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Abstract

Purpose — Chronic absenteeism has surged since the COVID-19 pandemic, yet the role of school building
conditions as correlates of attendance remains under-specified at the system level. This study links chronic
absenteeism rates for New York public school buildings with standardized, component-level data from the 2024
New York State Building Condition Survey.

Design/methodology/approach — Using a Bonferroni-adjusted multi-method statistical framework aligned
with variable types (group means comparisons, correlations, and multiple linear regression with Socioeconomic
Status (SES) control), we identify specific systems, materials, and practices associated with student absence.
Findings — Socioeconomic context accounted for a substantial proportion of the variance in chronic absenteeism
(R? = 0.40), and over half of the building features significant in bivariate analysis lost significance after
controlling for nine neighborhood-level SES variables. Among building features, indoor air quality factors
showed the strongest independent associations: indoor pesticide use was associated with an approximately 8.1
percentage-point increase in absenteeism (b = 8.09, p < 0.001), mold-susceptible ceiling materials with a 6.6
percentage-point increase (b = 6.57, p < 0.001), and buildings tested for radon below 4 pCi/L with a
4.1 percentage-point decrease (b = —4.14, p = 0.04). Recent renovations were also associated with a 5.5
percentage-point reduction in absenteeism (b = —5.54, p < 0.001). In contrast, aggregate facility ratings and
perceived conditions (e.g. cleanliness, lighting) showed no independent association.

Research limitations/implications — The study is cross-sectional and observational, identifying associations
rather than causal effects, and relies on inspector-assessed building conditions. Reduced sample sizes in some
categories and small subgroups for certain features limit statistical power and reliability. Residual confounders
not captured by the nine SES controls (e.g. district policies, transportation access) may remain. The restriction to
New York State public school buildings limits cross-jurisdictional generalizability.

Practical implications — Facility managers and district leaders can use the findings to prioritize component-
level actions that are more directly linked to attendance-relevant exposures, including reviewing indoor
pesticide practices, scheduling replacement of mold-susceptible ceiling materials during renovation cycles,
maintaining systematic radon testing, and using SES-adjusted evidence when ranking capital projects.
Originality/value — This study provides one of the first component-level, system-specific assessments linking
school building conditions to chronic absenteeism across a large sample of New York State public school
buildings using standardized engineer/architect survey data. It moves beyond composite “facility quality” scores
to identify specific building features, including maintenance status, indoor pesticide use, moisture/mold-prone
materials, radon practices, and water piping types that are independently associated with absenteeism and align
with plausible health pathways. The findings offer a prioritization view for infrastructure management and
operation, targeting building components strongly associated with attendance disparities.

Keywords Chronic absenteeism, School building condition, Indoor air quality, Socioeconomic status
Paper type Research article

© Zeyu Wu, Andrew Park, Mohamad Awada and Rayan H. Assaad. Published by Emerald Publishing
Limited. This article is published under the Creative Commons Attribution (CC BY 4.0) license. Anyone
may reproduce, distribute, translate and create derivative works of this article (for both commercial and
non-commercial purposes), subject to full attribution to the original publication and authors. The full
terms of this licence may be seen at http://creativecommons.org/licences/by/4.0/

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026


http://creativecommons.org/licences/by/4.0/
https://doi.org/10.1108/ECAM-02-2026-0241

1. Introduction Engineering,
Chronic absenteeism has intensified nationally, especially after COVID-19 (Chang, 2025), Construction and
and is now recognized as a critical early warning indicator of long-term academic risk. Defined Architectural
as missing 10% or more of enrolled school days for any reason, it predicts diminished Management
academic achievement (Gottfried, 2010), lower reading proficiency, reduced graduation rates
(Allensworth and Easton, 2007), and elevated dropout risk (Kearney, 2008). In New York,
rates have remained persistently high post-pandemic (DiNapoli, 2024). While research cites
health, socioeconomic barriers, and student disengagement as major contributors (Balfanz and
Byrnes, 2012), the school’s physical environment, an active system that shapes student health,
comfort, and safety (Haverinen-Shaughnessy et al., 2015), remains an overlooked yet highly
important factor. Evidence consistently shows that poor or aging facilities are linked to higher
absenteeism rates (Duran-Narucki, 2008) through pathways such as inadequate indoor air
quality (Simons et al., 2010), thermal discomfort, deteriorated aesthetics (Maxwell, 2016), and
safety concerns.

Despite this established relationship, current knowledge rarely identifies which specific
building systems most strongly influence attendance. Much of the literature relies on broad
facility-quality indices or composite ratings (Tanner, 2009), which limits their usefulness for
targeted capital planning. Component-level analysis is necessary because aggregate scores
obscure how distinct parts of school buildings (e.g. utility systems and building envelopes)
affect students and necessitate targeted interventions. Further, many prior studies depend on
subjective assessments from school staff rather than standardized, expert evaluations (Cash,
1993). As a result, policymakers and district leaders lack the granular, actionable evidence
needed to prioritize investments that directly reduce absenteeism. Moreover, most prior
studies do not control for socioeconomic confounders, thereby risking omitted-variable bias
(Duran-Narucki, 2008; Simons et al., 2010). A systematic review of 55 studies found that
socioeconomic status is consistently associated with school attendance, yet studies
examining facility effects rarely account for these confounders simultaneously (Sosu
etal., 2021).

At the same time, absenteeism is shaped by a set of dominant non-building factors,
including poverty, family instability, transportation barriers, and school climate (Balfanz and
Byrnes, 2012). Socioeconomic characteristics, such as household income, housing tenure,
racial/ethnic composition, and parental educational attainment, are consistently identified as
strong correlates of attendance (Lim et al., 2019; Klein et al., 2020; Sosu et al., 2021). As a
result, observed associations between building conditions and absenteeism may reflect
underlying socioeconomic disparities rather than independent facility effects. Without
explicitly accounting for these confounders, it is not possible to distinguish whether building
characteristics contribute meaningfully to absenteeism or simply proxy for broader
community conditions.

This study addresses these gaps by linking standardized, component-level data from the
2024 New York State Building Condition Survey (BCS): a legally mandated assessment
conducted by licensed architects and engineers using consistent protocols (Office of Facilities
Planning, 2020), with chronic absenteeism rates for public school buildings during the 2023~
2024 academic year. Unlike composite indices, the BCS provides granular, system-specific
information by decomposing facilities into discrete, evaluated components. The analysis
examines building features across five categories using statistical methods tailored to variable
types and controls for nine neighborhood-level socioeconomic variables. This framework
enables the identification of facility characteristics that are independently associated with
absenteeism while accounting for socioeconomic context.

This study addresses two research questions: (1) Which specific school building systems
and components are independently associated with chronic absenteeism after controlling for
socioeconomic characteristics? (2) Do aggregate facility ratings show comparable
associations with absenteeism relative to component-level measures?

433

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026



ECAM 2. Literature review

33,15 This study is grounded in several distinct but intersecting domains of research: the drivers and
consequences of chronic absenteeism, the general relationship of facility quality on
educational outcomes, and the specific mechanistic pathways through which individual
building systems influence student health, comfort, and attendance.

434 2.1 School facility conditions and student attendance: mechanisms and measurement gaps

A substantial body of research links the physical condition of school facilities to student
outcomes, with better-maintained buildings consistently associated with higher attendance,
stronger academic performance, and improved behavior (Earthman, 2002). These associations
have been replicated across regions and student populations, establishing facility quality as a
substantive factor of educational opportunity rather than a purely operational concern
(Buckley et al., 2005). Research focusing on New York schools provides additional insight
into how these effects materialize. Poor building conditions are most strongly linked to
absenteeism in schools serving lower-income communities and younger grades, indicating
that infrastructure inequities compound existing socioeconomic vulnerabilities (Simons et al.,
2010). Maintenance emerges as a critical pathway: schools with large deferred maintenance
backlogs experience higher absenteeism, lower academic achievement, and elevated teacher
turnover, whereas schools that invest in systematic and preventive maintenance show higher
average daily attendance and an improved school climate (Dickerson and Ackerman, 2016).

Beyond these operational pathways, facility quality also serves as a symbolic and
psychological signal. Well-maintained buildings convey care, safety, and respect to students,
families, and staff, shaping motivation, engagement, and the willingness to attend school
(Uline and Tschannen-Moran, 2008). In contrast, deteriorated conditions can trigger
emergency closures and repair-related disruptions, reducing instructional time for entire
school communities (GAO, 2020). However, these two pathways do not always align: a
building may receive favorable visual condition ratings while harboring health-relevant
exposures, such as mold-susceptible materials or inadequate ventilation, that are not apparent
during walkthrough inspection (Haverinen-Shaughnessy et al., 2015; Toyinbo et al., 2019).
This potential divergence between what assessments capture and what affects student health is
a central concern of the present study.

Prior research has also been limited in two respects. First, most studies evaluate facility
condition using aggregate indices or composite ratings (Cash, 1993; Durdn-Narucki, 2008;
Tanner, 2009), which cannot distinguish which specific system requires attention. Second,
even disaggregated condition scores may measure the wrong dimension: visual ratings reflect
surface-level appearance rather than health-relevant characteristics such as material
composition, chemical treatment practices, or ventilation adequacy (Mendell et al., 2013;
Toyinbo, 2023). The present study addresses both limitations by including material, practice,
and system-type variables alongside condition scores across five building categories, enabling
a direct comparison of which measurement dimension is more strongly associated with
attendance.

2.2 Core building systems and infrastructure impacts on student health and attendance

The building’s core infrastructure, including its envelope and utility systems, forms the
foundation for occupant health, safety, and comfort (Awada et al., 2021). Failures in these
systems are well-documented as associated with student well-being and attendance.
Deficiencies in the building envelope are a major source of moisture intrusion,
condensation, and mold (Mendell et al., 2011). These conditions are associated with
respiratory illness, asthma exacerbations, allergic reactions, and higher absenteeism (Sheehan
et al., 2010). Visible water damage, roof leaks, dampness, and window condensation are
associated with health complaints and illness-related absences in schools (Kreiss, 2013). The
envelope also influences thermal comfort and energy efficiency; poorly insulated or leaky

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026



buildings experience uncomfortable temperature swings that are associated with reduced Engineering,

classroom comfort and lower attendance (Wargocki and Wyon, 2007). Construction and
Water service infrastructure is just as important to student health. Pipe material and Architectural
condition influence water quality through corrosion, lead leaching, and microbial growth, with Management

documented links ranging from gastrointestinal illnesses in schools with aging plumbing
systems (Jasper et al., 2012) to serious lead exposure in cases of systemic infrastructure failure
(Sauve-Syed, 2024). Copper piping provides antimicrobial properties and greater corrosion
resistance than galvanized or lead alternatives (Mendell et al., 2011), offering a plausible link
between pipe material and student health outcomes. These findings support including water
service piping material and condition as variables in the current analysis.

435

2.3 Indoor environmental quality and air quality as determinants of student absenteeism
Indoor Environmental Quality (IEQ), including lighting, acoustics, aesthetics, and indoor air
quality (IAQ), influences student absenteeism through health symptoms and discomfort, with
absenteeism often mediating the link between poor IEQ and reduced academic performance
(Haverinen-Shaughnessy et al., 2015; Sadeghi et al., 2021). Specific IEQ pathways are well
documented across acoustic, thermal, and lighting dimensions: daylit classrooms improve
mood and reduce absences (Heschong et al., 2002); poor classroom acoustics elevate stress
and absenteeism (Shield and Dockrell, 2008); and thermal discomfort contributes to illness-
related absences (Wargocki and Wyon, 2007). General school appearance and cleanliness
further shape motivation to attend (Uline and Tschannen-Moran, 2008).

Poor TAQ, marked by pollutants, allergens, and elevated CO,, is strongly associated with
respiratory symptoms, asthma attacks, and increased absenteeism (Mendell and Heath, 2005).
Classroom CO; levels above 1,000 ppm are specifically linked to higher illness-related absences
(Gaihre et al., 2014). Asthma, a leading cause of school absences, is exacerbated by building
triggers such as mold and particulates (Phipatanakul, 2006; Meng et al., 2012). Indoor and
ambient particulate exposures—including low-level PM2.5 and ozone, total suspended
particulates, and airborne bacteria—are associated with elevated K-12 absenteeism, with
disproportionate effects in disadvantaged schools (Abou Taleb et al., 2002; Mendoza et al., 2020).

