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Abstract

Background: Neighborhood disadvantage (ND) is a risk factor for child behavior problems 

(CBPs), but is understudied outside the United States and Europe. Our mixed methods study aims 

to (1) create a culturally meaningful measure of ND, (2) test cross-sectional associations between 

ND and CBPs and (3) qualitatively explore life in the neighborhoods of families participating in 

the Salud Ambiental Montevideo (SAM) study.

Methods: The quantitative study (Study 1) comprised 272, ~7-year-old children with geolocation 

and complete data on twelve behavioral outcomes (Conner’s Teachers Rating Scale – Revised 

Short Form: CTRS-R:S and Behavioral Rating Inventory of Executive Functioning: BRIEF). 

A ND factor was created at the census segment level (1,055 segments) with 19 potential 

indicators of ND downloaded from the Municipality of Montevideo Geographic Services. 

Children were assigned ND scores based on the location of their household within a census 

segment. Multilevel models tested associations between ND and all CBP scales, controlling for 

confounders at the individual level. The qualitative study (Study 2) comprised 10 SAM caregivers. 

Photovoice alongside semi-structured interviews in Spanish were used to foster conversations 

about neighborhood quality, activities, and raising children. Thematic analysis with inductive 

coding was used to summarize qualitative study findings.

Results: The ND factor consisted of 12 census-based indicators related to education, 

employment, ethnicity, housing quality, and age characteristics, but unrelated to home ownership 

and some ethnicity variables. In multivariable models, ND was associated with greater conduct 

problems (β=1.37, p<.05), poor shifting (β=1.56, p<.01) and emotional control problems (β=2.36, 

p<.001). Photovoice and semi-structured interviews yielded four themes: physical disorder, 

recreation, safety and crime, and community resources. Residents discussed improving waste 

management and transportation, updating playgrounds, and ensuring neighborhood safety.
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Conclusions: ND in Montevideo comprised a unique set of census indicators. ND was primarily 

related to behavioral regulation problems. Hypothesized pathways whereby ND affects CBPs are 

discussed.

Background

Childhood behavior problems (CBPs) are an important familial, educational and societal 

issue with multiple levels of determinants, from exposure to environmental toxicants 

such as lead (1–3) to neighborhood disadvantage (ND) (4). CBPs have a bi-directional 

relationship with parental stress over time (5) and contribute to poor academic achievement 

in childhood (6), as well as unsafe sex (7) and higher consumption of alcohol (8, 9) later in 

adolescence. ND is an important contributor to CBPs. Studies conducted in North America 

and Europe demonstrate that behavior problems are more common among children living 

in disadvantaged neighborhoods (10–15). In these contexts, ND is specifically related to: 

proactive aggression (16), social-emotional problems (17), conduct problems (18, 19) and 

problems with self-regulation (20).

Research on ND and CBPs outside North America and Europe is lacking. This is a problem 

as an estimated 26% of children have poor socioemotional development in low and middle 

income countries (LMICs) (21). Nevertheless, inappropriate definitions or application of ND 

concepts in settings outside of their original development can result in misclassification of 

disadvantage, underestimation of effects and erroneous inferences. Mitlin and Satterthwaite 

(2013) argue that western definitions of poverty do not capture the extent and nature 

of urban poverty in other settings; revealing inconsistencies between official estimates 

and other indicators of urban poverty (22). For example, while 18% of Dar es Salaam’s 

Tanzanian population officially live in poverty, 30% of households live in one room and 70% 

of the population live in informal settlements (22, 23). In Pune India, 40% of residents live 

in poor quality housing while the official poverty estimate is 2% (24). It is important to 

carefully consider the conceptualization of ND in the Global South to better understand its 

effects on CBPs.

