*
Physical 6 0.69 Hk*
Digital 1 0.69
Digital 2 0.68 ok
Digital 3 0.74 ok
0.86 0.51
Digital 4 0.77 kak
Digital 5 0.71 ok
Digital 6 0.67 kak
Relational 1 0.62
Relational 2 0.69 Hokx
Relational 3 0.75 Hokx
0.86 0.51
Relational 4 0.76 Hokx
Relational 5 0.72 Hokx
Relational 6 0.74 Hokx
Structural 1 0.70
0.85 0.53
Structural 3 *okk

0.67
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Path SFL P CR AVE

Structural 4 0.74 Aok
Structural 5 0.77 Aok
Structural 6 0.75 Aok

Table 7. Discriminant validity of study 2 model

Variables Structural Relational Digital Physical
Structural (0.73)
Relational 0.55%** (0.71)
Digital 0.55%** 0.57*** (0.71)
Physical 0.55%** 0.61*** 0.63*** (0.76)

The square roots of AVE are presented in parentheses, and the other values represent the correlation between the latent factors, *** p <.001.

Study 3

Using the same process, the model results obtained after study 2 were validated again, using the
entire dataset (n = 602) to ensure the model’s validity. After excluding item 20, the item-total correlation
analysis for the twenty-three items ranged from 0.54 to 0.69, and the extreme group analysis showed
good discrimination across the items. With a Cronbach’s alpha value of 0.93, the model’s internal
consistency was estimated to be satisfactory. The KMO and Bartlett’s test of sphericity pointed out that
the model was appropriate for extracting principal components (KMO = 0.94, p < 0.05). Based on the
gravel plot (Figure 5) and eigenvalues of more than one, four principal components were identified,
cumulatively accounting for 62.18% of the variance. All items had loadings greater than 0.6 and satisfied
the requirement of a difference of 0.2 between the primary and secondary loadings. Each item had a
common measure of more than 0.4, and the variation explained by the factor was less than 40%. As a
result, there was no significant common method bias in the data. The following twenty-three items were
included in the final scale generated from the exploratory factor analysis:
®  Factor 1: Physical space (6 items, o = 0.89, 16.80% explained variance)
®  Factor 2: Relational space (6 items, o = 0.87, 15.91% variance explained)
®  Factor 3: Digital space (6 items, a = 0.85, 15.14% variance explained)
[

Factor 4: Structural space (5 items, a = 0.87, 14.32% variance explained)

Scree Plot

Eigenvalue

]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Component Number

Figure 5. The scree plots of Study 3
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CFA was used to assess the effect of the model constructed in Study 2 across the entire dataset. The
results were as follows: CMIN/DF = 1.77, CFI = 0.98, IFI = 0.98, TLI = 0.97, RMSEA = 0.04, and
SRMR = 0.03. These values were within acceptable limits, indicating a good fit between the model and
the entire dataset. Tables § and 9 show that convergent and discriminant validity were achieved well in
this study. The standardized factor loading coefficients for twenty-three items ranged from 0.64 to 0.83,
with CR values over 0.8 and AVE values above 0.5. In addition, the AVE square root values for all four
factors were greater than their correlation coefficients with other factors, indicating good discriminant
validity.

Finally, invariance was measured to ensure the results’ consistency when the model measured the
concept of spatial belonging across gender conditions, including configural invariance, metric invariance,
scalar invariance, and residual invariance tests. The results showed that configural, metric, and scalar
models passed the chi-square test of variance, meaning that the model did not differ significantly. The
chi-square difference P value of the residual invariance model was significant, meaning there was a
significant difference between the scalar and residual models (Table 10). Therefore, the residual
invariance model was not established, and the test was stopped. The metric and scalar invariance models
have |ACFI| < 0.01 and JARMSEA| < 0.015 (Chen, 2007). Therefore, it can be speculated that the SBS
arrived at the intended scalar test, demonstrating good invariance in measuring spatial belongingness
across gender groups.