Ventilation and filtration improvements demonstrably reduce both pollutants and absences:
enhanced ventilation has been associated with up to a 3.4-percentage-point reduction in
absenteeism (Mendell et al., 2013; Allen et al., 2016), and quasi-experimental evidence
supports a causal interpretation of infrastructure-level upgrades (Heissel et al., 2022).

Despite well-established links between individual TEQ parameters and student health, most
studies examine these parameters in isolation rather than simultaneously assessing multiple
building features across a large school sample, and few control for socioeconomic confounders
when evaluating facility effects on attendance. This gap is compounded by the growing
complexity of indoor environmental control: as buildings incorporate sensor-driven
ventilation and automated systems, interactions between window operation, occupant
behavior, and mechanical controls jointly shape actual exposure conditions in ways that
single-parameter assessments cannot capture (Karamoozian et al., 2026). Furthermore,
evidence from green-certified buildings shows that design-stage environmental targets
frequently diverge from operational performance due to maintenance, commissioning, and
occupancy challenges (Karamoozian and Zhang, 2025), reinforcing the idea that realized
indoor conditions, not design ratings, determine occupant attendance outcomes.

These findings underscore the need for empirical, multi-feature analyses that assess how
specific building characteristics relate to student attendance, while accounting for
socioeconomic context, as the approach adopted in the present study.

2.4 Socioeconomic determinants of school attendance
Socioeconomic status (SES) is among the most widely documented correlates of school
absenteeism: a systematic review of 55 studies found that financial-resource measures such as
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ECAM free and reduced-price lunch (FRPL) eligibility provide the strongest single-dimension
33,15 evidence of an SES—absenteeism link (Sosu et al., 2021). The pathways through which SES
influences attendance are multidimensional. Low-income families face higher rates of
childhood illness, food insecurity, housing instability, and limited access to transportation, all
of which increase the likelihood of missed school days (Ready, 2010; Lim et al., 2019).
Housing tenure is a particularly strong predictor; students in socially rented or unstable
housing experience higher absenteeism across all forms of absence—including sickness,
truancy, and temporary exclusion to peers in owner-occupied housing (Klein et al., 2020).
Racial and ethnic disparities in attendance are well documented and persist even after
adjusting for income, with Black and Hispanic students experiencing disproportionately
higher chronic absenteeism (Balfanz and Byrnes, 2012; Lim et al., 2019). Among
sociocultural dimensions, parental education is uniquely associated with attendance: lower
parental education predicts higher sickness-related and overall absences, potentially reflecting
differences in health literacy and engagement with educational institutions (Klein et al., 2020;
Klein and Sosu, 2024). Neighborhood-level deprivation compounds these individual-level
factors through environmental stressors such as exposure to crime, poor infrastructure, and
limited access to services (Balfanz and Byrnes, 2012). These findings underscore that
socioeconomic context operates through interacting dimensions rather than a single pathway,
and any study examining facility effects on attendance must account for this confounding
structure.

436

3. Methodology

3.1 Data sources and sample

Chronic absenteeism data were obtained from the New York State Education Department’s
public reporting system, which annually releases school-level accountability indicators
(NYSED, 2025). The dependent variable is defined as the percentage of students enrolled for
atleast 10 instructional days who miss 10% or more of those days. In the 2023-2024 academic
year, chronic absenteeism across the sampled schools averaged 22.90%, with a standard
deviation of 16.61%.

The unit of analysis is the individual school building. Building characteristics were
obtained from the 2023-2024 BCS, mandated by the New York State Education Department
and covering all public-school buildings across the state. In our analysis, school buildings were
excluded if they lacked data on chronic absenteeism, had incomplete BCS records, or did not
serve an instructional purpose (e.g. library, parking). Building components were further
excluded if they exhibited substantial missingness or were not relevant to classroom settings.
The original sample included 922 school buildings; after merging BCS records with chronic
absenteeism data and applying exclusion criteria, the final analytic sample comprises 462
public school buildings.

To account for socioeconomic confounding, census block group—level SES variables were
included as controls. These variables were derived by inverse geocoding each school
building’s address to obtain geographic coordinates, which were then spatially matched to the
corresponding census block group using the U.S. Census Bureau’s 2024 American
Community Survey (ACS) 5-year estimates. Nine socioeconomic variables were included
as controls (Table 1).

3.2 Building characteristics

The independent variables were derived from 57 distinct features in the 2024 BCS, selected
based on documented or plausible mechanistic links to student health and attendance.
Variables unrelated to classroom environments were excluded (e.g. “exterior accessible route
to building”). Features with more than 20% missing values were excluded (e.g. water service
piping type: lead and are crevices and holes in walls); missingness in these features was
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Table 1. Summary of building characteristics categories and feature type

Category Subcategory Features
Socioeconomic Status (SES)  Income Mean household income ($)
n=9) Education Bachelor’s degree or higher (%)
Housing Renter-occupied households (%)
Demographics Female (%), Single parent (%), Asian (%), Black (%),

Foundational Building
Characteristics (n = 6)

Building Envelope (n = 9)

Utility Systems and
Infrastructure (n = 12)

Environment, Comfort, and
Health (n = 8)

Indoor Air Quality (IAQ)
(n=13)

General attributes
Maintenance
history

Overall
assessment
Chimneys
Windows
Skylights

Site gas

Site sanitary

Plumbing fixtures

Water service
piping

Acoustics
Flooring

Lighting
Maintenance

quality
Pest management

Radon

Ventilation and
moisture

Mold risk surfaces

White (%), Hispanic (%)

Building age (years), Gross floor area (sq. ft.), Number
of floors, Number of instructional classrooms
Renovations in the past 12 months (Binary)

Opverall building rating (4-points scale)

Presence of chimneys (Binary), Chimneys ERUL
(years), Chimneys condition rating (5-points scale)
Presence of windows (Binary), Windows ERUL (years),
Windows condition rating (5-points scale)

Presence of skylights (Binary), Skylights ERUL (years),
Skylights condition rating (5-points scale)

Site gas ERUL (years), Site gas condition rating
(5-points scale) (5-points scale)

Site sanitary ERUL (years), Site sanitary condition
rating (5-points scale)

Plumbing fixtures ERUL (years), Plumbing fixtures
condition rating (5-points scale)

Water service piping ERUL (years), Water service
piping condition rating (5-points scale), Piping material
(Copper, Galvanized, PVC, Other)

Noise in classrooms that impacts education (Binary)
Carpet ERUL (years), Carpet condition rating (3-points
scale)

Lighting fixtures ERUL (years), Lighting fixtures
condition rating (5-poiints scale), Lighting quality
condition rating (3-points scale)

3-points scale: Cleanliness condition rating, General
appearance condition rating

Binary variables: Integrated Pest Management (IPM)
program, Pesticides used on the grounds, Pesticides
used in the building, Certified pesticide applicator on
staff, Vegetation kept one foot from building

Binary variables: Passive radon mitigation system
installed, Building tested for radon <4 pCi/L

3-points scale variables: Air filters condition rating,
TAQ/ventilation condition rating, Humidity/moisture
condition rating

Mold surfaces: (Paper-faced/gypsum, Cellulose/ceiling
tile, Not applicable)

associated with older buildings lacking subsystem documentation rather than occurring at
random, so listwise deletion was applied rather than imputation to avoid bias from structurally
absent characteristics (Graham, 2009).

Multicollinearity was assessed using Variance Inflation Factors (VIFs), and features with
VIFs> 10 were removed (Hair et al., 2010). Racial and ethnic composition variables (White%,
Black%, Hispanic%, Asian%) were retained despite VIFs exceeding 10 because omitting them
would remove a substantively important dimension of neighborhood context consistently
linked to attendance disparities (Gottfried, 2014). The resulting multicollinearity inflates the
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ECAM standard errors of these individual SES coefficients, so their point estimates should not be
33,15 interpreted as stable independent effects. Among building-feature variables, elevated VIFs
were limited to one-hot encoded indicators of mold surface materials (VIF = 19.1-23.4),
which is a structural artifact of dummy coding a single categorical variable rather than a
substantive collinearity concern; all other building-feature VIFs remained below 6.2.

The building component features were classified into five thematic categories: (1)
Foundational Building Characteristics, (2) Building Envelope Integrity, (3) Utility Systems
and Infrastructure, (4) Environment, Comfort, and Health, and (5) Indoor Air Quality (IAQ).
Table 1 summarizes these categories and their constituent features.

438

3.3 Statistical analysis

A bivariate statistical framework was used to assess the unadjusted association between each
building feature and chronic absenteeism, with test selection guided by variable type. Binary
features were assessed using Welch’s independent-samples t-tests, reporting Cohen’s d as the
effect-size measure with conventional thresholds of 0.20 (small), 0.50 (medium), and 0.80
(large) (Cohen, 2013). Continuous variables such as building age and square footage were
evaluated using Pearson correlation coefficients (r). Ordinal Likert-scale features were tested
using Spearman’s rank-order correlation (p) to respect the ordinal structure of the data
(Spearman, 1904). Multiple-choice categorical features encoded as one-hot binary indicators
(e.g. water-service piping type) were analyzed using independent t-tests comparing buildings
with versus without each option.

Because multiple features were tested within each building component category,
Bonferroni correction was applied to control the family-wise error rate (Dunn, 1961).
Without correction, simultaneous testing of numerous features inflates the probability of
spurious significant results well beyond the nominal « level (Bland and Altman, 1995).
Bonferroni correction divides the significance threshold by the number of tests within each
family, strictly bounding the family-wise Type I error rate. This conservative approach was
preferred over less stringent alternatives such as the Benjamini—-Hochberg false discovery rate
procedure (Benjamini and Hochberg, 1995), as the policy relevance of the findings warranted
minimizing false positives that could misdirect limited facility investment resources. All
reported p-values in both the bivariate analysis and the subsequent regression models are
Bonferroni-adjusted. Statistical significance was defined as Bonferroni-adjusted p < 0.05
throughout.

Additionally, multiple linear regression (MLR) models were estimated using ordinary least
squares (OLS) with HC3 heteroscedasticity-consistent robust standard errors to ensure valid
inference in the presence of heteroscedasticity (MacKinnon and White, 1985). First, an SES-
only model regressed chronic absenteeism on all SES variables simultaneously, quantifying
their joint explanatory power. Subsequently, for each of the five building-feature categories, a
separate MLR included the category’s building component features alongside all SES variables
as controls. Building-feature coefficients thus represent SES-adjusted effects: the estimated
percentage-point change in chronic absenteeism per unit increase, holding all other variables
constant. Bonferroni-adjusted p-values are reported for all coefficients. To systematically
differentiate independent facility effects from socioeconomics, findings were interpreted with a
four-case framework (robust, confounded, suppressed, and null) based on significance
retention between the unadjusted bivariate and SES-controlled regression models.

To address model-stability concerns, we examined multicollinearity using VIFs and
interpreted coefficients with elevated VIFs cautiously. As a robustness check, the SES-only
model was re-estimated after excluding high-VIF racial and ethnic composition variables, and
the direction, magnitude, and significance of the income and renter-proportion coefficients
remained stable. Potential variation by urban-rural context, grade span, or district fiscal
capacity was not formally tested because several building-feature subgroups had limited
sample sizes, and these subgroup effects should be examined in future work.
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4. Results Engineering,

4.1 Socioeconomic status Construction and
The census block groups in which school buildings are located had a mean household income Architectural
of 117,726 (SD = 69,784) and a mean renter proportion of 29.07% (SD = 24.89%). Additional Management

demographic characteristics included a mean female proportion of 51.04% (SD = 7.47%), a

single-parent proportion of 52.86% (SD = 34.70%), and racial/ethnic composition

characterized by White (Mean = 72.70%, SD = 26.31%), Black (Mean = 9.72%,

SD = 17.56%), Hispanic (Mean = 9.90%, SD = 11.73%), and Asian (Mean = 3.89%, 439
SD = 7.37%). The share of adults holding a bachelor’s degree or higher averaged 35.29%

(SD = 18.81%). These figures indicate substantial socioeconomic variation across the sample,

reflecting the diversity of communities served by New York State public schools.