Sociocultural and economic differences among high and lower-income countries make the 

translation of North American or European indices of ND to other settings problematic, 

necessitating the development of context-specific metrics. In North American or European 

studies census-based demographic variables (e.g. ethnic composition, number of children, 

single parent households), poverty level, housing (e.g. ownership, monetary value, 

crowding), employment, and education level (25–29) are commonly included. Many studies 

replicate the ND factor developed by Sampson and colleagues from U.S. census variables 

using percentage of the population: on welfare, below poverty line, unemployed, with 

female headed households, African American and younger than 18 years of age (25, 26). 

There is little guidance on how to develop indices of ND outside of the U.S., Canada and 

Europe. One study based in Brazil constructed a ND index using only income level and 

racial composition (30) while a study in Nigeria defined ND on the basis of housing quality, 

employment, education, and poverty level (31). As suggested above, failure to appropriately 

measure ND may underestimate its impact on CPBs. Exemplar studies are needed that 

rigorously develop context-specific measures of ND.
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Even if ND is measured adequately, there is evidence that ND operates differently depending 

on cultural and societal context. For example, the presence of affluent neighbors is unrelated 

to delinquency (school absence and teenage pregnancy) among low-income adolescents, 

however, the presence of low income neighbors relates to higher delinquent behaviors 

among affluent adolescents (32). While white children have lower negative behavior scores 

when residing in higher income neighborhoods, this is not the case for African American 

children (33). ND is related to higher substance use among African American, but not white 

adolescents (34). The effects of ND on academic achievement also appear stronger among 

adolescent immigrants compared to U.S.-born children (35). Conversely, in Germany, ND 

is associated with violent behavior among native-born girls compared to immigrant girls 

(36). Thus, cultural factors play an important role in the relationship between ND and CBPs, 

necessitating the evaluation of ND in different cultures and contexts.

Montevideo, Uruguay is a unique city to study the conceptualization of ND and its 

association with CBPs. Cities in Latin America have grown rapidly, with punctuated 

expansion from 1960–1970 (37–39). While population growth has slowed in recent years, 

urban areas continue to expand (40). For example, 95% of the Uruguayan population lives 

in urban centers (Montevideo primarily), up 15% since 1960 (41). This growth has resulted 

in formation of irregular settlements, incomplete infrastructure, and poor access to services 

throughout Latin America (39). In Montevideo (42) and other Latin American cities (43, 

44), several studies have also linked lead exposure and behavior problems in school-age 

children. Yet, few studies in any setting (especially outside of North America), account for 

specific environmental factors, like lead exposure, in the relationship between neighborhood 

disadvantage and child behavior (45).

The objectives of this study were to (i) assess the construct validity of a ND factor for 

a South American city (Montevideo, Uruguay), (ii) test associations between ND and 

behavior problems in children within the first year of schooling (~ 7 years) accounting 

for lead exposure, and (iii) describe neighborhood characteristics and childrearing in select 

neighborhoods of Montevideo. Two approaches were used to address these questions. 

First, a quantitative analysis conducted in 2009–2011 leveraged data on the location, 

family characteristics, and behavior of Montevideo first-graders to inform the creation of 

a ND factor and test its association with CBPs. Second, a subsequent (2019) qualitative 

study based on semi-structured interviews and photovoice revealed caregivers’ views of 

Montevideo neighborhoods.

Methods

Study 1 – Quantitative

Study Sample—The current study utilizes a cross sectional sample of first-grade children 

from Montevideo (n=357). Families were recruited between July 2009 and August 2013 

from neighborhoods with known or suspected exposure to heavy metals. Eleven primary 

schools located in these areas and serving low-middle income populations agreed to 

participate in the study, as described in detail elsewhere (46). Primary caregivers, mostly 

mothers, provided written consent before enrolling into the study. Protocols were approved 

by the participating universities. Of the children enrolled into the study, 342 had complete 
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geo-located addresses (96%). Of those, 272 (80%) had complete data on all child behavior 

rating scales, comprising our final analysis sample. We also assessed selection bias by 

testing mean differences in ND factor(s) between children with and without behavior rating 

scales.

