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Abstract

Noise pollution in educational environments undermines learning outcomes, impairs concentration, and elevates
stress among students and staff. This study quantified spatial and temporal variations in indoor noise levels
across five institutions: Laboratory School, Rajshahi College, Shah Makhdum College, Brain Box Study Zone,
and ABC Coaching Centre, using UNI-T UT353 Mini Sound Level Meter. Continuous 30-minute measurements
were taken during morning (10:00-12:00) AM and afternoon (15:00-18:00) PM sessions over three non-
consecutive weekdays. Equivalent continuous levels were analyzed via linear mixed-effects modeling, revealing
a significant afternoon increase of 4.8 dB (p < 0.001) and higher noise in libraries (+2.5 dB) and administrative
offices (+1.2 dB) compared to classrooms. Spatial interpolation highlighted peak noise zones around major
thoroughfares, particularly at ABC Coaching Centre, where afternoon levels reached 70.5 dB. These findings
exceed WHO’s recommendation for academic settings and underscore the need for targeted acoustic
interventions, scheduling strategies, and traffic management to safeguard learning environments.
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1 Introduction

Environmental noise pollution has emerged as a critical challenge for educational settings, undermining student
concentration, cognitive performance, and overall well-being. The World Health Organization (WHO)
recommends that background noise in learning spaces should not exceed 35 dBA, yet studies across Bangladesh
reveal that ambient noise levels in academic institutions frequently surpass this threshold (Hasan et al., 2025;
Mohamed & AL-ASMAR, 2025). In Rajshahi University, maximum noise levels reached 110.1 dBA near the
central library, while equivalent continuous levels (Leq) ranged from 53 to 77.3 dBA far exceeding permissible
limits (Hasan et al., 2025). In the same way, roadside primary schools in Rajshahi recorded average noise levels
between 74.1 and 80.1 dBA, which causes students’ distraction, annoyance, and physical discomfort (Hasan et
al., 2023).

Key reasons for elevated noise levels include proximity to highways, railways, and high traffic volumes,
particularly from auto-rickshaws and motorcycles (Khan & Ahmed, 2023; Sarker et al., 2023). Noise from TT
Horns and Plastic Air Horns measured at various distances further confirmed the intensity of vehicular sources
(Khan & Ahmed, 2023). Physiological and psychological effects such as sleep disturbance, anger, and avoidance
behavior were significantly associated with noise sensitivity among students aged 18-28 (Sarker et al., 2024).
Despite these findings, mitigation efforts remain limited, and enforcement of noise regulations is inconsistent
(Mohamed & AL-ASMAR, 2025; Hemmat et al., 2023).

In addition to external sources, classroom interiors and construction materials play a pivotal role in sound
absorption, yet few studies have examined their effectiveness in Bangladeshi institutions. Comparative research
from Dhaka, Kathmandu, and Indian cities also highlights the importance of spatial planning, institutional
zoning, and traffic corridor design in reducing noise exposure (Chowdhury et al., 2010; Chauhan & Bhatta, 2019;
Latha et al., 2022; Thakur, 2006). However, most existing studies rely on short-term measurements and lack
temporal granularity across instructional schedules.

Despite growing awareness of urban noise pollution in academic environments, several critical gaps persist. This
study aims to address these gaps (Hasan et al., 2025; Mahmud & Basak, 2019; Mohamed & AL-ASMAR, 2025;
Alam et al., 2006; Islam et al., 2024 Hasan et al., 2023; Sultana et al., 2020; Hemmat et al., 2023; Chowdhury et
al., 2010) by:

a. Measuring noise level across various educational institutions in Rajshahi and Pabna cities throughout the
academic day.

b. Comparing recorded noise levels against WHO and Bangladesh’s environmental regulations.
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c. Investigating the role of classroom interiors and construction materials in sound absorption and acoustic
performance.

d. Evaluating institutional noise profiles based on proximity to major versus peripheral roads, and identifying
peak exposure periods.

e. Recommending mitigation strategies, like noise barriers, green buffers, operational scheduling, and urban
zoning reforms.

This research seeks to inform evidence-based interventions based on current sound levels that enhance student
well-being and academic performance in noise-affected educational environments. The novelty of this study is, it
combines indoor Leq measurements across multiple room types and two daily time windows, then links those
measurements to mapped external sources at each campus. Besides, it uses a linear mixed-effects model with
institution-level random intercepts to separate temporal and architectural drivers from site-specific variability.

2 Methodology

The noise data collection, processing, statistical modeling, and spatial visualization, integrating the Laboratory
School, Rajshahi College, Shah Makhdum College, Brain Box Study Zone, and ABC Coaching Centre datasets
are narrated below. Five selected educational venues across Rajshahi and Pabna: Laboratory School (Rajshahi),
Rajshahi College (Rajshahi), Shah Makhdum College (Rajshahi), Brain Box Study Zone (Pabna), and ABC
Coaching Centre (Pabna). For each institution, key monitoring locations were selected: Two classroom zones
(ground and first floor), the administrative building, and the library or main study hall. UNI-T UT353 Mini
Sound Level Meter provides a portable solution for measuring sound levels in various environments. Noise
measurements ranging from 30 dB to 130 dB can be taken, covering the most common sound scenarios,
maintaining SLM at a height of 1.2 m above floor level, positioned 1 m away from reflective surfaces. Schedule
measurements were done during two-time windows to capture instructional and non-instructional periods:
Morning/peak class time (10:00 a.m.—12:00 p.m.) and late afternoon/post-class time (3:00 p.m.—6:00 p.m.). At
each location: continuous sound levels were recorded for 30 minutes with Log A-weighted equivalent level and
statistical levels (L_{103}, L_{50}, L_{90}). Measurements were recorded on three non-consecutive weekdays
per institution to account for day-to-day variability. The AutoCAD drawing showing the location of outside
sound sources, like roads or markets, is drawn for each institution in a suitable scale. Statistical analysis was
conducted using SPSS to assess temporal variations.

