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Students’ sense of belonging is associated with successful transition into higher education
and a range of positive outcomes including enhanced learning, well-being, and
demonstrated achievement. The COVID-19 pandemic underscored the importance of
belonging as the shift to online learning highlighted the challenges of supporting and
monitoring student belonging. Attending to belonging is not simple, however; students’
experiences with belonging are complex, dynamic, and contextual. In creating a new
agenda connecting the fields of belonging and learning analytics, we propose the idea of
“belonging analytics” to address the challenge of supporting and tracking students’
belonging. In this paper, we discuss how the understanding of belonging may be enhanced
through learning analytics. Advancements in learning analytics, such as digital trace data,
narratives, textual data, or a combination, may be harnessed to gain insights into ongoing
experience of belonging, and consequently to support belonging. We conclude with a set
of open questions to interested researchers and practitioners, to advance the field of
belonging analytics.
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“Belonging” in higher education

Belonging is a fundamental human need, and the desire to belong motivates people to act in ways
that lead to positive social interactions and meaningful personal relationships (Baumeister &
Leary, 1995). Empirical studies demonstrate the link between students’ sense of belonging and
successful transition into higher education (Aradjo et al., 2014; Meehan & Howells, 2019; Tinto,
2003), as well as both academic performance and persistence to graduation (Dewsbury et al.,
2022; Fisher et al., 2019; Strayhorn, 2012). Sense of belonging mitigates stress and improves
students’ mental health and well-being (Allen et al., 2022). It also correlates to post-graduation
employment outcomes (Allen et al., 2022; Strayhorn, 2012).

Because belonging is inherently relational, a student’s sense of belonging emerges from
interactions with others (Kahu & Nelson, 2018). This means that higher education institutions can
enable or constrain a student’s sense of belonging through their curriculum and programming
(Nunn, 2021). Faculty teaching and assessment practices are particularly important for cultivating
student belonging (Felten & Lambert, 2020). The recent pandemic highlighted the importance and
the challenges of teaching and assessing in support of belonging in online environments (Garrad
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& Page, 2022; Lim et al., 2022).

Despite the flood of attention, belonging is a multifaceted concept that is not uniformly defined
(Ahn & Davis, 2020; Kahu et al., 2022). In higher education, scholars (e.g., Asher & Weeks, 2013;
Strayhorn, 2012) tend to describe two core components of belonging as a sense of:

e being valued by and meaningfully involved with others, and
o personal fit with others.

Empirical research points to distinct dimensions of belonging, including academic belonging
as well as social and campus-community belonging (Ahn & Davis, 2020; Kahu et al., 2022).
Because belonging is highly contextual, “experiencing belonging in one of these realms does not
directly translate to belonging in any other realm” (Nunn, 2021, p. 12). Furthermore, students
experience academic belonging at multiple levels — institutional, discipline, or classroom (Kahu
2022; Wilson et al., 2015) — and in different ways over their study trajectory (Kahu et al., 2022).

Recently, scholars have critically questioned the value and utility of using belonging to
understand the experiences of students from groups that are historically excluded from or
marginalised in higher education (Raaper, 2021). For example, in the United States, students of
colour tend to report lower sense of belonging than their White peers (Cole et al., 2020). There is
also a call to focus on the importance of students feeling valued (“‘mattering”) since that is
attainable for all students, whereas “fit” requires a student to assimilate to a dominant culture
(Cook-Sather et al., 2023). These critical scholars stress the importance of student agency in
cultivating their own sense of mattering, and of storytelling and dialogue as means to understand
students’ experiences.

To summarise, belonging is a complex and contested construct, yet overwhelming empirical
evidence demonstrates that aspects of belonging contribute significantly to student learning,
achievement, and thriving. Because higher education staff and institutions can influence students’
sense of belonging, it has become a central facet in higher education reform efforts globally:
“everyone is talking about belonging” (Lu, 2023, p. 1).

The challenge of tracking belonging

A student’s dynamic and contextual experience of belonging presents challenges for tracking and
responding to student needs in a timely manner. Belonging is typically measured with self-report
surveys such as the University Belonging Questionnaire (Slaten et al., 2018). While these capture
snapshots of belonging, care must be exercised in their frequency, in order to obtain quality
responses. Qualitative approaches, including interviews and focus groups, can elicit richer data
about a student’s evolving and situated sense of belonging (Felten & Lambert, 2020; Nunn, 2021),
but are difficult to scale. As well, the increased shift to online learning has meant greater
challenges in monitoring student belonging due to limited interpersonal interactions that offer
opportunities to observe behavioural cues.

We argue that learning analytics (LA) offers the potential to address these challenges,
providing novel and dynamic insights into belonging, helping students better understand and
develop a sense of agency in their own journeys through higher education, and allowing
institutions to be more responsive to students’ evolving experiences and needs. This will require
the integration of rich qualitative data with the power of statistically meaningful quantitative data.
If it is possible to track valid indicators of students’ sense of belonging longitudinally, at scale, in
a timely manner, what we term “Belonging Analytics” could contribute significantly to learning,
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well-being, and equity in higher education.