Measures

Child Behavior Rating Scales—Our primary outcomes were the subscales from the 

Spanish versions of the Conners’ Teachers Rating Scale – Revised, Short Form (CTRS-

R:S-28 items) (47, 48) and the Behavior Rating Inventory of Executive Function (BRIEF–

86 items) (49). Teachers rated children’s behavior in the previous month with the CTRS-

R:S and in the previous 6 months with the BRIEF. The CTRS-R:S yields four scales: 

conduct problems, hyperactivity, cognitive problems and an attention deficit hyperactivity 

disorder (ADHD) index, which have excellent internal consistency, 0.87–0.95 (50). The 

BRIEF yields eight scales under two domains: behavioral regulation – (inhibit, shift, 

emotional control) and metacognition – (initiate, working memory, planning and organizing, 

organization of materials, and monitoring). The internal consistency for these scales is also 

excellent, 0.80 to 0.98 (51). For all scales, age and sex-specific T-scores were derived. For 

both CTRS-R:S and BRIEF, higher T-scores indicate greater behavior problems.

Neighborhood Disadvantage

Aggregated variables and shapefiles from the 2011 census were downloaded from the 

Municipality of Montevideo Geographic Services (IMSG) website (52). Census data 

was collected by Uruguayan government officials who visited homes to administer 

questionnaires and perform inspections (53). The polygons in the shapefile are census 

sections, 1055 of which are inhabited and delimited by roads or natural boundaries. The 

average population size for these census sections is 1,241 persons (5th – 95th percentile: 

174–2,324). The average area is 497 square meters (range 145–18,822). For this study, all 

population and housing based variables were divided by the total population or total homes 

in the census section to account for variability in population density.

Biomarkers: Blood Lead Levels (BLL), Hemoglobin and Serum Ferritin

Children underwent a blood draw, performed by a phlebotomist after an overnight fast 

during the morning hours, between 8 and 11am. Blood samples were collected in lithium 

heparin coated tubes, stored, transported, and analyzed for lead as described previously 

using Atomic Absorption Spectrometry (AAS, VARIAN SpectrAA-55B) with graphite 

furnace or flame ionization (depending on sample volume) (54). Approximately 28% 

of samples were analyzed using flame ionization and 72% were analyzed with graphite 

furnace. The limit of detection was 1.8 μg/dL for flame ionization and 0.7 μg/dL for graphite 

furnace. BLL was included as a model covariate given the strong body of literature linking 

lead exposure to CBPs, with laboratory analytic method added to statistical models to 

account for differences in LOD. During blood draw, a drop of blood was taken to measure 

hemoglobin concentration using a portable hemoglobinometer (HemoCue, Lake Forest, 

CA). Blood drawn into a separate tube yielded serum that was shipped to the Department of 

Nutritional Sciences, Pennsylvania State University where serum ferritin (a circulating iron 
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storage protein and an indicator of iron status) was measured. Greater detail on laboratory 

methodology has been published elsewhere (55).

Other Covariates and Confounders

Children’s IQ was measured using the Woodcock-Muñoz Battery, which yields a general 

intellectual ability (W-M GIA) score (56). A HOME score was derived from the Home 

Observation for Measurement of the Environment Inventory (57) and was collected by a 

social worker who visited the homes of the participants, or, in the case of 32 families in 

the study sample, from a questionnaire-based assessment administered to the caregivers. 

HOME score is a measure of household enrichment, with higher scores indicating greater 

environmental enrichment. Details concerning the administration of the W-M GIA and the 

derivation of the HOME scores were provided previously (54, 58). Number of household 

possessions of wealth was derived via principal component analysis of reported household 

items (i.e. TV, car, dishwasher, cellphone) (59). Demographic information including parental 

occupational exposure to heavy metals, variable income status, mother’s age, education, 

employment status, number of children less than 5 years of age in the household, proportion 

of persons per bedroom in the household (household crowding), child’s age, and child’s sex 

were obtained via parental questionnaire. Children’s height and weight were recorded. Body 

mass index (BMI) and height for age z-scores (HAZ) were derived from these data points.