A multiple linear regression model examining all factors as joint factors of chronic
absenteeism rate was statistically significant (F(9,452) = 28.53, p < 0.001, R* = 0.40). Two of
the SES variables were independently significant: Mean household income was negatively
associated with chronic absenteeism (b = —0.0001, p < 0.001), indicating that school
buildings in higher-income census block groups tended to have lower chronic absenteeism
rates. Renter proportion was positively associated (b = 16.44, p <0.001), indicating that areas
with a greater share of renter-occupied housing had higher absenteeism. The remaining
variables were not independently significant, though they may contribute jointly to the model.
Full regression results are presented in Table 2. All SES variables are included as controls in all
subsequent building-characteristic models to isolate the independent contributions of building
component features to chronic absenteeism.

4.2 Foundational building characteristics

Foundational Building Characteristics provide context for understanding the baseline
conditions and structural attributes of the school facilities (Table 3). Schools that underwent
renovations or construction in the past 12 months (N = 233) had a mean chronic absenteeism
rate of 19.04% (SD = 11.74%), compared with 26.83% (SD = 19.68%) for those without
recent investment (N = 229), representing a medium effect size (d = —0.48, p < 0.001).
Building size indicators, including square footage (r = 0.16, p = 0.002), number of floors
(r = 0.23, p < 0.001), and number of instructional classrooms (r = 0.14, p = 0.01), were all
positively correlated with absenteeism. Building age (r = 0.005, p = 1.00) and the overall
building rating (p = —0.001, p = 1.00) showed no significant bivariate associations.

The SES-controlled regression model presented in Table 4 for foundational building
features was statistically significant (F(15,446) = 26.44, p < 0.001, R* = 0.49). Two building
features showed significant independent associations. The recent renovation remained
significant (b = —5.54, p < 0.001), confirming a robust, SES-independent relationship:

Table 2. Multivariable regression associations between socioeconomics and chronic absenteeism across

school buildings

Feature Coefficient (8) SE p-value
Mean Household Income ($) —0.0001%** 0.00 <0.001
Bachelor’s Degree or Higher (%) —1.00 7.94 1.00
Renter (%) 16.44%%* 4.19 <0.001
Female (%) —17.32 16.45 1.00
Single Parent (%) —0.82 1.96 1.00
Asian (%) —11.70 12.79 1.00
Black (%) 17.62 11.07 1.00
White (%) —4.94 9.90 1.00
Hispanic (%) 0.26 11.11 1.00
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ECAM Table 3. Associations between foundational building characteristics and chronic absenteeism across school

Feature N Stats Method Statistics p-value

Renovations in the past 462 Yes(N = 233):19.04 + 11.74%  t-test =— <0.001

12 months? No (N = 229): 26.83 + 19.68% 0.48%**

Building Age (years) 462 Mean = 73.29 + 41.30 Pearson r = —0.005 1.00
440 Square feet of construction 462 Mean = 77053.58 + 63062.82  Pearson r = 0.16%* 0.002

Number of Floors 455 Mean = 2.03 + 0.86 Pearson r = 0.23%** <0.001

Number of instructional 462 Mean = 37.95 + 22.88 Pearson r = 0.14* 0.01

classrooms

Overall building rating 461 Mean = 2.96 + 0.32 Spearman = —0.004 1.00

(4-point scale)

Note(s): Stats for binary features show Absence Mean and Absence SD. For continuous features, Stats displays
the feature itself, along with Mean + SD. For ordinal features, Stats displays the feature itself, along with
Mean + SD. d = Cohen’s d. r = Pearson’s r. p = Spearman’s rho. Bonferroni-adjusted Significance levels:
*p <0.05, **p < 0.01, ***p < 0.001

Table 4. Multivariable regression associations between foundational building characteristics and chronic
absenteeism across school buildings

Feature Coefficient (p) SE p-value
Mean Household Income ($) —0.0001%** 0.00 <0.001
Bachelor’s Degree or Higher % —4.21 6.44 1.00
Renter % 16.77%** 3.83 <0.001
Female % —14.30 12.78 1.00
Single Parent % —0.84 1.86 1.00
Asian % —13.78 11.96 1.00
Black % 21.15 8.72 0.230
White % —0.50 8.28 1.00
Hispanic % 0.18 9.32 1.00
Renovations in the past 12 months? —5.54%%* 1.17 <0.001
Building Age (years) 0.01 0.03 1.00
Square feet of construction 0.00002 0.00002 1.00
Number of Floors 0.42 0.74 1.00
Number of instructional classrooms 0.10 0.04 0.11
Overall building rating (4-point scale) 9.95%** 1.92 <0.001

schools with recent construction had absenteeism rates approximately 5.5% points lower, even
after controlling for socioeconomic context. The three building-size indicators (square
footage, number of floors, number of classrooms), although significant in bivariate analysis,
were not retained in the MLR model, indicating that the observed association is likely
explained by underlying socioeconomic confounding factors rather than building size itself;
that is, larger school buildings tend to be located in urban, lower-income communities with
higher baseline absenteeism.

A notable suppression effect emerged for the overall building rating (4 = Excellent,
3 = Good, 2 = Fair, 1 = Poor), which showed no bivariate association (p = —0.004, p = 1.00)
but became a significant positive predictor in the regression model (b = 9.95, p <0.001). This
pattern suggests that in bivariate analysis, the positive association was obscured by the
correlation between building ratings and SES: buildings in wealthier communities tend to
receive higher ratings and have lower absenteeism, offsetting the independent association.
Once socioeconomic factors were controlled, a positive association emerged. This sign
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reversal is consistent with a suppression interpretation in which ratings capture cosmetic rather Engineering,
than health-relevant quality: among schools with similar SES profiles, those with higher ~Construction and
overall ratings had higher absenteeism, potentially because favorable visual assessments do Architectural
not reflect indoor environmental hazards such as pesticide use or mold-susceptible materials. Management
However, alternative statistical explanations cannot be excluded, including residual
confounding from unmeasured SES dimensions, collider bias introduced by conditioning
on correlated SES controls, or instability in coefficient estimates due to elevated VIFs among
the racial composition variables. This finding should therefore be treated as exploratory rather
than confirmatory. Building age showed no significant association in either analysis (r = —
0.005, p = 1.00; b = 0.01, p = 1.00), suggesting that system condition and maintenance
are more closely associated with absenteeism than building age.

441

4.3 Building envelope

Bivariate results (Table 5) identified two significant associations. The presence of chimneys
showed a large effect (d = —1.11, p < 0.001): buildings with chimneys had a mean
absenteeism rate of 20.56% (SD = 14.25%) versus 37.74% (SD = 22.14%) without.
Chimneys’ expected remaining useful lifetime (ERUL) was positively correlated with
absenteeism (r = 0.23, p = 0.02). Window and skylight measures (presence, ERUL,
condition) were not significant after correction.

The SES-controlled regression for building envelope presented in Table 6 was statistically
significant (F(18,227) = 9.56, p < 0.001, R? = 0.46). The smaller sample results from listwise
deletion of buildings with incomplete data for all envelope components. The main reason for
case loss was missing chimney ERUL data among buildings that have chimneys but lack
documented longevity estimates. To evaluate potential selection bias, the 246 included
buildings were compared with the 216 excluded ones. The included sample had significantly
higher average absenteeism compared to the excluded group (27.22% vs 17.98%, p < 0.001).
The included buildings also showed lower average household income (106,008 vs 131,072;
p < 0.001), higher renter proportions (35% vs 22%; p < 0.001), higher Black population

Table 5. Associations between building envelope characteristics and chronic absenteeism across school

buildings
Feature N Stats Method Statistics p-value
Chimneys 462 Yes(N = 399): t-test d=— <0.001
20.56 + 14.25% 11700k
No(N = 63):
37.74 + 22.14%
Chimneys ERUL 209 16.54 +8.88 Pearson r = 0.23* 0.02
Chimneys Condition (5-point 399  3.96 + 0.27 Spearman p = 0.01 1.00
scale)
Windows 462  Yes(N = 459): t-test d=-0.63 1.00
22.83 + 16.63%
No (N = 3):33.37 +11.84%
Windows ERUL 459 10.94 +7.04 Pearson r=0.10 0.26
Windows Condition (5-point 459 3.96 + 0.35 Spearman p = 0.04 1.00
scale)
Skylights 461  Yes(N = 261): t-test d=-0.18 0.65
21.66 + 14.37%
No(N = 200):
24.57 + 19.09%
Skylights ERUL 261 12.00 +8.32 Pearson r=0.05 1.00
Skylights Condition (5-point 195 4.00 +0.28 Spearman p = —0.08 1.00
scale)
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ECAM Table 6. Multivariable regression associations between building envelope characteristics and chronic

3 3’ 15 absenteeism across school buildings
Feature Coefficient (B) SE p-value
Mean Household Income ($) —0.0001* 0.00003 0.01
Bachelor’s Degree or Higher % 12.64 11.03 1.00
Renter % 11.76 6.24 1.00

442 Female % —21.75 20.51 1.00
Single Parent % —-2.72 2.95 1.00
Asian % —53.70 25.21 0.60
Black % —29.15 23.15 1.00
White % —59.49 21.82 0.12
Hispanic % —47.08 22.74 0.69
Chimneys —21.86 18.65 1.00
Chimneys ERUL 0.46* 0.15 0.04
Chimneys Condition (5-point scale) 2.90 4.78 1.00
Windows —39.86 13.42 0.05
Windows ERUL 0.12 0.16 1.00
Windows Condition (5-point scale) 8.81%* 2.89 0.04
Skylights 32.42 15.51 0.66
Skylights ERUL 0.08 0.15 1.00
Skylights Condition (5-point scale) —8.20 3.96 0.70

percentages (13% vs 6%; p < 0.001), and lower White population percentages (69% vs 77%;
p = 0.002). These differences suggest that the analytic sample for the envelope category is
biased toward more socioeconomically disadvantaged, higher-absenteeism buildings, which
should be considered when interpreting the regression results.

Two building features demonstrated significant, independent associations. Chimneys
ERUL remained significant (b = 0.46, p = 0.04), indicating that each additional year of
expected remaining chimney life was associated with a 0.46-percentage-point higher chronic
absenteeism rate, independent of SES. The presence of chimneys, although strongly
significant in bivariate analysis, became nonsignificant after SES adjustment (b = —21.86,
p = 1.00), suggesting that the bivariate association was confounded by socioeconomic
differences between buildings with and without chimneys.

Windows condition exhibited a suppression pattern similar to the overall building rating in
Section 4.2: nonsignificant in bivariate analysis (p = 0.04, p = 1.00) but significant in
regression (b = 8.81, p = 0.04). After adjusting for SES and other covariates, a higher
inspector-rated window condition was associated with higher absenteeism. Like the building
rating result, this result is consistent with the interpretation that visual condition scores capture
surface-level appearance rather than health-relevant performance (e.g. airtightness, ventilation
adequacy). However, the same alternative statistical explanations remain; residual
confounding, collider bias, and VIF-related coefficient instability cannot be ruled out. This
finding should be treated as exploratory. Skylights showed no evidence of independent
association.