The emerging landscape of Belonging Analytics

Here we present the nascent landscape of Belonging Analytics. Given its complexity, any
approaches that seek to quantify and reify “belonging” or “mattering” must do so with great care,
otherwise there is a danger of selecting low-level data as “low hanging fruit” (Liu, Rogers, & Pardo,
2015, p. 685) that detract from meaningful insights into students’ belonging. Our proposed
framework follows the learning analytics cycle (Clow, 2012), with data generated by students
being transformed by analytical agents into metrics for feedback. As an organising framework,
Table 1 shows how each of the approaches described next can be located within a two-
dimensional matrix defined by the data source (e.g., student self-report, student artifacts, activity
data traces); and the analytical agent (interpreting the data by student, educator, or computer),
which can be configured to provide diverse forms of data-driven formative feedback to students,
or analytics for educators (the cells). While these examples are not exhaustive, they offer
possibilities with respect to addressing belonging.

Table 1: A framework for Belonging Analytics: Agents, data, feedback.

Analytical Agent

Data sources Student Educator Computer

Student self-report Participatory Narrative Conventional human Dispositional Learning
Coding feedback Analytics

Student artifacts Evaluative judgement Conventional human Writing Analytics

Peer feedback feedback Discourse Analytics

Activity data traces BREIER{e]# (06 [STglENT0] Activity-based Learning Analytics
analyse log data personalised feedback Dashboards

Social network analysis

Each approach (cell) in the matrix brings its own strengths and weaknesses, but combined,
could in principle provide complementary lenses on belonging, at the student, cohort, or
institutional level. The dark blue cells reflect configurations that do not exemplify belonging
analytics (no computational agent involved), and the light blue cells indicate the examples
introduced next.

Dispositional Learning Analytics

Self-report surveys have tended to be used mainly as research instruments, without returning
any feedback to assist respondents. The sub-field of Dispositional Learning Analytics (DLA) has
extended the survey paradigm with approaches that generate instant, personalised feedback. For
instance, the multidimensional construct of Learning Power provides an assessment of lifelong
learning competencies, is assessed via a validated Likert-scale survey, and visualised as a radar
chart accompanied by a personalised feedback report (Buckingham Shum & Deakin Crick, 2012;
Deakin Crick et al., 2015). One of the eight dimensions is belonging, assessed via questions that
target academic belonging specifically. Subsequent research demonstrates that DLA add



LIM ET AL.

explanatory power to models predicting learning outcomes (Tempelaar et al., 2021). We suggest
that DLA could be one approach for students to self-report their belonging at significant junctures,
and obtain instant personalised feedback and supportive advice appropriate to their current sense
of belonging. In addition, the automated feedback could be used to scaffold coaching
conversations with peers or instructors when needed, to close the feedback loop further.

Participatory narrative coding

An approach to the participatory analysis of complex human systems has been in development
for over a decade by Snowden and colleagues (van der Merwe et al., 2019), grounded in the
stories that stakeholders share. Snowden’s work introduces quantification to traditional qualitative
research, through what we call participatory narrative coding, whereby stakeholders use a web
platform? to index their own stories against a range of dimensions (co-designed with stakeholders
by the analytics/facilitation team). Its application to the study of student belonging is exemplified
by Morrison, Young and Elmendorf (2020), in their analysis of minoritised student groups’
experiences of belonging/alienation at an elite university. Figure 1 (top), from a belonging study
at Georgetown University (Morrison et al., 2020), shows how an individual might code their story
against a “triad” of dimensions visualised as a triangle, by dragging a dot to the most appropriate
location in the triangle. From these data points, a cohort visualisation from all participants can be
generated.

Figure 1a: Coding by students of their stories of belonging. Students drag the dot to the location in the
triangle that best reflects their story.

Drag a single dot within the triangle where it best describes the moment you shared in your
story above.

Example Triad: If there was support in my story, it came from:

Georgetown Staff

mainly GU Staff, a little bit
n Family, and a b
m GU Faculty

y GU Staff and
GU Faculty at

PO T froe

y GU Faculty ~ PO car .

- nainly Family 1
m GU Staff

Georgetown Faculty Family

O N/A

1 SenseMaker® https://thecynefin.co/sensemaker/
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Figure 1b: Aggregated codes provide a visual analytic (Morrison et al., 2020). (Note. The two example
triangles illustrate different questions.) Figures used with permission.

At the time of my story, the campus culture felt:

Individualistic

Welcoming Like an environment I'm used to

This approach highlights several hallmarks that resonate with values in belonging research
and practice: story (belonging is about lived experience, and knowing that someone has heard);
student agency (users determine how to code their own stories); stakeholder dialogue
(intentionally simple visualisations); as well as relationships (belonging is inherently relational).
Such visualisations of data from students’ stories, taken at regular intervals, augment student
voice, and can provide snapshots of belonging for timely interventions.