Statistical Analysis

Exploratory factor analysis (EFA) was performed using variables collected from the 

2011 Uruguayan census at the census segment level (1,055 segments). Measures of 

sampling adequacy (MSA) were generated for each census variable to determine significant 

covariation with other census variables. Census variables with MSA values below 0.50 

were excluded, as this level indicates non-meaningful covariation with other variables (60). 

Kaiser-Meyer-Olkin (KMO) sampling adequacy criterion was used to test for a significant 

number of factors in the census dataset. A KMO value above 0.60 is considered adequate 

(61). Bartlett’s test of sphericity was also used to test if the correlations between census 

variables are not due to chance alone (62). For the EFA, parallel analysis was utilized to 

determine the number of factors to be extracted (63).

Next, confirmatory factor analysis (CFA) was implemented to determine how well the 

resulting factor(s) fit the data. Comparative fit index (CFI), Tucker Lewis index (TLI) and 

standardized root mean squared residual (SRMR) were used to determine how well the 

factor(s) model fit the data. CFI and TLI greater than 0.95 and SRMR less than 0.08 

indicated good model fit (64). Factor values were subsequently assigned to participants 

based on the census section wherein their home address is located. This is a common factor 

assignment technique (28, 29).

Construct validity was tested using spearman correlations and t-tests. First, we hypothesized 

moderate negative correlations between ND and: mother’s education, mother’s age, HOME 

score, and number of household possessions of wealth. We hypothesized moderately positive 

correlations between the ND factor and: child BLL, number of children less than five in 

the household and household crowding. We further hypothesized greater ND among parents 
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who smoke, parents with variable income and parents with occupational exposure to heavy 

metals.

Finally, we tested the association of our ND factor(s) with each of the behavior problem 

scales separately. A directed acylic graph (DAG) was used to select confounders from the 

following variables: BLL, lead analytic method, hemoglobin, serum ferritin, W-M GIA, 

BMI, HAZ, parental smoking status, mother’s unemployment status, mother’s education in 

years, mother’s age, number of children less than five years of age in the household, whether 

the family has a variable income, parents’ occupational exposure to heavy metals (Yes/

No), HOME score, household crowding (proportion of persons per bedroom in household), 

family variable income (Yes/No), number of household possessions of wealth, child’s age 

(in months), sex, and year of study consent. The DAG retained the following covariates to be 

included in Model 1: household crowding, HOME score, mother’s age, mother’s education, 

mother’s unemployment status, parent occupational exposure to heavy metals and number 

of household possessions of wealth. Child age, sex and year of study consent were also 

retained as covariates to account for variation in behavior problems across these variables. 

In Model 2, biomarkers (BLL, lead analytic method, serum ferritin and hemoglobin) were 

further added as covariates.

Because our sampling scheme involved participants clustered within neighborhoods, we 

used multilevel analyses. Variation in behavior problem scales across census segments 

was reported using intraclass correlation coefficients (ICCs) in intercept only models. All 

variables were centered at the grand mean. Full information maximum likelihood accounted 

for missing level 1 covariate data. All multilevel analyses were conducted in Mplus (65).

Study 2 – Qualitative

A qualitative study was conducted among a convenience sample of 10 caregivers selected 

from the Salud Ambiental Montevideo (SAM) longitudinal cohort study. Approximately 

30% of children in Study 1 continue to be followed-up long term as part of the longitudinal 

cohort. The qualitative method used was photovoice with semi-structured interviews. 

Photovoice is a method whereby participants take pictures of their environment and describe 

the meaning of these photos to researchers. The study was conducted during July and 

August 2019.