Table 8. Convergent validity of Study 3 model

Path SFL P CR AVE
Physical 1 0.79
Physical 2 0.74 Hkk
Physical 3 0.73 ok 0.5 057
Physical 4 0.76 ok
Physical 5 0.83 wkok
Physical 6 0.69 ok
Digital 1 0.67
Digital 2 0.68 ook
Digital 3 0.72 ook
Digital 4 0.76 o 0.86 0.51
Digital 5 0.75 ok
Digital 6 0.69 ook
Relational 1 0.64
Relational 2 0.70 ok
Relational 3 0.75 ok
Relational 4 0.77 ok 0.87 0.52
Relational 5 0.72 ok
Relational 6 0.75 ok
Structural 1 0.72
Structural 3 0.73 ok
Structural 4 0.76 oAk 0.87 0.57
Structural 5 0.76 ok

Structural 6 0.79 ook
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Table 9. Discriminant validity of Study 3 model

Structural Relational Digital Physical
Structural (0.75)
Relational 0.59%** (0.72)
Digital 0.54%** 0.58*** (0.71)
Physical 0.56%** 0.60*** 0.63*** (0.76)

The square roots of AVE are presented in parentheses, and the other values represent the correlation between the latent factors, *** p <.001.

Table 10. Measurement invariance tests across gender

X2 df RMSEA CFI TLI AX? Adf  p-value  ARESEA ACFI

Configural  19.48 15 0.05 0.99 0.98

Metric 2541 19 0.05 0.98 0.97 5.94 4 0.204 0.00 -0.01

Scalar 29.97 23 0.05 0.98 0.98 4.56 4 0.336 0.00 0.00

Residual 68.51 27 0.10 0.88 0.88 38.54 4 0.000 0.06 -0.10
Discussion

This paper aimed to develop and validate a scale to measure university students’ sense of spatial
belonging. Following a review of the literature and discussions with the research team, the study
generated forty-four items in the beginning. Then, some of these were removed or modified in response
to suggestions from experts after they assessed the scale’s surface and content validity, bringing the total
number of scales down to twenty-four in this stage. Additionally, target group feedback from five
university students was followed to ensure the scale items were clear, and all twenty-four items were
finally retained. According to Zytka and Ocieczek (2022), even though the items were not deleted during
the target group feedback stage, it may effectively decrease the possibility that participants will
misunderstand some items during formal experiments and that this will influence their responses. As a
result, three-phase studies were then conducted to revise and validate these twenty-four items.

The findings from the three studies consistently indicated that the scale had a stable four-factor
structure and sound psychometric properties. In Study 1, twenty-four items were grouped into four
principal components. However, item 20—"I am satisfied with the university’s ranking”—was rejected
because the difference between the primary and secondary loadings was less than the 0.2 threshold.
Furthermore, philosophically, it incorporates students’ structural evaluation of the school’s objective
reputation, as well as the consequent internalized subjective relational experience, blurring the theoretical
distinction between the structural and relational dimensions. Students’ satisfaction with rankings is
initially a structural affirmation of the school’s resources and prestige, this perception quickly transforms
into identity recognition and emotional pride within the academic community (Huang et al., 2014),
imbuing the items with relational dimension content as well. This sense of identification leads to
statistical cross-loading via three distinct processes. First of all, high school rankings are frequently
associated with higher-quality academic and professional activities. Students’ satisfaction with rankings
implies an expectation of participating in such high-quality activities, potentially increasing their
enthusiasm for participating in campus activities. Besides, high rankings typically indicate an exceptional
faculty. Students’ consent of rankings reinforces their prior trust and respect for instructors’ professional
ability, building the emotional groundwork for positive teacher-student relationships. Finally, the shared
experience of high rankings shapes significant in-group preferences and a sense of honor within the
student body. This identification, based on collective identity, effectively promotes acceptance and