Learning analytics dashboards

In the history of learning analytics, learning analytics dashboards (LADs) were one of the earliest
tools. These systems aggregate students’ digital learning traces, transform them automatically by
algorithms, and present this to stakeholders (Schwendimann et al., 2017). Learning trace data
serve as indicators of behavioural engagement. Given the affective nature of belonging,
behavioural indicators alone are insufficient for gaining deeper insights into this aspect of
students’ subjective experience, or for understanding the diversity of student backgrounds and
experiences (Williamson & Kizilcec, 2022). Notably, affective engagement — i.e., interest and
enthusiasm (Kahu & Nelson, 2018) — is likely to be linked to behavioural engagement, and
influence belonging. For example, studying with peers may foster greater enthusiasm in students,
and increased academic belonging (Fjelkner-Pihl, 2022). Similarly, online behaviours could be
tracked and supported in ways that build student belonging and success (Boroowa & Herodotou,
2022).

We now consider LA approaches that go beyond the aggregation and visualisation of behavioural
traces.
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Social network analysis

Social network analysis (SNA) is a methodological approach involving the study of ties between
individuals in a community. While SNA research in the social sciences has typically relied on
qualitative data from self-reported relations, LA adds a computational element by leveraging data
from digital interactions for analysis, then quantifying and visualising patterns of these relations
through metrics (Poquet & Joksimovic, 2022). These metrics — betweenness centrality, closeness,
degrees — can yield important insights into social processes in digital learning communities (Chen
& Poquet, 2022).

As previously mentioned, belonging is inherently relational. Hence, understanding
relationships and patterns of interactions is particularly important for gaining insight into students’
experience of belonging. While SNA is a key methodology within LA (Poquet & Joksimovi¢, 2022),
only a few studies report using SNA to uncover important insights specific to belonging. Dawson
(2008) applied SNA to forum logs from teaching units to examine patterns of interactions and
relationships. Importantly, the analysis found that students with high betweenness scores (having
diverse social networks) bridged connections between disparate, closed friendship groups. This
early work highlights the significance of understanding “the position an individual occupies in the
social network” (Dawson, 2008, p. 236), and how such findings can inform about the dynamics of
belonging in digital environments. SNA tools have been developed to monitor student interactions
at scale. A well-known example is SNAPP, the Social Networks Adapting Pedagogical Practice
(Dawson et al., 2010; Kitto et al., 2016), an instructor-facing tool designed to capture automatically
and to visualise student interactions for feedback to students about their interactions. SNAPP was
aligned to the recognition that attention to social metrics was important for fostering participation,
belonging, and ultimately, academic success (Dawson et al., 2010). More recently, de Medeiros
et al. (2022) presented AMADEUS-SIMM, another instructor-facing tool, aimed at fostering
belonging by monitoring and supporting student interactions. Initial experiments showed an
increase in group cohesion when the course instructor acted on the information provided by the
tool. This finding demonstrates how SNA interventions can have a positive impact on belonging.

Presently, SNA tools have yet to be implemented widely and to show consistent evidence of
positive impact specifically on belonging. However, these few examples illustrate the potential for
the wider use of metrics from social interactions to inform students’ belonging, to monitor and
support student interactions and, therefore, to foster community, especially in digital environments
where interactions can be difficult to observe.

Writing and discourse analytics

While ubiquitous, clickstream data vary with respect to their quality; specifically, large, fine-
grained datasets are needed for more accurate insights into the complexities of learning, such as
engagement. However, not all learning environments provide such fine-grained data in order to
yield rich insights. Alternatively, textual data abound from various sources — students’ essays,
discussion forums, open-ended survey responses, and interviews. Posts from student discussion
forums have been identified as a viable source of data to uncover students’ emotions, through
sentiment analysis (Wen, Yang, & Rosé, 2014). In addition, students’ reflective writing has been
found to offer insights into cognitive engagement, for example critical thinking (Kovanovi¢ et al.,
2018) and depth of reflection (Barthakur et al., 2022). Research has also explored the automated
detection of affect in student feedback survey data (e.g., Bringula et al., 2022), which addresses
the affective nature of belonging. Given the pace of advancement in text-mining approaches, and



BELONGING ANALYTICS

the availability of text data, it is timely to explore textual data for insights into students’ belonging.
Reflective writing, in particular, when designed well, gives students an opportunity to tell their
stories of developing thought and identities, offering a window into their affective and cognitive
engagement (Buckingham Shum et al., 2017). For example, students may be prompted at the
end of each year of their study to reflect on their developing identities as professionals. Students’
reflections in this context would present opportunities for gaining insights into belonging at the
discipline level, and address the challenge of tracking this longitudinally as noted previously.