4.4 Utility systems and infrastructure

Bivariate analyses of the utility-system features (Table 7) identified four significant
associations after Bonferroni correction. Three were positively correlated with absenteeism:
site gas ERUL (Mean = 16.54, SD = 8.79, r = 0.20, p < 0.001), site sanitary ERUL
(Mean = 14.86, SD = 9.22, r = 0.15, p = 0.01), and water service piping ERUL
(Mean = 15.93, SD = 11.03, r = 0.14, p = 0.02). Buildings with copper water piping had
significantly lower absenteeism than those without (d = —0.58, p < 0.001; 17.80% vs
27.12%). Copper pipes offer antimicrobial properties, greater corrosion resistance, and
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Table 7. Associations between utility systems characteristics and chronic absenteeism across school buildings Engineering,
Construction and

Feature N Mean + SD Method Statistics p-value Architectural
. Management
Site Gas ERUL 437 16.53 +8.79 Pearson r = 0.20%** <0.001
Site Gas Condition (5-point 437 4.03 +0.21 Spearman p = —0.05 0.32
scale)
Site Sanitary ERUL 460 14.86 +9.22 Pearson r = 0.15*% 0.001
Site Sanitary Condition (5-point 460 4.00 + 0.25 Spearman p = 0.04 0.38 443
scale)
Plumbing Fixtures ERUL 461 12.32 +9.52 Pearson r=0.10 0.03
Plumbing Fixtures Condition 461 3.98 +0.28 Spearman p = —0.08 0.10
(5-point scale)
Water Service Piping ERUL 462 15.93 + 11.03 Pearson r = 0.14* 0.002
Water Service Piping Condition ~ 462  4.00 + 0.15 Spearman p = 0.03 0.57
(5-point scale)
Water Service Piping Type — 462 Yes(N = 209): t-test =— <0.001
Copper 17.80 + 12.82% 0.58%#*
No(N = 253):
27.12 + 18.16%
Water Service Piping Type — 462  Yes(N = 83): t-test d=-0.01 1.00
Galvanized 22.72 +12.70%
No(N = 379):
22.94 + 17.37%
Water Service Piping Type — 462  Yes(N = 26): t-test = —0.08 1.00
PVC 21.71 £9.37%
No(N = 436):
22.97 + 16.95%
Water Service Piping Type — 462  Yes(N = 11): t-test d=0.22 1.00
Other 26.40 + 9.70%
No(N = 451):

22.81 £ 16.75%

superior prevention of lead leaching compared to other materials (WHO, 2004; Vargas et al.,
2017; Montero et al., 2019), likely leading to safer, better-tasting water, improved student
hydration, and reduced health-related absences (Sauve-Syed, 2024).

The SES-controlled regression was significant (F(21,415) = 16.58, p < 0.001, R* = 0.47).
However, after Bonferroni correction, no utility-system features retained independent
significance (Table 8). All four features that were significant in the bivariate analysis,
including the three ERUL variables and Water Service Piping Copper Type, became
nonsignificant when SES was controlled. This indicates that the bivariate associations
observed for utility-system features were largely confounded by socioeconomic factors.
Among the SES controls, mean household income and renter proportion remained significant.

4.5 Environment, comfort, and health

The bivariate results show no significant association between absenteeism and perceived
cleanliness, lighting, appearance, or acoustics (Table 9). Only carpet-related measures were
significant: better carpet condition is associated with lower absenteeism (Mean = 3.96,
SD = 0.30, p = —0.13, p = 0.04), consistent with evidence that poorly maintained carpets
resuspend dust and bio-contaminants and exacerbate respiratory issues (Becher et al., 2018).
Conversely, higher carpet ERUL was weakly associated with absenteeism (r = 0.14, p = 0.04;
Mean = 8.14, SD = 4.78), indicating that schools with higher carpet ERUL values tend to
have slightly higher absenteeism rates. Newly installed or long-life carpets are a well-
documented source of indoor air quality concern, in building materials research (Jarnstrom
et al., 2006), particularly during the early years following installation (Wei et al., 2019).
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ECAM Table 8. Multivariable regression associations between utility systems and chronic absenteeism across school

Feature Coefficient (B) SE p-value
Mean Household Income ($) —0.0001%* 0.00002 0.001
Bachelor’s Degree or Higher % —0.53 7.59 1.00
Renter % 15.23** 4.03 0.003
444 Female % —15.81 15.67 1.00
Single Parent % —0.67 2.06 1.00
Asian % —11.54 12.62 1.00
Black % 21.98 10.80 0.88
White % —4.54 9.82 1.00
Hispanic % —1.34 10.92 1.00
Site Gas ERUL 0.27 0.09 0.06
Site Gas Condition (5-point scale) —2.66 1.90 1.00
Site Sanitary ERUL 0.02 0.09 1.00
Site Sanitary Condition (5-point scale) —0.99 3.88 1.00
Plumbing Fixtures ERUL 4.60 2.03 0.49
Plumbing Fixtures Condition (5-point scale) 0.08 0.08 1.00
‘Water Service Piping ERUL 0.07 0.06 1.00
Water Service Piping Condition (5-point scale) 3.15 3.71 1.00
‘Water Service Piping Type — Copper —3.24 1.35 0.34
Water Service Piping Type — Galvanized —-3.23 1.75 1.00
Water Service Piping Type — PVC —1.52 2.44 1.00
Water Service Piping Type — Other 2.93 3.58 1.00

Table 9. Associations between environment, comfort, and health characteristics and chronic absenteeism
across school buildings

Feature N Stats Method Statistics p-value
Noise in classrooms that impacts 462  Yes (N = 31): t-test d=-0.23 1.00
education 19.32 + 15.11%

No (N = 431):

23.16 + 16.70%
Carpet ERUL 433 8.14+4.78 Pearson r = 0.14* 0.04
Carpet Condition (3-point scale) 433  3.96 +£0.30 Spearman p = —0.13* 0.04
Lighting Fixtures ERUL 460 11.38 +6.87 Pearson r=0.03 1.00
Lighting Fixtures Condition 458 4.05+0.35 Spearman p = 0.01 1.00
(5-point scale)
Lighting Quality Condition 462  2.66 +0.51 Spearman p = —0.03 1.00
(3-point scale)
Cleanliness Condition (3-point 462 2.89 +£0.31 Spearman p = 0.01 1.00
scale)
General Appearance Condition 462 2.83 +0.38 Spearman p = 0.05 1.00

(3-point scale)

Identified emissions can degrade indoor air quality and contribute to respiratory symptoms
(Hodgson et al., 1993). This provides a plausible mechanistic basis for the observed positive
association between carpet ERUL and absenteeism, though this interpretation remains
exploratory in the absence of direct VOC measurements.

The SES-controlled regression was significant (F(17,409) = 18.46, p < 0.001, R = 0.43),
but no features maintained independent significance (Table 10). Both carpet variables, which
were significant in the bivariate analysis, became nonsignificant after SES adjustment (carpet
ERUL: b = 0.39, p = 0.16; carpet condition: b = —3.11, p = 1.00), suggesting that
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Table 10. Multivariable regression associations between environment, comfort, and health characteristics and Engineering,

chronic absenteeism across school buildings Construction and
Architectural

Feature Coefficient (f) SE p-value Management

Mean Household Income ($) —0.0001%** 0.00002 <0.001

Bachelor’s Degree or Higher % —2.23 8.06 1.00

Renter % 15.90** 4.17 0.002

Female % —12.52 16.45 1.00 445

Single Parent % —1.60 2.07 1.00

Asian % —4.83 12.70 1.00

Black % 22.82 10.68 0.55

White % —1.45 9.49 1.00

Hispanic % 8.20 10.48 1.00

Noise in classrooms that impacts education —2.18 2.51 1.00

Carpet ERUL 0.39 0.15 0.16

Carpet Condition (3-point scale) -3.11 2.20 1.00

Lighting Fixtures ERUL 0.01 0.10 1.00

Lighting Fixtures Condition (5-point scale) 2.67 1.54 1.00

Lighting Quality Condition (3-point scale) 2.78 1.23 0.40

Cleanliness Condition (3-point scale) —0.45 3.19 1.00

General Appearance Condition (3-point scale) 3.72 2.64 1.00

socioeconomic factors confounded the results. The null findings for lighting quality
(p = —0.03, p = 1.00; b = 2.78, p = 0.40), cleanliness (p = 0.01, p = 1.00; b = —0.45,
p = 1.00), and overall appearance (p = 0.05, p = 1.00; b = 3.72, p = 1.00) are consistent
across both analysis and should be cautious: these ordinal ratings showed very limited variance
(e.g. cleanliness: Mean = 2.89, SD = 0.31), which restricts the statistical power to detect
possible associations.

4.6 Indoor air quality

The IAQ category produced the most findings. Bivariate results (Table 11) identified
significant features including indoor pesticide use (d = 0.77, p <0.001) and outdoor pesticide
use (d = —0.33, p < 0.001), vegetation maintenance distance (d = 0.34, p < 0.001), radon
testing below 4 pCi/L (d = —0.31, p = 0.001), passive radon mitigation (d = —0.68,
p < 0.001), and mold-susceptible surface materials, as paper-faced/gypsum products
(d = 0.39, p <0.001), cellulose/ceiling products (d = 0.34, p = 0.004). The inspector-rated
conditions (air filters, TAQ/ventilation, humidity/moisture) were not significant.

The SES-controlled regression (Table 12; F(22,436) = 23.79, p < 0.001, R? = 0.54,
N = 459) achieved the highest explanatory power across all categories. Several features lost
statistical significance after SES adjustment, indicating that their bivariate associations were
largely explained by underlying socioeconomic differences. The three inspector-rated IAQ
metrics (air filters, IAQ/ventilation, humidity/moisture) showed no evidence of association in
either set of results. The null result for the condition may reflect the limited variance in
inspector ratings rather than the absence of a true relationship, as air filtration effectiveness
depends on factors (e.g. filter type, replacement frequency) not captured by ordinal condition
scores.

4.6.1 Pesticides management. School buildings that use pesticides on their grounds have an
average absenteeism rate of 18.19%, which is 5.53% points lower than the rate for buildings
that do not use pesticides (d = —0.33, p = 0.01). In contrast, indoor pesticide use showed a
large effect (d = 0.77, p < 0.001): buildings with indoor pesticide application had an
absenteeism rate of 30.27% (SD = 21.76%), compared to 18.32% (SD = 9.98%) in buildings
without indoor pesticide application. After controlling for SES, indoor pesticide use remained
the strongest positive association (b = 8.09, p < 0.001): buildings with indoor pesticide
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ECAM Table 11. Associations between indoor air quality characteristics and chronic absenteeism across school
33’ 1 5 blllldll'lgS
Feature N Stats Method Statistics p-value
Integrated Pest Management 462 Yes (N = 382): t-test d = 0.08 1.00
(IPM) 23.14 +17.17%
No (IV = 80):
446 21.75 + 13.68%
Pesticides are used on the 462 Yes (N = 68): t-test = —0.33%+*  <0.001
grounds 18.19 + 7.82%
No (N = 394):
23.71 + 17.57%
Pesticides used in the building 462 Yes (N = 177): t-test d = 0.77%%* <0.001
30.27 + 21.76%
No (N = 285):
18.32 £ 9.98%
A certified pesticide applicatoris 462  Yes (N = 76): t-test d=-0.23 0.15
on staff 19.71 + 10.51%
No (N = 386):
23.53 + 17.51%
Vegetation kept one foot away 462 Yes (N = 358): t-test d = 0.34*** <0.001
from the building 24.16 + 18.00%
No (N = 104):
18.58 +£9.37%
A passive radon mitigation 462 Yes (N = 19): t-test d = —0.68*** <0.001
system was installed 12.23 + 7.93%
No (N = 443):
23.36 + 16.74%
Building tested for radon <4 pCi/ 459  Yes (N = 108): t-test d= —0.31** 0.001
L 19.04 +9.02%
No (N = 351):
24.21 + 18.18%
Air filters Condition (3-point 462  2.68 +0.47 Spearman p = 0.09 0.62
scale)
IAQ/Ventilation Condition 462  2.66 + 0.54 Spearman p = 0.09 0.82
(3-point scale)
Humidity/Moisture Condition 462  2.71 +£0.47 Spearman p = 0.04 1.00
(3-point scale)
Mold Surfaces Materials - Paper- 462  Has(IV = 372): t-test d = 0.34** 0.004
faced/Gypsum 23.99 + 17.45%
No(N = 90):
18.39 + 11.62%
Mold Surfaces Materials — 462 Yes(N = 327): t-test d = 0.39%** <0.001
Cellulose/Ceiling 24.77 + 18.18%
No(N = 135):
18.38 + 10.79%
Mold Surfaces Materials — Not 462 Has(N = 75): t-test d = —0.30* 0.04
Applicable 18.76 + 12.14%
No(N = 387):

23.70 £ 17.25%

application had absenteeism roughly 8.1% points higher, while holding SES constant. Outdoor
pesticide use also remained negatively associated with absenteeism (b = —4.86, p = 0.02).
The contrasting directions of the indoor and outdoor associations may reflect differences in
underlying facility management contexts and provide a direction for future pest management
use; however, the cross-sectional design limits causal interpretation.

