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ABSTRACT

The rapid shift to online learning environments during and after the COVID-19 pandemic has
highlighted the critical role of students’ physical surroundings in shaping educational outcomes. This
manuscript examines how two environmental factors—ambient noise levels and the spatial
characteristics of learning spaces—affect attention, engagement, and academic performance in
synchronous online classes. A mixed-methods design was employed, combining quantitative surveys (n
= 250) assessing perceived noise disturbance and spatial adequacy with qualitative interviews (n = 30)
exploring lived experiences. Results indicate that high ambient noise correlates with decreased
concentration (r = —0.52, p < 0.001) and that inadequate workspace (e.g., cramped quarters, poor
ergonomics) is associated with lower self-reported engagement (r = —0.47, p < 0.001). Interview data
reveal that students adapt through noise-mitigation strategies (e.g., headphones, white noise apps) and
spatial reconfiguration when feasible. Further analysis shows that these adaptations, while helpful,
often introduce new challenges—such as discomfort from prolonged headphone use or reduced
collaborative learning when retreating to isolated spaces. Additionally, demographic factors (e.g.,
household size, socioeconomic status) moderated the degree to which students could implement such

strategies effectively.

Beyond individual coping mechanisms, institutional and policy-level interventions emerged as crucial
for equitable online education. Recommendations include guidance on low-cost physical adaptations,
establishment of community “learning hubs” for those lacking adequate home space, and redesigning
curricula to integrate asynchronous activities that accommodate environmental variability. By situating
environmental psychology within digital pedagogy, this study not only quantifies the impact of noise
and space on learning but also offers a roadmap for educators and policymakers to foster inclusive,
resilient online learning ecosystems. These findings advance the field by bridging theoretical models of
attention and ergonomics with the practical realities of home-based education, ultimately contributing

to more effective and equitable digital learning experiences.
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INTRODUCTION

The global embrace of online education, accelerated by pandemic-related school closures, has irrevocably
altered teaching and learning paradigms. Whereas traditional classrooms are designed to minimize distractions
and optimize student focus through controlled acoustics and ergonomically planned layouts, home
environments vary widely in their capacity to support sustained academic engagement. In many regions,
learners contend with unpredictable ambient noise—ranging from street traffic and household activities to

construction—and spatial constraints imposed by limited living quarters.

Research in environmental psychology underscores that distractions in one’s surroundings can significantly
impair cognitive processes such as working memory, selective attention, and problem-solving (Evans &
Stecker, 2004). Simultaneously, ergonomics and spatial design literature emphasize that physical comfort and
adequate workspace dimensions enhance both motivation and performance (Vischer, 2007). However,

empirical investigations specifically addressing these factors within online learning contexts remain sparse.

This study aims to fill that gap by systematically examining how noise and spatial characteristics of home
learning spaces influence students’ self-reported engagement, perceived learning quality, and objective

performance in live online classes. By integrating quantitative measures with qualitative insights, we seek to
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develop a nuanced understanding that can inform policy recommendations and practical interventions for

educators, institutions, and families.
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Fig.2 Student Engagement, Source:2

LITERATURE REVIEW

Noise and Cognitive Performance

Decades of research have established that ambient noise detrimentally affects attention and memory.
Broadbent’s (1978) early filter model posited that extraneous auditory stimuli compete with focal information
for processing resources, leading to greater cognitive load. More recent work using laboratory paradigms
corroborates that even moderate noise (50—-60 dB) can elongate task completion times and increase error rates

on attention-demanding tasks (Sorqvist & Marsh, 2015).

In educational settings, studies have linked classroom noise—whether external (e.g., traffic) or internal (e.g.,
peer chatter)—to declines in reading comprehension and math achievement among school-age children
(Shield & Dockrell, 2003). While controlled classroom design can mitigate such effects, home environments

often lack such safeguards, resulting in variable noise exposures.
Spatial Environment and Learning

Spatial factors—including desk size, seating quality, and room layout—play a critical role in maintaining
student comfort and attention. Ergonomic interventions in office settings demonstrate that adjustable
workstations reduce musculoskeletal strain and support longer periods of concentration (Dul & Weerdmeester,
2008). In educational contexts, Vischer (2011) highlighted that adequate personal space correlates with

increased perceived autonomy and engagement.
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Yet, in many households—particularly in urban centers with high population density—students must study in
multi-purpose rooms with limited privacy and suboptimal furniture. Such constraints can exacerbate fatigue

and distractibility, undermining the benefits of digital pedagogies designed to foster active learning.
Online Learning and Environmental Challenges

Online synchronous classes introduce additional environmental demands. Learners must simultaneously view
visual materials, listen to instructors, and often vocalize responses, requiring clear auditory channels and stable
physical postures. Technical disruptions (e.g., poor internet) compound environmental stressors, leading to
“cognitive overload”. While digital platforms offer features such as virtual backgrounds to mask visual clutter,

analogous solutions for mitigating noise and spatial issues are less prevalent.