Activity-based personalised feedback

A key vision of learning analytics is to support students in gaining insights into their engagement,
thereby closing the feedback loop (Clow, 2012). In line with this mission, there now exist “systems
that care” (du Boulay et al., 2010) that personalise feedback and support to address students’
motivation, metacognition, and affect; for example, ECoach (Matz et al., 2021), OnTask (Pardo
et al., 2018), and the Student Relationship Engagement System, SRES (Liu et al., 2017). Such
systems have shown promising outcomes relating to student performance and self-regulated
learning, with some suggested impact on students’ sense of belonging (e.g., Arthars et al., 2019;
Lim et al., 2022).

Currently, personalised support systems draw mainly on learning activity data. We propose
that the identification of belonging analytics would enable educators to tailor timely feedback and
support to students in order to foster their belonging. For example, the analytical agent (refer to
Table 1) may sense an abrupt and sustained shift in patterns of learning management system
(LMS) behaviour which could then trigger a response — either by the educator or machine — to
reach out with personalised advice or support to the student. Much care, however, should be
taken not to assume an issue with belonging, but to invite the student to “a conversation to clarify,
confirm and offer support” (Prinsloo, 2019, p. 6). Additional survey data on students’ self-reported
belonging could then be used to triangulate the behavioural indicators automatically captured in
digital systems and tools. Moreover, considering the limitations of behavioural indicators (see
section “Learning analytics dashboards”), textual, narrative data may be captured periodically,
and automated detection techniques employed to identify quickly students’ current state of
belonging. The results of all these analyses can then be used to guide personalised feedback and
support.

Open questions to advance the field

To summarise, belonging is undoubtedly a priority in higher education, yet its complexity and
dynamic nature present challenges in addressing this important aspect of the student experience.
In this paper, we have outlined a range of Learning Analytics approaches within a framework of
Belonging Analytics (Table 1). We have proposed new ways of monitoring and supporting student
belonging over time and at scale, harnessing a variety of data sources. We recognise that much
work is needed to ensure that data sources to inform belonging are firmly grounded in theories of
belonging, and that analytical approaches are not biased or increasing inequity. From these ideas,
we suggest the following questions that, while not exhaustive, would in our view progress this line
of research and practice.

Definitional questions:

o To what extent are students’ and staff perspectives of belonging aligned, and how do we
bring students’ and staff voices into dialogue for participatory design?
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o If the recent critiques of “belonging” transition into more focus on “mattering” without a
student having to assimilate into the university culture, what are the implications for LA?

Technical questions:

¢ Intrying to quantify belonging, what value is provided by data at different levels of belonging:
classroom, discipline, institution/campus?

e What are key ethical considerations when trying to track belonging with data?
Research and practice questions:
¢ How do students’ “belonging analytics trajectories” vary with demographics or disciplines?

e How does the impact on students’ belonging differ with the use of different belonging
analytics approaches?

We hope this proposal to use Learning Analytics to build students’ sense of belonging excites
the reader, and we welcome responses from the community on the arguments and examples we
have presented.

Lift Learning

The authors recently presented on the topic of Belonging Analytics at Indiana University’s 5th
International Learning Analytics Summit. Engage with part of this discussion through this article’s
companion LIFT Learning site where the authors describe their proposition and lay out the key
concepts and challenges associated with belonging. As part of this, the authors discuss the case
study presented in the article in greater detail, and provide additional contextual information that
enhances the reader’s understanding of the proposal. The LIFT Learning site is available at
https://apps.lift.c3l.ai/learning/course/course-v1:L EARNINGLETTERS+0104+2023

Funding

The author(s) declared no financial support for the research, authorship, and/or publication of
this article.

Disclosure statement

The author(s) declared no potential conflicts of interest concerning the research, authorship,
and/or publication of this article.

About the authors

Lisa-Angelique Lim is a Postdoctoral Research Fellow with the Connected Intelligence Centre at
the University of Technology Sydney. Lisa’'s research explores how learning analytics can be
harnessed to support students’ learning and to enhance the learning experience, and documents
the impact of these explorations. She has published in several top journals and conferences in
the fields of education and learning analytics. In addition to research, Lisa’s work involves
partnering with educators to explore best practices in the implementation of learning analytics
interventions within their learning design.

ORCID: http://orcid.org/0000-0002-3517-8269

Simon Buckingham Shum is Professor of Learning Informatics at the University of Technology
Sydney where he serves as inaugural director of the Connected Intelligence Centre (CIC). CIC is


https://apps.lift.c3l.ai/learning/course/course-v1:LEARNINGLETTERS+0104+2023
http://orcid.org/0000-0002-3517-8269

BELONGING ANALYTICS

a transdisciplinary innovation centre inventing, piloting, evaluating, and scaling data-driven
personalised feedback to students. Prior to this he was Associate Director (Technology) and
Professor at the UK Open University’s Knowledge Media Institute (1995-2014). Simon’s career-
long fascination with software’s ability to make thinking visible has seen him active in communities
spanning Hypertext, Design Rationale, Open Scholarly Publishing, Semantic Web, Computational
Argumentation, Computer-Supported Cooperative Work, Educational Technology and Learning
Analytics/Al in Education. He has worked over the last decade to help establish the field of
Learning Analytics, co-founding the Society for Learning Analytics Research, and helping to
catalyse subfields including Social Learning Analytics, Dispositional Learning Analytics and
Writing Analytics.