4.6.2 Vegetation. Schools where vegetation was maintained at least one foot away from the
building (N = 358) had a mean chronic absenteeism rate of 24.16% (SD = 18.00%), compared

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026



Table 12. Multivariable regression associations between indoor air quality characteristics and chronic Engineering,

absenteeism across school buildings Construction and
Architectural

Feature Coefficient (f) SE p-value Management

Mean Household Income ($) —0.0001%** 0.00002 <0.001

Bachelor’s Degree or Higher % —1.63 6.71 1.00

Renter % 13.00%* 3.55 0.01

Female % —14.16 13.68 1.00 447

Single Parent % —0.04 1.86 1.00

Asian % —17.68 12.25 1.00

Black % 15.93 10.14 1.00

White % —6.21 9.16 1.00

Hispanic % —5.46 10.19 1.00

Integrated Pest Management (IPM) —0.21 1.49 1.00

Pesticides are used on the grounds —4.86* 1.48 0.02

Pesticides used in the building 8.09%** 1.43 <0.001

A certified pesticide applicator is on staff 0.63 1.42 1.00

Vegetation kept one foot away from the building 1.92 1.19 1.00

A passive radon mitigation system was installed —3.46 2.75 1.00

Building tested for radon <4 pCi/L —4.14* 1.34 0.04

Air filters Condition (3-point scale) 1.56 1.59 1.00

TAQ/Ventilation Condition (3-point scale) 1.69 1.52 1.00

Humidity/Moisture Condition (3-point scale) 2.82 1.28 0.60

Mold Surfaces Materials - Paper-faced/Gypsum 7.30 2.59 0.11

Mold Surfaces Materials — Cellulose/Ceiling 6.57%** 1.52 <0.001

Mold Surfaces Materials — Not Applicable 10.49* 3.29 0.03

to 18.58% (SD = 9.37%) in schools where vegetation grew closer to the facade without
maintenance at this distance (N = 104). This reflects a small-to-moderate effect size (d = 0.34,
p < 0.001). One possible explanation is that vegetation along the facade may enhance local
microenvironmental conditions by intercepting airborne particulates and moderating
temperature extremes (Diener and Mudu, 2021), as well as providing restorative natural
views linked to reduced stress and improved well-being (Tyrvainen et al., 2014). However,
after adjusting for socioeconomic factors, this association was no longer statistically
significant (b = 1.92, p = 1.00), indicating that the initial correlation was confounded by SES-
related differences. Schools with vegetation closer to the building are likely situated in
suburban or more affluent communities where lower-density development allows for closer
landscaping, and where baseline absenteeism tends to be lower due to socioeconomic
advantages.

4.6.3 Radon management. The presence of a passive radon mitigation system was
associated with a moderate decrease in absenteeism, with a 11.13-point lower rate (d = —0.68,
p < 0.001); however, this should be interpreted with caution due to the limited sample size
(N = 19), which reduces statistical power and reliability. Schools that had radon testing below
4 pCi/L also had a 5.17-point lower absenteeism rate (d = —0.31, p = 0.005). In controlled
MLR, radon testing remained significant (b = —4.14, p = 0.04), suggesting that proactive
environmental monitoring is independently associated with lower absenteeism. However, the
presence of a passive radon mitigation system lost significance (b = —3.46, p = 1.00), a
pattern consistent with confounding: the small number of schools with passive systems may be
concentrated in specific districts with distinctive socioeconomic profiles.

4.6.4 Materials. Mold surface materials results indicate that the presence of mold-
susceptible materials, paper-faced or gypsum products (drywall), and cellulose products
(ceiling tiles), is associated with higher absenteeism (d = 0.39, p <0.001; d = 0.34, p = 0.004,
respectively). This is consistent with the documented mold-absenteeism pathway: gypsum
boards with cellulosic paper are prone to fungal growth, which has been linked to structural
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ECAM degradation and risks such as sick building syndrome (Kazemian et al., 2019). Visible mold in
33,15 schools has been associated with higher absenteeism through worsened respiratory symptoms,
such as asthma (Simons et al., 2010). In the SES-controlled model, cellulose/ceiling products
retained a robust positive association (b = 6.57, p < 0.001), suggesting an independent
association with absenteeism. Paper-faced/gypsum surfaces became nonsignificant after SES
adjustment (b = 7.30, p = 0.11), suggesting that their presence covariates with neighborhood
contexts’ disadvantage.

4.6.5 IAQ conditions. The three inspector-rated ITAQ metrics (air filters, [AQ/ventilation,
humidity/moisture) showed no evidence of association in either set of results. Bivariate
correlations were extremely weak (all p < 0.09; p > 0.05), and all three metrics remained
nonsignificant after SES adjustment (all p > 0.60; full coefficients in Table 12). These
consistent null results likely reflect severe range restriction on the 3-point evaluation scale,
where scores cluster near the maximum and standard deviations are small, attenuating
statistical power. The pattern also suggests that static visual ratings do not capture the
operational characteristics most relevant to TAQ outcomes (e.g. filter type, replacement
frequency, real-time ventilation performance), which the literature identifies as the dimensions
most strongly associated with student attendance (Mendell et al., 2013).

448

5. Discussion
This study’s findings provide a granular, component-level understanding of the complex
relationship between the physical school environment and chronic student absenteeism.

5.1 The confounding role of socioeconomic context

The most important finding is the dominant role of community socioeconomic context. The
SES-only model explained 40% of the variance in chronic absenteeism, indicating that
neighborhood-level income and housing tenure are stronger correlates of student attendance
than any single physical building feature. This is consistent with the broader literature, which
recognizes poverty, family instability, and community disadvantage as primary correlates of
educational disengagement (Balfanz and Byrnes, 2012). More critically, over half of the
building features that appeared significant in the bivariate results, including building size
indicators, copper water piping, carpet condition, and several utility-system metrics, lost
significance once SES was controlled. This pattern demonstrates a pervasive confounding
structure: physically deteriorated buildings are concentrated in socioeconomically
disadvantaged communities, and what appears to be a “building effect” is, in many cases, a
neighborhood effect.

The finding about copper piping shows this clearly. In a bivariate analysis, buildings with
copper piping were associated with lower absenteeism, suggesting policy recommendations
for pipe replacement. However, after adjusting for SES, this association disappeared,
suggesting that copper piping reflects community wealth and building investment rather than
an independent factor related to student absenteeism. This highlights the risk of making policy
decisions based on unadjusted cross-sectional observational data and validates the importance
of including SES controls in all regression models.

5.2 Renovation and maintenance

Recent renovation emerged as an SES-independent building-level correlate of lower
absenteeism. Importantly, building age itself showed no association in either analysis.
Together, these findings suggest that it is not how old a school is that is associated with
absenteeism, but whether it has been actively maintained and renovated. This is consistent
with the evidence that buildings with adequate structural life may still have deteriorated indoor
environments when preventive maintenance is neglected (Lavy and Bilbo, 2009).
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However, the association between renovation and absenteeism should be interpreted with Engineering,
two caveats. First, recent renovation may partly proxy for district-level funding capacity rather ~ Construction and
than building quality alone (Lafortune and Schonholzer, 2017). Because school capital Architectural
funding relies heavily on local wealth, districts with greater fiscal resources are more likely to Management
undertake facility renovations (Filardo, 2021). These well-resourced districts also tend to
serve wealthier communities with lower baseline absenteeism (Sosu et al., 2021; Chang,
2025), meaning that residual confounding by unmeasured dimensions of district fiscal health
cannot be fully excluded despite the nine SES controls. Second, the cross-sectional design
cannot establish whether renovation precedes attendance improvement or whether districts
with improved attendance are more likely to invest in facilities. Longitudinal or quasi-
experimental designs, such as those exploiting the timing of bond-funded renovation programs
(Cellini et al., 2010), would be needed to assess directionality. From a policy perspective, the
results are consistent with prioritizing renovation of existing stock rather than privileging new
construction, though formal cost-effectiveness analysis would be required.
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5.3 Indoor air quality: pesticides, radon, and mold

The TAQ category produced the most numerous and strongest independent associations,
consistent with a well-established body of evidence linking indoor environmental exposures to
respiratory health and school attendance (Mendell and Heath, 2005; Mendell et al., 2011).

Indoor pesticide application was associated with substantially higher absenteeism, aligning
with prior work on chemical exposure pathways in school settings (Gilliland et al., 2001).
Outdoor pesticide use, by contrast, was associated with lower absenteeism. The contrasting
directions of the indoor and outdoor associations may reflect differences in underlying facility
management contexts: indoor application may reflect reactive responses to existing pest
infestations, whereas outdoor application may reflect more common preventive practices in
better-resourced schools. However, the cross-sectional design limits the ability to establish
directionality between these practices. This distinction is notable because it separates IAQ
from other categories (e.g. utility systems, building size) in which bivariate associations were
largely explained by socioeconomic confounding.

Radon testing below the EPA threshold was also associated with lower absenteeism,
suggesting that proactive environmental monitoring may serve as a marker of broader
institutional commitment to indoor environmental quality rather than a direct health pathway.

Similarly, among mold-related variables, the presence of cellulose/ceiling products
remained positively associated with absenteeism, consistent with epidemiological evidence
linking dampness, mold, and mold-susceptible materials to asthma and respiratory illness
(Mendell et al., 2011; Kazemian et al., 2019). Paper-faced/gypsum surfaces became
nonsignificant after controlling for SES, indicating that their presence covaries with
socioeconomic disadvantage. Replacing ceiling materials during routine renovation cycles
may represent a relatively low-cost, targeted intervention, though longitudinal evidence would
be required to establish whether such changes are associated with attendance improvements.

5.4 Inspector-assessed metrics: ERUL and condition ratings

Both ERUL and inspector-rated condition ratings are subjective assessments recorded during
facility walkthroughs, and their results follow a similar pattern. Multiple ERUL variables
exhibited positive bivariate correlations with absenteeism, but nearly all became
nonsignificant after SES adjustment, indicating socioeconomic confounding. Chimneys
ERUL was the sole exception (b = 0.46, p = 0.04), but this counterintuitive result should be
treated as hypothesis-generating given the cross-sectional design, the non-representative
analytic sample (N = 246; see Section 4.3), and the possibility of residual confounding.
Similarly, overall building rating and window condition exhibited suppression effects:
nonsignificant in bivariate analysis but positively associated with absenteeism after SES
control. As discussed in Sections 4.2 and 4.3, these sign reversals are consistent with the
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ECAM interpretation that visual ratings capture appearance rather than health-relevant performance,
33,15 but alternative statistical explanations, including residual confounding, collider bias, and
coefficient instability from elevated VIFs, cannot be excluded. All three findings should be
treated as exploratory.

The broader pattern across the study supports this concern. Aggregate facility metrics
generally showed no stable or directly interpretable association with absenteeism. Overall
building rating and window condition became significant only after SES adjustment, but these
suppression patterns were treated as exploratory because they may reflect residual
confounding, collider bias, or coefficient instability rather than a clear health-relevant
facility effect. Other perceived condition measures—cleanliness, lighting quality, general
appearance, and the three TAQ rating items—showed no associations with absenteeism in
either set of results, while component-level variables tied to specific materials, practices, and
exposures (indoor pesticide use, mold-susceptible ceiling materials, radon testing) retained
robust independent associations after SES adjustment. The implication is that conventional
inspection protocols, which rely on visible condition and broad ordinal scales, do not
consistently track the building features most relevant to student health and attendance: a
building can score favorably on aggregate ratings while still harboring the TAQ exposures most
strongly associated with absenteeism in this study.