Study Recruitment and Overview

Participants already enrolled in the SAM study were recruited via a phone call, during which 

they were informed about the nature of the qualitative study. If the participant indicated 

interest, a brief home visit was scheduled to provide a study flyer, consent forms, photovoice 

guide and, a more complete explanation of the study. Once consent was granted, participants 

received a basic digital camera (which they kept after study completion as a token of 

appreciation for their participation), an explanation of the kinds of photos that should be 

taken, and a short demonstration of how to use the camera if needed. The photovoice guide 

provided prompts like: “Think about what you want to tell us about your neighborhood. 

What matters to you? Is there an object or place that represents what you are trying to 

convey?” along with instructions on how to take the photo like: “Keep the sun to your 
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back”, and “Make sure the main subject of the photo is clear and easy to see!”. Participants 

were instructed not to take photos of persons to maintain privacy. Participants were asked to 

take at least 4 photos during a 1-week period. Finally, a follow-up meeting was scheduled 

for the photovoice and semi-structured interview. Recruitment, informational materials and 

semi-structured interviews were conducted in Spanish.

Procedures and Instruments

The photovoice and semi-structured interviews were completed at the Catholic University 

of Uruguay in a research room that provided privacy. Interviews were conducted by a 

native-Spanish speaker with university training in anthropology and a deep familiarity with 

Montevideo. The recorded interviews lasted between 60 and 90 minutes. Participants were 

provided with refreshments to make the interview more comfortable. The semi-structured 

interview was conducted first, using facilitating, open-ended questions such as: “Tell me 

about your neighborhood”, “Tell me what you and your family do in your neighborhood”, 

“Tell me what you would change about your neighborhood”, and “In what ways is your 

neighborhood good for raising children?”.

Participants were also provided with a black and white map of the area surrounding 

their house. The map included the unmarked location of their home along with street 

names, railroads and bodies of water. All maps were set to approximately the same scale 

(~1:10,000–15,000cm – 1 centimeter of the map corresponds to 100–150-meter distance). 

Participants were asked to draw the boundaries of their neighborhood, and the map 

facilitated discussion about neighborhood features.

After the semi-structured interview, participants selected and described at least four photos. 

In this process, they were given prompts: “What is happening in your photo?”, “Why did 

you take a picture of this?” and “What is the story behind this photo?”. All photos were 

saved to a password-protected study folder; interviews were transcribed in Spanish from the 

recordings and transcriptions were saved for later analysis.

Photovoice and semi-structured interviews underwent thematic analysis (66) by a single 

coder. Themes were generated from an inductive coding approach. Transcripts were coded 

until a point of saturation was reached where no new themes emerged. Subsequently, to 

assess the rigor of the themes generated, a keyword search for each theme was performed 

on the remaining transcripts. Keywords were generated using derivatives and synonyms of 

the codes comprising each theme. As an additional test of rigor, all themes were required to 

be discussed by at least half of the research participants and be the subject of at least two 

corresponding photographs by separate participants.

Results

Study 1

Sample characteristics—Descriptive statistics for the sample can be found in Table 

1. The sample was 56% male and approximately 7 years of age (81 months). Children 

came from families generally considered to have low-medium SES. The median number of 

Frndak et al. Page 7

Int J Hyg Environ Health. Author manuscript; available in PMC 2024 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



household possessions of wealth (i.e. TV, car, cellphone) was 4 (range: 0–5) and median 

maternal education was 8 (range: 4–17) years. Mean ± SD BLL was 4.1±2.2 μg/dL.

Neighborhood Disadvantage Factor

Supplemental Table 1 lists the census variables obtained from Montevideo municipality 

website, their correlations and descriptive statistics. Access to this table is available through 

Open Science Framework (https://osf.io/72kaj/). Census variables with an MSA value below 

the 0.50 cut-off (indicating no significant covariation with other variables) were removed 

from the EFA. The KMO value generated from the final set of census variables was 

0.89, indicating a significant number of factor(s) in the dataset. Bartlett’s test of sphericity 

(χ2=7,486.8, df=66, p<.001) indicated that covariances between census variables were not 

due to chance alone. In sum, both KMO and Bartlett’s test of sphericity suggested that EFA 

was warranted.