ORCID: https://orcid.org/0000-0002-6334-7429

Peter Felten is Professor of History, Executive Director of the Center for Engaged Learning, and
Assistant Provost for Teaching and Learning at Elon University, in the United States. His research
focuses on learning, teaching, engagement, relationships, and institutional improvement. Peter
has published seven books about undergraduate education, including Connections are
Everything: A College Student’s Guide to Relationship-Rich Education (Johns Hopkins University
Press, 2023) co-authored by Isis Artze-Vega, Leo Lambert, and Oscar Miranda Tapia — with an
open access online version free to all readers. He has served as president of the International
Society for the Scholarship of Teaching and Learning (ISSOTL) and also of the POD Network,
the U.S. professional society for educational developers. He is on the advisory board of the
National Survey of Student Engagement (NSSE) and is a fellow of the Gardner Institute.

ORCID: https://orcid.org/0000-0003-0739-7680

Jennifer K. Uno is an Associate Professor of Biology and an Associate Director of the Center for
the Advancement of Teaching and Learning at Elon University. Jen is passionate about sharing
her love of human physiology and anatomy using innovative teaching and learning strategies to
connect with her students in meaningful ways. Jen’s scholarly interests are focused on
gastrointestinal physiology with a focus on the gut brain axis, and she actively works to cultivate
student interests in science through mentored research experiences. Additionally, Jen is active in
diversity, equity, and inclusion initiatives within the STEM community at Elon. She currently holds
a lead role in a multi-year, multi-institutional grant supported by the Howard Hughes Medical
Institute. The grant focuses on inclusive teaching in STEM, aimed at fostering a strong sense of
belonging among underrepresented STEM students and assessing effective strategies that
promote an inclusive environment for all individuals in the field of STEM.

References

Ahn, M. Y., & Davis, H. H. (2020). Four domains of students’ sense of belonging to university. Studies in
Higher Education, 45(3), 622—-634. https://doi.org/10.1080/03075079.2018.1564902

Allen, K. A., Gray, D. L., Baumeister, R. F., & Leary, M. R. (2022). The need to belong: A deep dive into the
origins, implications, and future of a foundational construct. Educational Psychology Review, 34(2),
1133-1156. https://doi.org/10.1007/s10648-021-09633-6

Aratjo, N., Carlin, D., Clarke, B., Morieson, L., Lukas, K., & Wilson, R. (2014). Belonging in the first year:
A creative discipline cohort case study. The International Journal of the First Year in Higher Education,
5(2), 21-31. https://doi.org/10.5204/intjifyhe.v5i2.240

Arthars, N., Dollinger, M., Vigentini, L., Liu, D. Y.-T., Kondo, E., & King, D. M. (2019). Empowering teachers
to personalize learning support. In D. Ifenthaler, D.-K. Mah, & J. Y.-K. Yau (Eds.), Utilizing learning



https://orcid.org/0000-0002-6334-7429
https://muse.jhu.edu/pub/1/oa_monograph/book/111986
https://muse.jhu.edu/pub/1/oa_monograph/book/111986
https://issotl.com/
https://issotl.com/
https://podnetwork.org/
https://nsse.indiana.edu/
https://www.jngi.org/
https://orcid.org/0000-0003-0739-7680
https://doi.org/10.1080/03075079.2018.1564902
https://doi.org/10.1007/s10648-021-09633-6
https://doi.org/10.5204/intjfyhe.v5i2.240

LIM ET AL.

analytics to support study success (pp. 223-248). Springer International Publishing.
https://doi.org/10.1007/978-3-319-64792-0 13

Asher, S. R., Weeks, M. R. (2013). Loneliness and belongingness in the college years. In R. Coplan, & J.
Bowker (Eds.), The handbook of solitude: Psychological perspectives on social isolation, social
withdrawal, and being alone (pp. 283-301). Wiley.

Barthakur, A., Joksimovic, S., Kovanovic, V., Mello, R. F., Taylor, M., Richey, M., & Pardo, A. (2022).
Understanding depth of reflective writing in workplace learning assessments using machine learning
classification. IEEE  Transactions on Learning Technologies, 15(5), 567-578.
https://doi.org/10.1109/TLT.2022.3162546

Baumeister, R. F., & Leary, M. R. (1995). The need to belong: Desire for interpersonal attachments as a
fundamental human motivation. Psychological Bulletin, 117(3), 497-529. https://doi.org/10.1037/0033-
2909.117.3.497

Boroowa, A., & Herodotou, C. (2022). Learning analytics in open and distance higher education: The case
of the Open University UK. In P. Prinsloo, S. Slade, & M. Khalil (Eds.), Learning analytics in open and
distributed learning: Potential and challenges (pp. 47-62). Springer Nature Singapore.
https://doi.org/10.1007/978-981-19-0786-9 4