3 Result and Discussion
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Figure 1. ABC Coaching Centre
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Figure 5. Laboratory School

Figure 1 and Table 1 revealed peak noise concentrations (> 65 dB) surrounding the ABC Coaching Centre (as
market and roads are very close), particularly near major thoroughfares. Afternoon interpolations (Table 1)
showed an expansion of high—noise zones around the Brain Box Study Zone (Figure 4 shows the location just
beside a busy road and close to a highway) and the ABC Coaching Centre, reflecting increased vehicular and
pedestrian traffic.

Table 1. Summarization of the mean and standard deviation of equivalent continuous noise levels across the five
institutions and two measurement intervals.

Institution Morning L (dB)  Afternoon L (dB)
Laboratory School 58.3+3.4 62.7+4.1
Rajshahi College 60.1+2.9 65.2 + 3.6
Shah Makhdum College 594 +3.1 64.5+39
Brain Box Study Zone 62.5+4.0 68.3+4.5
ABC Coaching Centre 64.2+3.8 705+4.2

Table 2. The linear mixed-effects model assessed the influence of time slot and building type with random
intercepts for each institution.

Predictor Estimate (f§) SE t-value p-value
Intercept (Morning, Classroom) 58.7 0.8 73.4 <0.001
Time Slot (Afternoon vs. Morning) 4.8 0.5 9.6 <0.001
Building Type (Admin vs. Classroom) 1.2 0.4 3.0 0.003
Building Type (Library vs. Classroom) 25 0.4 6.3 <0.001

Random intercept variance (Institution) = 2.1 (SD = 1.45).

The significant positive coefficient (Table 2) for the afternoon time slot (§ = 4.8 dB, p < 0.001) indicates a robust
rise in noise levels post-class, likely driven by increased traffic flow (figure 2 and 3 show that both Rajshahi
college and Shah Makhdum College are at proximity to the road driving towards Saheeb Bazar, the busiest
commercial place and gathering hub of Rajshahi City) and extracurricular activities (Laboratory School has a
large playground showed in figure 5). In addition, building type exerts a measurable effect: administrative areas
are on average 1.2 dB louder, and libraries 2.5 dB louder than standard classrooms, suggesting room geometry
and surface reflectivity amplify ambient noise. Besides, low random-effect variance across institutions confirms
that temporal and architectural factors are the primary drivers of noise variability, overshadowing site-specific
characteristics.

Educational environments in Rajshahi and Pabna consistently exceed the 35 dB threshold for optimal learning
conditions. Especially, afternoon peaks as high as 70.5 dB at ABC Coaching Centre pose risks of concentration
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impairment, increased stress levels, and potential long-term auditory effects. Structural attributes, such as high
ceilings and hard flooring in libraries, intensify reverberation, whereas administrative offices, despite being
quieter than libraries, still register above safe limits. These findings align with previous studies in similar urban
settings, which also documented time-of-day and room-type as critical determinants of indoor noise pollution.

This paper ensures spatial variation of noise by sampling five institutions located in different urban settings
(major thoroughfare, near highway, market-adjacent, campus interior) provides spatial contrast. - Two classroom
zones, administrative area, and library/study hall at each institution capture intra-site spatial heterogeneity. The
AutoCAD plans and schematic site maps locate roads, markets, and highways relative to measurement points,
providing spatial context for source proximity and direction. In addition, spatial interpolation (reported as
afternoon interpolations and peak zones) converts point measurements into continuous campus-scale noise
surfaces that reveal hotspots near roads and markets. On the other hand, tabulated means and mixed-model
random effects quantify between-site vs within-site variability, demonstrating spatial patterns at both micro and
campus scales.

4 Conclusions

This study delivers a spatial and temporal characterization of indoor noise exposure across five educational
venues in Rajshahi and Pabna, revealing that all measured values substantially exceed the threshold for learning
environments. Afternoon measurements were on average higher than morning levels, driven by increased traffic
and post-instructional activities. Libraries and administrative offices exhibited 2.5 dB and 1.2 dB higher values,
respectively, relative to classrooms, underscoring the amplifying effects of room geometry and surface
reflectivity. Architecturally, installing sound-absorptive materials such as ceiling baffles and wall panels in
high-reverberation zones will attenuate internal reflections. Operationally, scheduling examinations and
concentration-intensive sessions during lower-exposure windows can leverage temporal dips in ambient noise.
At the urban scale, establishing vegetative buffers and coordinating with local authorities to reroute or calm
traffic near educational precincts will further curb external intrusion. While this work advances understanding of
indoor acoustic dynamics in Bangladeshi institutions, its scope is limited to three weekdays and excludes
occupant perception data. Future research should extend monitoring to weekends and exam periods, integrate
subjective surveys of annoyance and dangerous impact, and deploy the interactive noise-mapping dashboard to
evaluate real-time control measures. Together, these efforts will inform policy frameworks and design guidelines
that foster healthier, more productive learning environments.
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