Parallel analysis indicated two factors could be extracted. However, the two factor solution 

was difficult to interpret and the eigenvalue for the second factor (1.36) was only marginally 

larger than the random eigenvalues generated from parallel analysis for the second factor 

(1.13). Therefore, one factor was estimated and termed the “ND factor”. The final variable 

list and factor loadings can be found in Table 2. Higher factor scores indicate greater ND.

We used confirmatory factor analysis to evaluate the model fit of a single factor on the 

data and generate the ND factor. The original model had less than adequate model fit 

(CFI=0.86, TLI=0.83, SRMR=0.06). Based on modification indices, 21 residual covariances 

between census variables were added to improve model fit. The final model fit the data well 

(CFI=1.0, TLI=0.99, SRMR=0.02). A map of the ND factor, including sampled participants 

is provided in Figure 1.

As hypothesized, ND was negatively correlated with maternal education (rho=−0.24, 

p<.001, n=265), maternal age (rho=−0.13, p<.05, n=247), HOME score (rho=−0.23, p<.001, 

n=262), and number of household possessions of wealth (rho=−0.22, p<.001, n=245). ND 

was positively correlated with number of children below five years of age in the household 

(rho=0.22, p<.001, n=229) and marginally associated with the proportion of persons per 

bedroom (rho=0.12, p=0.05, n=243). Contrary to hypothesis, ND was not associated with 

child BLLs (rho=−0.04, p=0.56, n=252). Furthermore, ND was not greater among children 

with parents who smoke (t241 = −1.22, p=0.89, n=243), among parents with variable 

income (t238=−1.88, p=0.97, n=240), or parents with occupational exposure to heavy metals 

(t270=0.29, p=0.39, n=272).

Association of Neighborhood Disadvantage and Child Behavior Problems

Children with behavior data lived in slightly more disadvantaged neighborhoods compared 

to those who were excluded from analysis due to missing data (t340=−2.41, p=0.02, n=342). 

We included unadjusted regression coefficients between all covariates and each child 

behavior rating scale in the Supplemental Table 2 (https://osf.io/72kaj/). ND was tested for 

associations with behavior scores on the CTRS-R:S and BRIEF in multilevel models (Table 

3) among children with behavior data (n=272). Skewness of behavior outcomes ranged 

from 0.39–1.7 and kurtosis ranged from 1.9–5.9. Our sample drew from 131 of the original 
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1,055 census segments within the city of Montevideo. On average there were 2.6 (range: 

1–19) observations per census segment. The intraclass correlation coefficient (ICC) ranged 

0.01–0.06 indicating that variation between neighborhoods on behavior scores was very low. 

Because ICCs as low as 0.01 and average cluster sizes as low as 2 can increase Type I error 

rate (67, 68), we decided to use multilevel models Robust maximum likelihood was used to 

obtain robust standard errors.

In model 1 (biomarkers not included as covariates), one standard deviation difference in 

ND factor was statistically associated with 1.37 (0.23–2.50) points higher conduct problems 

on the CTRS-R:S. One standard deviation difference in ND was also associated with 1.56 

(0.67–2.44) and 2.36-point (1.28–3.43) higher behavior problems scores on the BRIEF 

shift and emotional control scores, respectively. ND was not associated with hyperactivity, 

cognitive problems or ADHD Index on the CTRS-R:S nor the inhibit, initiate, working 

memory, planning and organizing, organization of materials and monitoring scales of the 

BRIEF. After adjustment for biomarkers (BLL, serum ferritin and hemoglobin) in model 2, 

the associations of ND with conduct problems (1.19, 0.03–2.35), shift (1.35, 0.44–2.27) and 

emotional control (2.24, 1.08–3.40) scores remained, but were somewhat attenuated.

Study 2

Ten participants were sampled from eight different neighborhoods across Montevideo. 