Bringula, R., Ulfa, S., Miranda, J. P. P., & Atienza, F. A. L. (2022). Text mining analysis on students’
expectations and anxieties towards data analytics course. Cogent Engineering, 9(1), 2127469.
https://doi.org/10.1080/23311916.2022.2127469

Buckingham Shum, S., & Deakin Crick, R. (2012). Learning dispositions and transferable competencies:
Pedagogy, modelling and learning analytics. Proceedings of the 2nd International Conference on
Learning Analytics and Knowledge (pp. 92-101). Association for Computing Machinery.
https://doi.org/10.1145/2330601.2330629

Buckingham Shum, S., Sandor, A., Goldsmith, R., Bass, R., & McWilliams, M. (2017). Towards reflective
writing analytics: Rationale, methodology and preliminary results. Journal of Learning Analytics, 4(1),
58-84. https://doi.org/10.18608/jla.2017.41.5

Chen, B., & Poquet, O. (2022). Networks in learning analytics: Where theory, methodology, and practice
intersect. Journal of Learning Analytics, 9(1), 1-12. https://doi.org/10.18608/jla.2022.7697

Clow, D. (2012). The learning analytics cycle: Closing the loop effectively. In S. Buckingham Shum, D.
Gasevi¢, & R. Ferguson (Eds.), LAK ’12: Proceedings of the 2nd International Conference on Learning
Analytics & Knowledge (pp. 134-138). Association for Computing Machinery.

Cole, D., Newman, C. B., & Hypolite, L. I. (2020). Sense of belonging and mattering among two cohorts of
first-year students participating in a comprehensive college transition program. American Behavioral
Scientist, 64(3), 276—297. https://doi.org/10.1177/0002764219869417

Cook-Sather, A., Felten, P., Stewart, K., & Weston, H. (2023). Reviving the construct of “mattering” in
pursuit of equity and justice in higher education. In E. Rueda, & C. Lowe-Swift (Eds.), Academic
belonging in higher education: Fostering student connection, competence, and confidence.
[forthcoming]. Routledge.

Dawson, S. (2008). A study of the relationship between student social networks and sense of community.
Journal of Educational Technology & Society, 11(3), 224-238.

Dawson, S., Bakharia, A., & Heathcote, E. (2010). SNAPP: Realising the affordances of real-time SNA
within networked learning environments. In Proceedings of the 7th International Conference on
Networked Learning (pp. 125-133).

Deakin Crick, R., Huang, S., Ahmed-Shafi, A., & Goldspink, C. (2015). Developing resilient agency in
learning: The internal structure of learning power. British Journal of Educational Studies, 63(2), 121—
160. https://doi.org/10.1080/00071005.2015.1006574

Dewsbury, B. M., Swanson, H. J., Moseman-Valtierra, S., & Caulkins, J. (2022). Inclusive and active
pedagogies reduce academic outcome gaps and improve long-term performance. PloS ONE, 17(6),
€0268620. https://doi.org/10.1371/journal.pone.0268620

de Medeiros, F. P. A., & Gomes, A. S. (2022). An Approach based on Social Network Analysis to enhance

10


https://doi.org/10.1007/978-3-319-64792-0_13
https://doi.org/10.1109/TLT.2022.3162546
https://doi.org/10.1037/0033-2909.117.3.497
https://doi.org/10.1037/0033-2909.117.3.497
https://doi.org/10.1007/978-981-19-0786-9_4
https://doi.org/10.1080/23311916.2022.2127469
https://doi.org/10.1145/2330601.2330629
https://doi.org/10.18608/jla.2017.41.5
https://doi.org/10.18608/jla.2022.7697
https://doi.org/10.1177/0002764219869417
https://doi.org/10.1080/00071005.2015.1006574
https://doi.org/10.1371/journal.pone.0268620

BELONGING ANALYTICS

social presence in a collaborative learning environment. IEEE Transactions on Education, 65(4), 608-
616. https://doi.org/10.1109/TE.2022.3154935

du Boulay, B., Avramides, K., Luckin, R., Martinez-Mirén, E., Méndez, G. R., & Carr, A. (2010). Towards
systems that care: A conceptual framework based on motivation, metacognition and affect.
International Journal of Artificial Intelligence in Education, 20, 197—-229. https://doi.org/10.3233/JAI-
2010-0007

Felten, P., & Lambert, L. M. (2020). Relationship-rich education: How human connections drive success in
college. Johns Hopkins University Press.