These findings indicate a fundamental measurement gap in school facility assessment.
Periodic walkthroughs, whether for scoring conditions or estimating system longevity, provide
snapshots of visible quality but do not capture indoor environmental exposures most
consistently associated with attendance in this study. Recent work demonstrates the feasibility
and value of continuous, objective environmental monitoring in schools: Researchers
deployed year-long CO, sensors across Boston Public Schools and found that real-time data
revealed ventilation failures and spatial variability that periodic spot-checks would miss (Ge
et al., 2025), while others developed a protocol for large-scale sensor deployment across 280
classrooms in the Netherlands to objectively link IEQ to student outcomes (Palacios Temprano
et al., 2020). These school-specific monitoring approaches, along with emerging data-driven
frameworks for building environmental assessment (Karamoozian et al., 2026), advanced
construction technologies that influence long-term building performance (Karamoozian and
Zhang, 2026), and structured decision-making frameworks for system-level investment
(Karamoozian and Hong, 2023), offer potential directions for supplementing inspector
evaluations with objective, health-oriented measurements, though their integration into
mandated facility condition surveys such as the BCS remains untested.

450

5.5 Implications for practice and policy
The applied implication is not that districts should treat every significant coefficient as a direct
causal intervention. Instead, facility managers can use statistically robust and mechanistically
plausible associations as a screening framework for maintenance prioritization, consistent
with calls to align school facility assessment with health-relevant exposures rather than
aggregate visual condition (Mendell et al., 2013; Toyinbo, 2023). Routine inspections and
work-order systems should prioritize observable and modifiable components aligned with the
results, including indoor pesticide practices, given randomized evidence that integrated pest
management can reduce asthma-related symptom days (Phipatanakul et al., 2021); mold-
susceptible cellulose ceiling materials, which are linked to dampness-related respiratory
illness (Mendell et al., 2011); radon testing status, which remains uneven across U.S. schools
despite federal recommendations (Gordon et al., 2018); and recent renovation or maintenance
history. These items should be reviewed alongside complaints, nurse logs, IAQ records, and
attendance patterns before capital decisions are made.

For capital planning, the findings support targeted renovation of existing buildings over
age-based replacement alone, consistent with quasi-experimental evidence that renovation
activity, rather than building age itself, drives attendance- and achievement-relevant change
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(Cellini et al., 2010; Lafortune and Schonholzer, 2017). District administrators can use Engineering,
component-level BCS data to rank projects by potential health and attendance relevance, Construction and
especially in high-absenteeism schools serving socioeconomically disadvantaged Architectural
communities, where capital funding gaps are typically widest (Filardo, 2021). Because the Management
evidence is observational, priorities should be paired with follow-up evaluation, such as pre/
post attendance tracking and objective TAQ monitoring (Palacios Temprano et al., 2020;
Ge et al., 2025).

Two additional policy implications follow. First, aggregate facility ratings and inspector-
rated condition scores should not be used as standalone indicators of attendance-relevant
building performance because they did not track the building features most strongly associated
with absenteeism; continuous IAQ instrumentation, such as CO, and particulate monitoring,
can supplement periodic walkthroughs and reduce this measurement gap. Second, because
socioeconomic context explained approximately 40% of absenteeism variance, facility
investment should be treated as one component of a broader attendance strategy that also
addresses health, transportation, and family engagement.

451

5.6 Limitations and future research directions

Several limitations arise from this study. First, given their observational, cross-sectional
design, the findings reflect associations rather than causal relationships and should not serve as
the sole basis for policy decisions without support from longitudinal or experimental research.
Second, the building condition data relied on inspector assessments with restricted variance,
which limits precision; future work would benefit from objective indoor environmental
monitoring, including measurements of VOCs, particulate matter, and humidity, to better
characterize occupant exposures. Third, although the analysis adjusted for nine SES variables,
residual confounding likely remains, particularly from unmeasured factors such as school
district policies and student health characteristics. In addition, listwise deletion reduced the
analytic sample for some building categories, and the regression sample for envelope variables
differed systematically from the excluded buildings on both absenteeism and SES
characteristics, potentially introducing selection bias. Finally, because the study was limited
to New York State, the findings may not generalize across jurisdictions with different school
systems, building stock, and policy contexts. Future research should employ longitudinal or
quasi-experimental designs to establish temporal precedence, incorporate objective TAQ
instrumentation (continuous environmental monitoring) to validate and supplement inspector-
based assessments, conduct formal cost-benefit analysis for the targeted interventions
suggested by the robust associations identified here, and extend this framework to school
systems with more diverse socioeconomic backgrounds in other jurisdictions across the
nation.

6. Conclusion
This study linked chronic absenteeism data for New York State public school buildings with
component-level building information from the 2024 Building Condition Survey, applying
Bonferroni-corrected bivariate tests and socioeconomics-controlled multiple linear regression
to identify which facility characteristics are independently associated with student absence.
The results point toward a coherent, if cautious, set of priorities for school facility
management. Community socioeconomic context is the dominant correlate of chronic
absenteeism (R* = 0.40), and most building-level associations identified in unadjusted
analysis were confounded by neighborhood-level disadvantage. However, a targeted subset of
building features retained independent significance after SES adjustment, and these features
share a common characteristic: they reflect specific materials, practices, and exposures rather
than aggregate condition ratings. Practically, the findings are consistent with four actionable
directions, each requiring longitudinal or experimental confirmation before implementation:
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ECAM (1) prioritizing renovation and modernization of existing facilities over new construction,
33,15 given that building age showed no association with absenteeism while recent renovation did,;
(2) transitioning pesticide management from indoor to outdoor application protocols, given
the strong contrasting associations; (3) replacing mold-susceptible ceiling materials (cellulose
products) during routine renovation cycles; and (4) instituting systematic radon testing as part
of standard facility management.

A second cross-cutting finding is the disconnect between inspector-assessed facility
metrics and health-relevant building conditions. No aggregate rating or ordinal condition score
showed a robust independent association with absenteeism, while specific component-level
variables did. This pattern emerged consistently across five building categories through a four-
case interpretive structure that organized the results into features that remained significant
after SES adjustment (robust; e.g. recent renovation, indoor pesticide use, cellulose ceiling
materials), features whose unadjusted significance disappeared after adjustment (confounded,;
e.g. building size, copper piping), features that became significant only after SES adjustment
(suppressed; e.g. overall building rating, window condition), and features that showed no
association in either analysis (null; e.g. building age, most inspector-rated condition scores).
This framework helps distinguish building-attendance associations that are more likely to be
independent from those that may reflect socioeconomic context or limitations of conventional
facility metrics. More broadly, the study contributes a rare SES-controlled, multi-system
comparative analysis of school building features and chronic absenteeism using standardized
architect/engineer survey data, and shows that, in this dataset, many unadjusted building-
attendance associations were attenuated after accounting for socioeconomic confounding.

452

Al disclosure

During the preparation of this work, the author(s) used OpenAlI to improve the language. After using this
tool/service, the author(s) reviewed and edited the content as needed and took full responsibility for the
publication’s content.

References

Abou Taleb, M.A., Mohamed, M.F., Nofal, F.H., Noweir, K.H. and El-Barawy, M.A. (2002), “Indoor
air quality of schools in Alexandria city”, The Journal of the Egyptian Public Health
Association, Vol. 77 Nos 3-4, pp. 307-328.

Allen, J.G., MacNaughton, P., Satish, U., Santanam, S., Vallarino, J. and Spengler, J.D. (2016),
“Associations of cognitive function scores with carbon dioxide, ventilation, and volatile organic
compound exposures in office workers: a controlled exposure study of green and conventional
office environments”, Environmental Health Perspectives, Vol. 124 No. 6, pp. 805-812, doi:
10.1289/ehp.1510037.

Allensworth, E. and Easton, J.Q. (2007), What Matters for Staying On-Track and Graduating in
Chicago Public Schools, Consortium on Chicago School Research at the University of Chicago,
Chicago, IL.

Awada, M., Becerik-Gerber, B., Hoque, S., O’Neill, Z., Pedrielli, G., Wen, J. and Wu, T. (2021), “Ten
questions concerning occupant health in buildings during normal operations and extreme events
including the COVID-19 pandemic”, Building and Environment, Vol. 188, 107480, doi:
10.1016/j.buildenv.2020.107480.

Balfanz, R. and Byrnes, V. (2012), “The importance of being in school: a report on absenteeism in the
nation’s public schools”, The Education Digest, Vol. 78 No. 2, p. 4.

Becher, R., @vrevik, J., Schwarze, P., Nilsen, S., Hongslo, J. and Bakke, J. (2018), “Do carpets impair
indoor air quality and cause adverse health outcomes: a review”, International Journal of
Environmental Research and Public Health, Vol. 15 No. 2, p. 184, doi: 10.3390/ijerph15020184.

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026


https://doi.org/10.1289/ehp.1510037
https://doi.org/10.1016/j.buildenv.2020.107480
https://doi.org/10.3390/ijerph15020184

Benjamini, Y. and Hochberg, Y. (1995), “Controlling the false discovery rate: a practical and powerful Engineering,

approach to multiple testing”, Journal of the Royal Statistical Society Series B: Statistical Construction and
Methodology, Vol. 57 No. 1, pp. 289-300, doi: 10.1111/j.2517-6161.1995.tb02031.x. Architectural
Bland, J.M. and Altman, D.G. (1995), “Multiple significance tests: the Bonferroni method”, BMJ, Management

Vol. 310 No. 6973, p. 170, doi: 10.1136/bm;j.310.6973.170.

Buckley, J., Schneider, M. and Shang, Y. (2005), “Fix it and they might stay: school facility quality and
teacher retention in Washington, DC”, Teachers College Record: The Voice of Scholarship in 453
Education, Vol. 107 No. 5, pp. 1107-1123, doi: 10.1111/j.1467-9620.2005.00506.x.

Cash, C.S. (1993), “Building condition and student achievement and behavior”, p. 158, available at:
http://proxy.library.nyu.edu/login?qurl=https%3A%2F%2Fwww.proquest.com%
2Fdissertations-theses%2Fbuilding-condition-student-achievement-behavior%2Fdocview%
2F304083250%2Fse-2%3Faccountid%3D12768

Cellini, S.R., Ferreira, F. and Rothstein, J. (2010), “The value of school facility investments: evidence
from a dynamic regression discontinuity design”, Quarterly Journal of Economics, Vol. 125
No. 1, pp. 215-261, doi: 10.1162/qjec.2010.125.1.215.

Chang, H. (2025), Continued High Levels of Chronic Absence, with Some Improvements, Require
Action, Attendance Works, available at: https://www.attendanceworks.org/continued-high-
levels-of-chronic-absence-with-some-improvements-require-action/

Cobhen, J. (2013), Statistical Power Analysis for the Behavioral Sciences, Routledge, New York, NY,
doi: 10.4324/9780203771587.

Dickerson, D.E. and Ackerman, P.J. (2016), “Risk-based maintenance management of U.S. public
school facilities”, Procedia Engineering, Vol. 145, pp. 685-692, doi: 10.1016/
j.proeng.2016.04.069.

Diener, A. and Mudu, P. (2021), “How can vegetation protect us from air pollution? A critical review
on green spaces’ mitigation abilities for air-borne particles from a public health perspective -
with implications for urban planning”, Science of the Total Environment, Vol. 796, 148605, doi:
10.1016/j.scitotenv.2021.148605.

DiNapoli, T.P. (2024), Missing School: New York’s Stubbornly High Rates of Chronic Absenteeism,
Office of the New York State Comptroller, Albany, NY.

Dunn, O.J. (1961), “Multiple comparisons among means”, Journal of the American Statistical
Association, Vol. 56 No. 293, pp. 52-64, doi: 10.1080/01621459.1961.10482090.