connection among peers, making it easier to form student-student relationships. Hence, eliminating this
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item was based on the criteria of measurement rigor and conceptual clarity. This decision may improve
the construct validity of the scale and provide a more accurate measurement instrument for future
research. In Study 2, the four-factor model with twenty-three items was further validated, and the data
results reached an acceptable level. In Study 3, the scale demonstrated good internal consistency and
model fit, and the gender invariance test indicated strong invariance. Some scholars have suggested that
establishing full measurement invariance through strict invariance is considered difficult to achieve due
to the highly restrictive nature of the test (Byrne et al., 1989; Widaman & Reise, 1997), and achieving
strong invariance is adequate to enable significant cross-group comparisons of latent means(Steyn & De
Bruin, 2020; Van de Schoot et al., 2012). Thus, the research team concluded that the scale that achieved
strong invariance had good cross-gender invariance. Eventually, this study yielded a four-dimensional
scale with twenty-three items, demonstrating good reliability, validity, and gender invariance.

This study is the first attempt to develop and validate a scale to identify university students’ spatial
belonging. Today, the massification of higher education has remarkably altered students’ sense of
belonging. Calderon (2018) pointed out that by 2030, the number of undergraduate students worldwide
will increase to 380 million. Higher education institutions do, however, have limited material resources.
The available resources are challenging in meeting the demand for physical space brought on by the
quick increase in the student population. Students’ sense of belonging is weakened by the consequent
decline in per capita material resources, such as green space, teaching facilities, and libraries. Meanwhile,
the expansion of higher education has changed the relational space, affecting students’ belongingness.
According to Burd (2018), students frequently experience feelings of loneliness and isolation due to the
growth of higher education enrollment since their connections with teachers and peers become much
dispersed. Besides, the growth of virtual digital space prompted by scientific and technological
advancements changes students’ sense of belonging. On the one hand, online teaching models provide
more participation opportunities for underrepresented groups (Longhurst et al., 2020), which boosts their
sense of belonging. On the other hand, students being unfamiliar with the platform interface, connection
and time issues, and lack of teaching skills are detrimental to cultivating students’ sense of belonging
(Cole et al., 2019; Lakhal et al., 2020). Furthermore, as higher education is becoming more widely
available, numerous students from various socioeconomic backgrounds can access it, increasing the
number of students from these groups on campuses. Students from different social classes, especially
those in disadvantaged positions, are impacted by the non-neutrality of campus space. They may feel less
like they belong if not included in the objectified “typical” student image (Burke & McManus, 2011). As
a result, their sense of belonging is impacted by the reforms in campus structure space brought about by
the massification of higher education (Thomas, 2015).

In a nutshell, higher education’s physical, digital, relational, and structural spaces are altered by the
times, which influences students’ sense of belonging. Many education and psychology academics have
also acknowledged the significance of belonging for college students (Beatson et al., 2023; Buckley et
al., 2023; Hausmann et al., 2007; Hurtado & Carter, 1997; Zumbrunn et al., 2014) as a potent structure
that impacts adolescents (Slaten et al., 2017). However, as of right now, there is no tool that could
accurately assess how those four spaces affect students’ belongingness. Therefore, this study has the
significance of bridging the theory-practice gap by developing and validating a highly measurable and

feasible scale of spatial belonging.
Implications

Theoretically, this study further enriches the framework of spatial belonging. Space and belonging
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have a complicated relationship that numerous scholars have investigated (Bennett, 2014; Morieson et
al., 2018; Rieth, 2023; Samura, 2018; Temple, 2018; Thompson et al., 2023; Trawalter et al., 2021);
however, it was not until the theoretical framework of spatial belonging proposed by Wong (2023) that
the relationship between diverse higher education spaces and students’ sense of belonging was creatively
proposed. Since the emergence of the concept of spatial sense of belonging, the existing scales have been
unable to comply with the new requirements brought about by the development of the theory. The SBS
developed in this paper tested the framework of spatial sense of belonging in a real university
environment and provided empirical evidence for the conceptual framework of spatial sense of belonging,
which meets the new requirements of the spatial sense of belonging theory—focusing on the subtle
differences in the impact of different campus spaces on the sense of belonging.