Fisher, A. J., Mendoza-Denton, R., Patt, C., Young, |., Eppig, A., Garrell, R. L., Rees, D. C., Nelson, T. W.,
& Richards, M. A. (2019). Structure and belonging: Pathways to success for underrepresented minority
and women PhD students in STEM fields. PloS ONE, 14(1), e0209279.
https://doi.org/10.1371/journal.pone.0209279

Fjelkner-Pihl, A. (2022). The constructive overlap: A study of multiplex ties in students’ study-related
networks and academic performance. Innovative Higher Education, 47, 273-295.
https://doi.org/10.1007/s10755-021-09576-4

Garrad, T.-A., & Page, A. (2022). From face-to-face to the online space: The continued relevance of
connecting students with each other and their learning post COVID-19. Frontiers in Education, 7.
https://doi.org/10.3389/feduc.2022.808104

Kahu, E. R., Ashley, N., & Picton, C. (2022). Exploring the complexity of first-year student belonging in
higher education: Familiarity, interpersonal, and academic belonging. Student Success, 13(2), 10-20.
https://search.informit.org/doi/10.3316/informit.544244789917082

Kahu, E. R., & Nelson, K. (2018). Student engagement in the educational interface: Understanding the
mechanisms of student success. Higher Education Research & Development, 37(1), 58-71.
https://doi.org/10.1080/07294360.2017.1344197

Kitto, K., Bakharia, A., Lupton, M., Mallet, D., Banks, J., Bruza, P., Pardo, A., Buckingham Shum, S.,
Dawson, S., Gasevi¢, D., Siemens, G., & Lynch, G. (2016). The connected learning analytics toolkit.
In D. Gasevi¢, G. Lynch, S. Dawson, H. Drachsler, & C. P. Rosé (Eds.), LAK "16: Proceedings of the
6th International Conference on Learning Analytics & Knowledge (pp. 548-549). Association for
Computing Machinery. https://doi.org/10.1145/2883851.2883881

Kovanovié¢, V., Joksimovi¢, S., Mirriahi, N., Blaine, E., GaSevi¢, D., Siemens, G., & Dawson, S. (2018).
Understand students’ self-reflections through learning analytics. In D. Ga8evi¢, G. Lynch, S. Dawson,
H. Drachsler, & C. P. Rosé (Eds.), LAK ’16: Proceedings of the 6th International Conference on
Learning Analytics & Knowledge. (pp. 389-398) Association for Computing Machinery.
https://doi.org/10.1145/3170358.3170374

Lim, L., Atif, A., & Farmer, I. (2022). “Made good connections”: Amplifying teacher presence and belonging
at scale through learning design and personalised feedback. Proceedings ASCILITE 2022: 39th
International Conference on Innovation, Practice and Research in the Use of Educational
Technologies in Tertiary Education. e22055. https://doi.org/10.14742/apubs.2022.55

Liu, D. Y.-T., Bartimote-Aufflick, K., Pardo, A., & Bridgeman, A. J. (2017). Data-driven personalization of
student learning support in higher education. In A. Pefia-Ayala (Ed.), Learning analytics: Fundaments,
applications, and trends. A view of the current state of the art to enhance e-Learning (pp. 143-169).
Springer. https://doi.org/10.1007/978-3-319-52977-6

Liu, D. Y.-T., Rogers, T., & Pardo, A. (2015). Learning analytics - Are we at risk of missing the point? In T.
Reiners, B. R. von Konsky, T. D. Gibson, V. Chang, L. Irving, & K. Clarke (Eds.), Globally connected,
digitally enabled. Proceedings of the 32nd ASCILITE Conference (pp. DP:33-DP:36).

Lu, A. (2023). Everyone is talking about “belonging”: What does it really mean? Chronicle of Higher
Education (February 13). https://www.chronicle.com/article/everyone-is-talking-about-belonging

Matz, R. L., Schulz, K. W., Hanley, E. N., Derry, H. A., Hayward, B. T., Koester, B. P., Hayward, C., &
McKay, T. (2021). Analyzing the efficacy of ECoach in supporting gateway course success through
tailored support. In M. Scheffel, N. Dowell, S. Joksimovi¢, & G. Siemens (Eds.), LAK '21: Proceedings
of the 11th International Conference on Learning Analytics & Knowledge (pp. 216—225). Association

11


https://doi.org/10.1109/TE.2022.3154935
https://doi.org/10.3233/JAI-2010-0007
https://doi.org/10.3233/JAI-2010-0007
https://doi.org/10.1371/journal.pone.0209279
https://doi.org/10.1007/s10755-021-09576-4
https://doi.org/10.3389/feduc.2022.808104
https://search.informit.org/doi/10.3316/informit.544244789917082
https://doi.org/10.1080/07294360.2017.1344197
https://doi.org/10.1145/2883851.2883881
https://doi.org/10.1145/3170358.3170374
https://doi.org/10.14742/apubs.2022.55
https://doi.org/10.1007/978-3-319-52977-6
https://www.chronicle.com/article/everyone-is-talking-about-belonging

LIM ET AL.

for Computing Machinery. https://doi.org/https://doi.org/10.1145/3448139.3448160

Meehan, C., & Howells, K. (2019). In search of the feeling of “belonging” in higher education: Undergraduate
students transition into higher education. Journal of Further and Higher Education, 43(10), 1376—1390.
https://doi.org/10.1080/0309877X.2018.1490702

Morrison, M., Young, T., & Elmendorf, H. (2020). A student sense of belonging at Georgetown: First
generation undergraduate student experiences. Georgetown University, Washington, D.C.
http://thehub.georgetown.domains/realhub/experience/student-sense-of-belonging-at-georgetown-
first-generation-undergraduate-student-experiences/

Nunn, L. M. (2021). College belonging: How first-year and first-generation students navigate campus life.
Rutgers University Press.