Duran-Narucki, V. (2008), “School building condition, school attendance, and academic achievement
in New York city public schools: a mediation model”, Journal of Environmental Psychology,
Vol. 28 No. 3, pp. 278-286, doi: 10.1016/j.jenvp.2008.02.008.

Earthman, G.I. (2002), “School facility conditions and student academic achievement”.

Filardo, M. (2021), State of Our Schools: America’s PK—12 Public School Facilities, 21st Century
School Fund, Washington, DC.

Gaihre, S., Semple, S., Miller, J., Fielding, S. and Turner, S. (2014), “Classroom carbon dioxide
concentration, school attendance, and educational attainment”, Journal of School Health, Vol. 84
No. 9, pp. 569-574, doi: 10.1111/josh.12183.

GAO (2020), K-12 Education: School Districts Frequently Identified Multiple Building Systems
Needing Updates or Replacement, U.S. Government Accountability Office, Washington, DC.

Ge, B., Tieskens, K., Vyas, P., Botana Martinez, M.P., Yuan, Y., Walsh, K.H., Main, L., Bolton, L.,
Yajima, M. and Fabian, M.P. (2025), “Decision tools for schools using continuous indoor air
quality monitors: a case study of CO2 in Boston public schools”, The Lancet Regional Health -
Americas, Vol. 48, 101148, doi: 10.1016/j.1ana.2025.101148.

Gilliland, F.D., Berhane, K., Rappaport, E.B., Thomas, D.C., Avol, E., Gauderman, W.J., London, S.J.,
Margolis, H.G., McConnell, R., Islam, K.T. and Peters, J.M. (2001), “The effects of ambient air
pollution on school absenteeism due to respiratory illnesses”, Epidemiology, Vol. 12 No. 1,
pp. 43-54, doi: 10.1097/00001648-200101000-00009.

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026


https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1136/bmj.310.6973.170
https://doi.org/10.1111/j.1467-9620.2005.00506.x
http://proxy.library.nyu.edu/login?qurl=https%3A%2F%2Fwww.proquest.com%2Fdissertations-theses%2Fbuilding-condition-student-achievement-behavior%2Fdocview%2F304083250%2Fse-2%3Faccountid%3D12768
http://proxy.library.nyu.edu/login?qurl=https%3A%2F%2Fwww.proquest.com%2Fdissertations-theses%2Fbuilding-condition-student-achievement-behavior%2Fdocview%2F304083250%2Fse-2%3Faccountid%3D12768
http://proxy.library.nyu.edu/login?qurl=https%3A%2F%2Fwww.proquest.com%2Fdissertations-theses%2Fbuilding-condition-student-achievement-behavior%2Fdocview%2F304083250%2Fse-2%3Faccountid%3D12768
https://doi.org/10.1162/qjec.2010.125.1.215
https://www.attendanceworks.org/continued-high-levels-of-chronic-absence-with-some-improvements-require-action/
https://www.attendanceworks.org/continued-high-levels-of-chronic-absence-with-some-improvements-require-action/
https://doi.org/10.4324/9780203771587
https://doi.org/10.1016/j.proeng.2016.04.069
https://doi.org/10.1016/j.proeng.2016.04.069
https://doi.org/10.1016/j.scitotenv.2021.148605
https://doi.org/10.1080/01621459.1961.10482090
https://doi.org/10.1016/j.jenvp.2008.02.008
https://doi.org/10.1111/josh.12183
https://doi.org/10.1016/j.lana.2025.101148
https://doi.org/10.1097/00001648-200101000-00009

ECAM Gordon, K., Terry, P.D., Liu, X., Harris, T., Vowell, D., Yard, B. and Chen, J. (2018), “Radon in
33.15 schools: a brief review of state laws and regulations in the United States”, International Journal
’ of Environmental Research and Public Health, Vol. 15 No. 10, p. 2149, doi: 10.3390/
ijerph15102149.

Gottfried, M.A. (2010), “Evaluating the relationship between student attendance and achievement in
urban elementary and middle schools: an instrumental variables approach”, American
Educational Research Journal, Vol. 47 No. 2, pp. 434-465, doi: 10.3102/0002831209350494.

454 Gottfried, M.A. (2014), “Chronic absenteeism and its effects on students’ academic and socioemotional
outcomes”, Journal of Education for Students Placed at Risk (JESPAR), Vol. 19 No. 2,
pp. 53-75, doi: 10.1080/10824669.2014.962696.

Graham, J.W. (2009), “Missing data analysis: making it work in the real world”, Annual Review of
Psychology, Vol. 60 No. 1, pp. 549-576, doi: 10.1146/annurev.psych.58.110405.085530.

Hair, J.F. Jr, Black, W.C., Babin, B.J. and Anderson, R.E. (2010), Multivariate Data Analysis, p. 785.

Haverinen-Shaughnessy, U., Shaughnessy, R.J., Cole, E.C., Toyinbo, O. and Moschandreas, D.J.
(2015), “An assessment of indoor environmental quality in schools and its association with
health and performance”, Building and Environment, Vol. 93, pp. 35-40, doi: 10.1016/
j.buildenv.2015.03.006.

Heissel, J.A., Persico, C. and Simon, D. (2022), “Does pollution drive achievement? The effect of
traffic pollution on academic performance”, Journal of Human Resources, Vol. 57 No. 3,
pp. 747-776, doi: 10.3368/jhr.57.3.1218-9903R2.

Heschong, L., Wright, R.L. and Okura, S. (2002), “Daylighting impacts on human performance in
school”, Journal of the Illuminating Engineering Society, Vol. 31 No. 2, pp. 101-114, doi:
10.1080/00994480.2002.10748396.

Hodgson, A.T., Wooley, J.D. and Daisey, J.M. (1993), “Emissions of volatile organic compounds from
new carpets measured in a large-scale environmental chamber”, Air and Waste, Vol. 43 No. 3,
pp. 316-324, doi: 10.1080/1073161X.1993.10467136.

Jarnstrom, H., Saarela, K., Kalliokoski, P. and Pasanen, A. (2006), “Reference values for indoor air
pollutant concentrations in new, residential buildings in Finland”, Atmospheric Environment,
Vol. 40 No. 37, pp. 7178-7191, doi: 10.1016/j.atmosenv.2006.06.021.

Jasper, C., Le, T.-T. and Bartram, J. (2012), “Water and sanitation in schools: a systematic review of the
health and educational outcomes”, International Journal of Environmental Research and Public
Health, Vol. 9 No. 8, pp. 2772-2787, doi: 10.3390/ijerph9082772.

Karamoozian, M. and Hong, Z. (2023), “Using a decision-making tool to select the optimal industrial
housing construction system in Tehran”, Journal of Asian Architecture and Building
Engineering, Vol. 22 No. 4, pp. 2189-2208, doi: 10.1080/13467581.2022.2145205.

Karamoozian, M. and Zhang, H. (2025), “Obstacles to green building accreditation during operating
phases: identifying challenges and solutions for sustainable development”, Journal of Asian
Architecture and Building Engineering, Vol. 24 No. 1, pp. 350-366, doi: 10.1080/
13467581.2023.2280697.

Karamoozian, M. and Zhang, H. (2026), “Pushing the boundaries of prefabricated shell building design
with building information modeling (BIM) and ultra-high performance concrete (UHPC)”,
Engineering, Construction and Architectural Management, Vol. 33 No. 3, pp. 2564-2585, doi:
10.1108/ECAM-05-2024-0548.

Karamoozian, M., Hong, Z., Karamoozian, A., Abbasnejad, B. and Rahimian, F. (2026), “Predictive
automation of window ventilation in green buildings: a data-driven framework for integrating
IoT sensors, machine learning, and occupant behavior modeling”, Indoor Air, Edited by Jha, P.,
Vol. 2026 No. 1, 3775422, doi: 10.1155/ina/3775422.

Kazemian, N., Pakpour, S., Milani, A.S. and Klironomos, J. (2019), “Environmental factors influencing
fungal growth on gypsum boards and their structural biodeterioration: a university campus case
study”, PLoS One, Edited by Mourshed, M., Vol. 14 No. 8, e0220556, doi: 10.1371/
journal.pone.0220556.

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026


https://doi.org/10.3390/ijerph15102149
https://doi.org/10.3390/ijerph15102149
https://doi.org/10.3102/0002831209350494
https://doi.org/10.1080/10824669.2014.962696
https://doi.org/10.1146/annurev.psych.58.110405.085530
https://doi.org/10.1016/j.buildenv.2015.03.006
https://doi.org/10.1016/j.buildenv.2015.03.006
https://doi.org/10.3368/jhr.57.3.1218-9903R2
https://doi.org/10.1080/00994480.2002.10748396
https://doi.org/10.1080/1073161X.1993.10467136
https://doi.org/10.1016/j.atmosenv.2006.06.021
https://doi.org/10.3390/ijerph9082772
https://doi.org/10.1080/13467581.2022.2145205
https://doi.org/10.1080/13467581.2023.2280697
https://doi.org/10.1080/13467581.2023.2280697
https://doi.org/10.1108/ECAM-05-2024-0548
https://doi.org/10.1155/ina/3775422
https://doi.org/10.1371/journal.pone.0220556
https://doi.org/10.1371/journal.pone.0220556

Kearney, C.A. (2008), “School absenteeism and school refusal behavior in youth: a contemporary Engineering,
review”, Clinical Psychology Review, Vol. 28 No. 3, pp. 451-471, doi: 10.1016/j.cpr.2007.07.012.  Construction and

Klein, M. and Sosu, E.M. (2024), “School attendance and academic achievement: understanding Architectural
variation across family socioeconomic status”, Sociology of Education, Vol. 97 No. 1, pp. 58-75, Management
doi: 10.1177/00380407231191541.

Klein, M., Sosu, E.M. and Dare, S. (2020), “Mapping inequalities in school attendance: the relationship
between dimensions of socioeconomic status and forms of school absence”, Children and Youth 455
Services Review, Vol. 118, 105432, doi: 10.1016/j.childyouth.2020.105432.

Kreiss, K. (2013), “Dampness and mould in schools and respiratory symptoms”, Occupational and
Environmental Medicine, Vol. 70 No. 10, pp. 679-680, doi: 10.1136/0emed-2013-101641.

Lafortune, J. and Schonholzer, D. (2017), “Does new school construction impact student test scores and
attendance?”, available at: https://escholarship.org/uc/item/6504d11d

Lavy, S. and Bilbo, D.L. (2009), “Facilities maintenance management practices in large public schools,
Texas”, Facilities, Vol. 27 Nos 1/2, pp. 5-20, doi: 10.1108/02632770910923054.

Lim, E., Davis, J., Choi, S.Y. and Chen, J.J. (2019), “Effect of sociodemographics, health-related
problems, and family structure on chronic absenteeism among children”, Journal of School
Health, Vol. 89 No. 4, pp. 308-318, doi: 10.1111/josh.12736.

MacKinnon, J.G. and White, H. (1985), “Some heteroskedasticity-consistent covariance matrix
estimators with improved finite sample properties”, Journal of Econometrics, Vol. 29 No. 3,
pp. 305-325, doi: 10.1016/0304-4076(85)90158-7.

Maxwell, L.E. (2016), “School building condition, social climate, student attendance and academic
achievement: a mediation model”, Journal of Environmental Psychology, Vol. 46, pp. 206-216,
doi: 10.1016/j.jenvp.2016.04.0009.

Mendell, M.J. and Heath, G.A. (2005), “Do indoor pollutants and thermal conditions in schools
influence student performance? A critical review of the literature”, Indoor Air, Vol. 15 No. 1,
pp. 27-52, doi: 10.1111/j.1600-0668.2004.00320.x.

Mendell, M.J., Mirer, A.G., Cheung, K., Tong, M. and Douwes, J. (2011), “Respiratory and allergic
health effects of dampness, mold, and dampness-related agents: a review of the epidemiologic
evidence”, Environmental Health Perspectives, Vol. 119 No. 6, pp. 748-756, doi: 10.1289/
ehp.1002410.