Practically, the SBS could assist higher education institutions in enhancing their attractiveness and
adherence to students. The impact of the massification of higher education and breakthroughs in science
and technology on students’ sense of belonging demands immediate action. Higher education institutions,
particularly in the aftermath of the epidemic, are under pressure to strike a balance between online and
offline teaching and learning, which also means how to deal with the link between physical and digital
places. Compared with various other scales, the SBS is anticipated to supply higher education institutions
with a competitive edge. In particular, the SBS successfully assesses students’ sense of belonging in all
four spatial dimensions, allowing higher education institutions to comprehend how various spaces impact
students’ sense of belonging. It also permits them to identify any inconsistencies or shortcomings
between their conceptualized and students’ perceived spaces and then adjust the corresponding spaces to
promote students’ sense of belonging. In conclusion, the SBS can benefit our comprehension of students’
spatial belonging and encourage a variety of endeavors in postsecondary educational institutions to create

a well-rounded environment for students’ sense of belonging.
Limitations and Future Directions

First and foremost, this study was carried out at a specific university campus in southern China,
limiting the external validity of the findings. Student characteristics, campus spatial culture, and
institutional environment differ between universities in different countries and regions, which may
influence how a sense of spatial belonging is manifested and how scale items are interpreted, thereby
affecting the stability of the scale’s structure. Future research should further validate the applicability of
this scale across different cultural and institutional contexts and examine whether there are differences
in participants’ understanding of the scale items. Additionally, the gender ratio in this study was
unbalanced. While this ratio is somewhat consistent with the changing gender ratio in Chinese higher
education, and the measurement invariance test indicates scalar invariance across genders, the tiny male
subsample size may restrict its statistical power. This may limit the stability of model parameter
estimation and the statistical capacity to detect invariance at all possible levels. As a result, the current
findings in the male population require further validation to ensure their reliability. The scale’s
development and validation are continuous processes (Cronbach, 1971), future research must maintain a
gender balance between men and women to validate the results of this research. Thirdly, the online survey
format made it difficult to fully ensure the quality of the questionnaire (Deutskens et al., 2004). Even
though the researchers checked each response independently, the authenticity of the participants’
responses could not be completely guaranteed. Besides, this study relied on self-report data collection,
which, while effective for evaluating subjectively perceived factors, may be influenced by social

expectation bias and common method bias. Although the data showed that common method bias did not
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affect this study, future research may utilize data from multiple sources to further improve the reliability
of the results. Subsequently, this study utilized data from both the front and back parts of the dataset for
scale validation. Although the samples from each part of the dataset satisfied the requirement and the fit
of the dataset to the four-factor model could be validated repeatedly, using an entirely independent sample
for CFA is typically a more exacting validation. In further investigations, it would be more effective to
validate the scale using a newly collected dataset. In addition, the cross-sectional methodology employed
in this study made it challenging to gain insight into the dynamics of changes in the sense of spatial
belonging of individual students. A longitudinal study could be performed on a specific group in the
future to look into the positive effects of altering the four spaces on students’ sense of spatial belonging.
Last but not least, the current scale fails to directly measure the “student-object” interaction because the
measurement items conceptually overlap with—and are difficult to distinguish from—the physical space
dimension. The structural-spatial dimension of this scale measures students’ perceptions of institutional
responses rather than directly measuring individual experiences of external social structures (such as
class or gender). Future research could focus on developing specialized items to test their discriminant
validity relative to the existing dimensions, as well as evaluating the scale’s overall psychometric

properties after these additional items are included.
Conclusion

The concept of spatial belonging is conducive to exploring the impact of diverse spaces on students’
sense of belonging. Informed by the theoretical framework of spatial belonging, this study developed
and validated a four-dimensional scale with twenty-three items to measure university students’ spatial
belonging within the Chinese higher education context. The SBS had good psychometric properties in
terms of internal consistency, convergent validity, discriminant validity, and measurement invariance,
demonstrating the robustness and stability of the questionnaire. The SBS can be applied to empirical
studies on university students’ spatial belongingness, assisting higher education institutions in promoting
students’ sense of belonging through space management and improvement. This study can be further

updated and validated by covering diverse populations in different cultural settings.
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