A few emerging studies during the pandemic have begun to document students’ adaptive behaviors—such as
the use of noise-cancelling headsets or seat cushions—and call for institutional support in the form of grants

or equipment loans. However, systematic evaluation of these adaptations’ efficacy remains lacking.
Educational Implications
1. Guidance on Home Learning Environments

o Institutions should develop resource guides illustrating low-cost modifications (e.g.,
rearranging furniture to face away from noise sources, using thick curtains as acoustic

dampeners).

o Educators can incorporate a brief “environment check™ at the start of each term, prompting

students to assess and optimize their setup.
2. Policy Recommendations for Equity

o Recognizing that not all students can afford ergonomic furniture or dedicated study rooms,
policymakers should consider subsidized equipment loans or community-based “learning

hubs” with socially distanced stations.

o Schools might partner with public libraries or community centers to provide quiet, adequately

spaced workstations for online classes.
3. Pedagogical Adjustments

o Incorporate asynchronous content (recorded lectures, discussion boards) to reduce reliance on

live sessions, allowing students to engage when their environment is most conducive.
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o Use shorter synchronous segments interspersed with individual or small-group work that can

be completed offline, mitigating continuous exposure to stressful environments.
4. Technology-Mediated Solutions

o Integrate noise-detection algorithms in conferencing platforms to alert presenters when

background noise exceeds thresholds, prompting automatic muting or visual cues.

o Offer built-in white noise or sound-masking options within educational apps to help drown out

disruptive sounds.
METHODOLOGY

Research Design

A mixed-methods approach combined cross-sectional surveys with in-depth interviews to capture both

quantitative associations and rich qualitative narratives regarding environmental influences on online learning.
Participants

A total of 250 undergraduate and graduate students (ages 18-30; 58% female, 42% male) from three
universities participated in the survey phase. From this cohort, 30 volunteers representing diverse living
situations (e.g., shared apartments, family homes, dormitories) were purposively sampled for semi-structured

interviews.
Measures

e Noise Disturbance Scale (NDS): A validated 7-item self-report instrument measuring perceived

interference from ambient sounds (o = 0.88).

e Spatial Adequacy Questionnaire (SAQ): A researcher-developed 8-item scale assessing desk

dimensions, seating comfort, room lighting, and privacy (o = 0.85).

o Engagement and Concentration Index (ECI): A composite of self-reported attention lapses and

perceived learning quality during synchronous sessions.

e Academic Performance: Participants provided consent to report their most recent online course

grades for objective comparison.
Procedure

Surveys were administered online via a secure platform during midterm weeks to capture typical study

conditions under academic load. Interviews, conducted via video call, explored themes such as
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noise-mitigation strategies, spatial adaptations, and emotional responses to environmental constraints. All
sessions were recorded, transcribed verbatim, and coded following Braun and Clarke’s (2006) thematic

analysis framework.
Data Analysis

Quantitative data were analyzed using SPSS v26. Pearson correlations assessed relationships among noise
disturbance, spatial adequacy, engagement, and performance. Hierarchical regression models tested the
predictive power of environmental factors on academic outcomes, controlling for demographic variables.
Qualitative transcripts were coded inductively, and emergent themes were triangulated with survey findings

to enrich interpretation.
RESULTS
Quantitative Findings

o Noise and Engagement: Noise disturbance was negatively correlated with the ECI (r = —0.52, p <

0.001), indicating that higher perceived noise corresponded to more frequent attention lapses.

e Space and Engagement: Spatial adequacy positively predicted engagement (r = 0.61, p < 0.001).

Students reporting ergonomic setups and adequate desk space experienced fewer concentration breaks.

e Academic Performance: In regression analyses, noise disturbance accounted for 18% of variance in
course grades (B =—-0.43, p <0.001), and spatial adequacy explained an additional 12% ( =0.35, p <
0.001) after controlling for GPA and year of study.

Qualitative Themes

1. Adaptation through Technology: Many students adopted noise-cancelling headphones or

smartphone apps generating ambient white noise to mask disruptions.

2. Spatial Reconfiguration Efforts: Participants described creative solutions such as using foldable
tables in hallways, repurposing books to elevate laptops for better posture, and taking outdoor study

“breaks” when feasible.

3. Emotional Impact: Persistent noise and cramped spaces contributed to frustration, anxiety, and

sometimes avoidance of live sessions, preferring to catch recordings later.

4. Equity Concerns: Students from larger households—often with siblings sharing space—reported
greater difficulty finding quiet, especially during peak hours when multiple family members were

online.
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CONCLUSION

This study demonstrates that ambient noise and spatial characteristics of home learning environments
significantly influence students’ engagement, concentration, and academic performance in online classes.
High noise levels detract from focus, while ergonomic and spacious setups bolster sustained attention.
Qualitative insights reveal practical adaptation strategies but also highlight inequities rooted in housing

conditions.

Importantly, the interplay between environmental stressors and learner well-being extends beyond academic
metrics. Persistent noise and cramped spaces not only impair cognitive function but also elevate stress and
anxiety, potentially diminishing motivation over time. For some students, repeated disruptions lead to a
preference for asynchronous learning, which can erode opportunities for real-time interaction and peer

collaboration—elements critical for social learning and emotional support.

Educational stakeholders should prioritize support measures ranging from resource guides and institutional
policies for equipment loans to pedagogical redesign favoring blended synchronous—asynchronous models.
Specifically, universities and schools might implement (1) targeted grants for noise-dampening materials and
ergonomic furniture; (2) partnerships with libraries or community centers to establish quiet study zones; and
(3) training for instructors on conducting “environment audits” that sensitively assess and address students’

home learning needs.

Future research could explore longitudinal interventions that track academic and psychosocial outcomes
following environmental modifications. Investigating technology-mediated solutions—such as real-time
noise-level monitoring in videoconferencing platforms or virtual reality “quiet rooms”—may also yield
innovative approaches to mitigating home distractions. Moreover, extending this inquiry to K—12 populations
and diverse cultural contexts will deepen understanding of how age, family dynamics, and living arrangements

shape online learning experiences.

By acknowledging and addressing the physical dimensions of digital education, educators can design more
holistic and equitable learning environments. This study’s integrative framework—melding environmental
psychology, ergonomics, and instructional design—serves as a foundation for such efforts, underscoring that
effective online education depends not only on technology and pedagogy but also on the spaces in which

learning truly occurs.
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