Mendell, M.J., Eliseeva, E.A., Davies, M.M., Spears, M., Lobscheid, A., Fisk, W.J. and Apte, M.G.
(2013), “Association of classroom ventilation with reduced illness absence: a prospective study
in California elementary schools”, Indoor Air, Vol. 23 No. 6, pp. 515-528, doi: 10.1111/
ina.12042.

Mendoza, D.L., Pirozzi, C.S., Crosman, E.T., Liou, T.G., Zhang, Y., Cleeves, J.J., Bannister, S.C.,
Anderegg, W.R.L. and Robert, P.I. (2020), “Impact of low-level fine particulate matter and
ozone exposure on absences in K-12 students and economic consequences”, Environmental
Research Letters, Vol. 15 No. 11, 114052, doi: 10.1088/1748-9326/abbf7a.

Meng, Y., Babey, S. and Wolstein, J. (2012), “Asthma-related school absenteeism and school
concentration of low-income students in California”, Preventing Chronic Disease, Vol. 9, doi:
10.5888/pcd9.110312.

Montero, D.A., Arellano, C., Pardo, M., Vera, R., Galvez, R., Cifuentes, M., Berasain, M.A., Gomez,
M., Ramirez, C. and Vidal, R.M. (2019), “Antimicrobial properties of a novel copper-based
composite coating with potential for use in healthcare facilities”, Antimicrobial Resistance and
Infection Control, Vol. 8 No. 1, p. 3, doi: 10.1186/s13756-018-0456-4.

NYSED (2025), Understanding the New York State Accountability System Under the Every Student
Succeeds Act (ESSA) for 2024-2025 Accountability Statuses Based on 2023-2024 Results, New
York State Education Department, Albany, NY.

Office of Facilities Planning (2020), “Building condition survey instructions”, available at: https://
p12.nysed.gov/facplan/BldgCondSurv.htm

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026


https://doi.org/10.1016/j.cpr.2007.07.012
https://doi.org/10.1177/00380407231191541
https://doi.org/10.1016/j.childyouth.2020.105432
https://doi.org/10.1136/oemed-2013-101641
https://escholarship.org/uc/item/6504d11d
https://doi.org/10.1108/02632770910923054
https://doi.org/10.1111/josh.12736
https://doi.org/10.1016/0304-4076(85)90158-7
https://doi.org/10.1016/j.jenvp.2016.04.009
https://doi.org/10.1111/j.1600-0668.2004.00320.x
https://doi.org/10.1289/ehp.1002410
https://doi.org/10.1289/ehp.1002410
https://doi.org/10.1111/ina.12042
https://doi.org/10.1111/ina.12042
https://doi.org/10.1088/1748-9326/abbf7a
https://doi.org/10.5888/pcd9.110312
https://doi.org/10.1186/s13756-018-0456-4
https://p12.nysed.gov/facplan/BldgCondSurv.htm
https://p12.nysed.gov/facplan/BldgCondSurv.htm

ECAM Palacios Temprano, J., Eichholtz, P., Willeboordse, M. and Kok, N. (2020), “Indoor environmental
33.15 quality and learning outcomes: protocol on large-scale sensor deployment in schools”, BMJ
’ Open, Vol. 10 No. 3, e031233, doi: 10.1136/bmjopen-2019-031233.

Phipatanakul, W. (2006), “Environmental factors and childhood asthma”, Pediatric Annals, Vol. 35
No. 9, pp. 647-656, doi: 10.3928/0090-4481-20060901-08.

Phipatanakul, W., Koutrakis, P., Coull, B.A., Petty, C.R., Gaffin, J.M., Sheehan, W.J.,, Lai, P.S.,

4 Bartnikas, L.M., Kang, C.M., Wolfson, J.M., Samnaliev, M., Cunningham, A., Baxi, S.N.,
56 Permaul, P., Hauptman, M., Trivedi, M., Louisias, M., Liang, L., Thorne, P.S., Metwali, N.,

Adamkiewicz, G., Israel, E., Baccarelli, A.A., Gold, D.R., Kantor, D., Akar-Ghibril, N.,
Gunnlaugsson, S., Esty, B., Crestani, E., Maciag, M., Burke-Roberts, E., Banzon, T., Minnicozzi,
S., Sedaghat, A., Jackson, M., Comfort, N., Weller, E., Vasquez-Muniz, A.C., Konzelman, V.,
Garcia, G., Waskosky, S., Ramsey, A.C., Ansel-Kelly, E., Bairaktaris, V., Bell, D., Adler, N.,
Mathews, R., Ruran, H.B., Volonte, B., Pacheco, J., Zia, A., Saia, J., Castillo-Hernandez, A.,
Peterson, B., Rooney, J., Rega, R., Bailey, A., Greco, K., Ratchataswan, T. and Osganian, S.
(2021), “Effect of school integrated Pest management or classroom air filter purifiers on asthma
symptoms in students with active asthma: a randomized clinical trial”, JAMA, Vol. 326 No. 9, p.
839, doi: 10.1001/jama.2021.11559.

Ready, D.D. (2010), “Socioeconomic disadvantage, school attendance, and early cognitive
development: the differential effects of school exposure”, Sociology of Education, Vol. 83 No. 4,
pp. 271-286, doi: 10.1177/0038040710383520.

Sadeghi, M., de Dear, R., Morgan, G., Santamouris, M. and Jalaludin, B. (2021), “Development of a
heat stress exposure metric — impact of intensity and duration of exposure to heat on
physiological thermal regulation”, Building and Environment, Vol. 200, 107947, doi: 10.1016/
j.buildenv.2021.107947.

Sauve-Syed, J. (2024), “Lead exposure and student outcomes: a study of flint schools”, Health
Economics, Vol. 33 No. 3, pp. 432-448, doi: 10.1002/hec.4776.

Sheehan, W.J., Rangsithienchai, P.A., Wood, R.A., Rivard, D., Chinratanapisit, S., Perzanowski, M.S.,
Chew, G.L., Seltzer, J.M., Matsui, E.C. and Phipatanakul, W. (2010), “Pest and allergen
exposure and abatement in inner-city asthma: a work group report of the American academy of
allergy, asthma & immunology indoor allergy/air pollution committee”, Journal of Allergy and
Clinical Immunology, Vol. 125 No. 3, pp. 575-581, doi: 10.1016/j.jaci.2010.01.023.

Shield, B.M. and Dockrell, J.E. (2008), “The effects of environmental and classroom noise on the
academic attainments of primary school children”, The Journal of the Acoustical Society of
America, Vol. 123 No. 1, pp. 133-144, doi: 10.1121/1.2812596.

Simons, E., Hwang, S.A., Fitzgerald, E.F., Kielb, C. and Lin, S. (2010), “The impact of school building
conditions on student absenteeism in upstate New York”, American Journal of Public Health,
Vol. 100 No. 9, pp. 1679-1686, doi: 10.2105/AJPH.2009.165324.

Sosu, E.M., Dare, S., Goodfellow, C. and Klein, M. (2021), “Socioeconomic status and school
absenteeism: a systematic review and narrative synthesis”, Review of Education, Vol. 9 No. 3,
e3291, doi: 10.1002/rev3.3291.

Spearman, C. (1904), “The proof and measurement of association between two things”, The American
Journal of Psychology, Vol. 15 No. 1, p. 72, doi: 10.2307/1412159.

Tanner, C.K. (2009), “Effects of school design on student outcomes”, Journal of Educational
Administration. Edited by Uline, C.L., Vol. 47 No. 3, pp. 381-399, doi: 10.1108/
09578230910955809.

Toyinbo, O. (2023), “Indoor environmental quality, pupils’ health, and academic performance-a
literature review”, Buildings, Vol. 13 No. 9, p. 2172, doi: 10.3390/buildings13092172.

Toyinbo, O., Phipatanakul, W., Shaughnessy, R. and Haverinen-Shaughnessy, U. (2019), “Building and
indoor environmental quality assessment of Nigerian primary schools: a pilot study”, Indoor Air,
Vol. 29 No. 3, pp. 510-520, doi: 10.1111/ina.12547.

Tyrvdinen, L., Ojala, A., Korpela, K., Lanki, T., Tsunetsugu, Y. and Kagawa, T. (2014), “The influence
of urban green environments on stress relief measures: a field experiment”, Journal of
Environmental Psychology, Vol. 38, pp. 1-9, doi: 10.1016/j.jenvp.2013.12.005.

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026


https://doi.org/10.1136/bmjopen-2019-031233
https://doi.org/10.3928/0090-4481-20060901-08
https://doi.org/10.1001/jama.2021.11559
https://doi.org/10.1177/0038040710383520
https://doi.org/10.1016/j.buildenv.2021.107947
https://doi.org/10.1016/j.buildenv.2021.107947
https://doi.org/10.1002/hec.4776
https://doi.org/10.1016/j.jaci.2010.01.023
https://doi.org/10.1121/1.2812596
https://doi.org/10.2105/AJPH.2009.165324
https://doi.org/10.1002/rev3.3291
https://doi.org/10.2307/1412159
https://doi.org/10.1108/09578230910955809
https://doi.org/10.1108/09578230910955809
https://doi.org/10.3390/buildings13092172
https://doi.org/10.1111/ina.12547
https://doi.org/10.1016/j.jenvp.2013.12.005

Uline, C. and Tschannen-Moran, M. (2008), “The walls speak: the interplay of quality facilities, school Engineering,

climate, and student achievement”, Journal of Educational Administration, Vol. 46 No. 1, Construction and
pp. 55-73, doi: 10.1108/09578230810849817. Architectural
Vargas, 1., Fischer, D., Alsina, M., Pavissich, J., Pastén, P. and Pizarro, G. (2017), “Copper corrosion Management
and biocorrosion events in premise plumbing”, Materials, Vol. 10 No. 9, p. 1036, doi: 10.3390/
mal0091036.
Wargocki, P. and Wyon, D.P. (2007), “The effects of moderately raised classroom temperatures and 457
classroom ventilation rate on the performance of schoolwork by children (RP-1257)”, HVAC&R

Research, Vol. 13 No. 2, pp. 193-220, doi: 10.1080/10789669.2007.10390951.

Wei, W., Ramalho, O. and Mandin, C. (2019), “A long-term dynamic model for predicting the
concentration of semivolatile organic compounds in indoor environments: application to
phthalates”, Building and Environment, Vol. 148, pp. 11-19, doi: 10.1016/
j.buildenv.2018.10.044.

WHO (2004), Copper in Drinking-Water: Background Document for Development of WHO Guidelines
for Drinking-Water Quality, World Health Organization, Geneva.

Corresponding author
Mohamad Awada can be contacted at: ma9153@nyu.edu

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Downloaded from ftp.nowpublishers.com/ecam/article-pdf/33/15/432/11654711/ecam-02-2026-0241en.pdf by guest on 12 September 2026


https://doi.org/10.1108/09578230810849817
https://doi.org/10.3390/ma10091036
https://doi.org/10.3390/ma10091036
https://doi.org/10.1080/10789669.2007.10390951
https://doi.org/10.1016/j.buildenv.2018.10.044
https://doi.org/10.1016/j.buildenv.2018.10.044
mailto:ma9153@nyu.edu

	School building conditions and chronic absenteeism within socioeconomic contexts: a component-level statistical analysis in ...
	Introduction
	Literature review
	School facility conditions and student attendance: mechanisms and measurement gaps
	Core building systems and infrastructure impacts on student health and attendance
	Indoor environmental quality and air quality as determinants of student absenteeism
	Socioeconomic determinants of school attendance

	Methodology
	Data sources and sample
	Building characteristics
	Statistical analysis

	Results
	Socioeconomic status
	Foundational building characteristics
	Building envelope
	Utility systems and infrastructure
	Environment, comfort, and health
	Indoor air quality
	Pesticides management
	Vegetation
	Radon management
	Materials
	IAQ conditions


	Discussion
	The confounding role of socioeconomic context
	Renovation and maintenance
	Indoor air quality: pesticides, radon, and mold
	Inspector-assessed metrics: ERUL and condition ratings
	Implications for practice and policy
	Limitations and future research directions

	Conclusion
	AI disclosure
	References