Pardo, A., Bartimote-Aufflick, K., Buckingham Shum, S., Dawson, S., Gao, J., Gasevi¢, D., . . ., & Vigentini,
L. (2018). OnTask: Delivering data-informed personalized learning support actions. Journal of
Learning Analytics, 5(3), 235—-249. https://doi.org/http://dx.doi.org/10.18608/jla.2018.53.15

Poquet, O., & Joksimovi¢, S. (2022). Cacophony of networks in learning analytics. In Handbook of learning
analytics (2nd ed.). Society for Learning Analytics Research (SOLAR).
https://doi.org/10.18608/hla22.004

Prinsloo, P. (2019). Tracking (un) belonging: At the intersections of human-algorithmic student support. In
Proceedings of the 9th PCF Conference. http://hdl.handle.net/11599.3373

Raaper, R. (2021). Contemporary dynamics of student experience and belonging in higher education.
Critical Studies in Education, 62(5), 537-542. https://doi.org/10.1080/17508487.2021.1983852

Schwendimann, B. A., Rodriguez-Triana, M. J., Prieto, L. P., Boroujeni, M. S., Holzer, A., Gillet, D., &
Dillenbourg, P. (2017). Perceiving learning at a glance: A systematic literature review of learning
dashboard research. IEEE Transactions on Learning Technologies, 10(1), 30-41.
https://doi.org/0.1109/TLT.2016.2599522

Slaten, C. D., Elison, Z. M., Deemer, E. D., Hughes, H. A., & Shemwell, D. A. (2018). The development and
validation of the university belonging questionnaire. The Journal of Experimental Education, 86(4),
633—651. https://doi.org/10.1080/00220973.2017.1339009

Strayhorn, T. (2012). College students’ sense of belonging. Routledge.

Tempelaar, D., Rienties, B., & Nguyen, Q. (2021). The contribution of dispositional learning analytics to
precision education. Educational Technology & Society, 24(1), 109-122.
https://www.jstor.org/stable/26977861

Tinto, V. (2003). Student success and the building of involving educational communities (Vol. 2). Higher
Education Monograph Series, Syracuse University.

van der Merwe, L., Biggs, R., Preiser, R., Cunningham, C., Snowden, D., O’Brien, K., Jenal, M., Vosloo,
M., Blignaut, S., & Goh, Z. (2019). Making sense of complexity: Using SenseMaker as a research tool.
Systems, 7, 25. https://doi.org/10.3390/systems7020025

Wen, M., Yang, D., & Rosé, C. P. (2014). Sentiment analysis in MOOC discussion forums: What does it tell
us? In Educational Data Mining 2014 (pp. 130-137).
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.728.1722&rep=repl&type=pdf

Williamson, K., & Kizilcec, R. (2022). A review of learning analytics dashboard research in higher education:
Implications for justice, equity, diversity, and inclusion. In A. Wise, R. Martinez-Maldonado, & I. Hilliger
(Eds.), LAK "22: Proceedings of the 12th International Conference on Learning Analytics & Knowledge
(pp. 260-270). Association for Computing Machinery. https://doi.org/10.1145/3506860.3506900

Wilson, D., Jones, D., Bocell, F., Crawford, J., Kim, M. J., Veilleux, N., Floyd-Smith, T., Bates, R., & Plett,
M. (2015). Belonging and academic engagement among undergraduate STEM students: A multi-
institutional study. Research in Higher Education, 56(7), 750-776. https://doi.org/10.1007/s11162-
015-9367-x

12


https://doi.org/https:/doi.org/10.1145/3448139.3448160
https://doi.org/10.1080/0309877X.2018.1490702
http://thehub.georgetown.domains/realhub/experience/student-sense-of-belonging-at-georgetown-first-generation-undergraduate-student-experiences/
http://thehub.georgetown.domains/realhub/experience/student-sense-of-belonging-at-georgetown-first-generation-undergraduate-student-experiences/
https://doi.org/http:/dx.doi.org/10.18608/jla.2018.53.15
https://doi.org/10.18608/hla22.004
http://hdl.handle.net/11599.3373
https://doi.org/10.1080/17508487.2021.1983852
https://doi.org/0.1109/TLT.2016.2599522
https://doi.org/10.1080/00220973.2017.1339009
https://www.jstor.org/stable/26977861
https://doi.org/10.3390/systems7020025
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.728.1722&rep=rep1&type=pdf
https://doi.org/10.1145/3506860.3506900
https://doi.org/10.1007/s11162-015-9367-x
https://doi.org/10.1007/s11162-015-9367-x