One father, eight mothers, and one grandmother participated. The average age of the 

participants was 38 years. Five participants reported living in their current neighborhood 

for their entire life. The average area of the perceived neighborhood was approximately 

1,100 square meters (range: 100–3,500 m2). One participant did not provide their perceived 

neighborhood boundary. Eight participants were from census segments at least one standard 

deviation above the mean ND value, indicating that the majority of our sample came from 

disadvantaged neighborhoods.

When discussing the meaning of the word ‘neighborhood’, participants often mentioned 

people, social connections and values shared by the community. “The neighborhood 

is a group of people…how you live, how you get along with the neighbors…

that’s a neighborhood” (ID 2). ‘Neighborhood’ also reflected a sense of permanence: 

“[Neighborhood is] where you grew up, the area you know.” (ID 9). Many participants 

reported that they liked living in their neighborhood: “I wouldn’t live anywhere else. I’m 

used to it. I wouldn’t see myself in another neighborhood.” (ID 7). There was a sense of 

connection to neighbors and a quietude or peacefulness referenced. Participants perceived 

lack of safety as something separate from the community: “[I live there because] it is close 

to everything: my family, the neighborhood where I grew up, everything…While it is an 

unsafe neighborhood, nothing ever happened to me personally.” (ID 9).

Four broad themes emerged: physical disorder, recreation, safety and crime, and community 

resources. All themes, along with explanations and keywords, can be found in Table 4.

Theme 1: Physical Disorder

Interviewees mentioned problems with waste disposal, littered streets, flooding or broken 

pipes. Many photographed garbage in the streets and streams. Participants saw trash as a 
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safety concern. They mentioned children playing in gutters with polluted water. Burning 

trash was also a concern: “Another thing they do is burn trash…My husband and I put it [the 

fire] out and then we go home to bathe because the smell that remains is horrible.” (ID 10).

Some caregivers proposed that the local community did not have collective will to clean 

the garbage: “Nobody cares…if it is like this or not because nobody works together” (ID 

6). Suggested ways to improve the problem included more garbage containers and careful 

waste disposal by garbage collectors: “Containers or something to improve the environment 

there.” (ID 8). Photos related to physical disorder or infrastructure improvements are found 

in Figure 2.

Theme 2: Recreation

Many participants referenced parks as important places for play and relaxation. While most 

of the discussion around parks was positive, many caregivers wished for better playground 

equipment: “My son does not go because there aren’t swings anymore. People break things. 

They steal…before the grass was cut. Now it is neglected.” (ID 4), and “There is a swing 

set but no swings. There is a slide, but it is split in half so you cannot use it.” (ID 6). 

Another caregiver complained that there weren’t spaces for children to play: “There are also 

no places nearby, there are no places to play.” (ID 9). Recreation themed photographs are 

found in Figure 3.

Theme 3: Safety and Crime

All participants referenced some aspect of safety and crime during the semi-structured 

interview. Interviewees mentioned robberies of health clinics and private houses. Specific 

areas were known to be unsafe including playgrounds and parks during certain times of day. 

Often motorcycles were used for robberies: “If you had a backpack they take it. If you had 

a wallet too. If you had a cell phone in your hand…They drive by on a motorcycle and steal 

it from you” (ID 2). Children were taught that motorcycles were a sign of danger: “[My 

daughter] knows that if she sees a motorcycle, she has to come and leave her bike lying 

down” (ID 5). Explaining violence in the community to children was a particularly difficult 

aspect of parenting: “These are very difficult things. How do you explain to a 7-year-old girl 

all these things?” (ID 5).

Gun violence was another important aspect of neighborhood safety to many (n=5) 

interviewees. In some neighborhoods, shootings happen regularly: “Where the health center 

is, there are shootings every night.” (ID 3). Participants expressed particular concern for 

neighborhood children, citing stories of gun violence: “My mother-in-law has a little 

store…they came in and pointed a gun at my 8-year-old niece’s head.” (ID 1), and “Very 

recently, a girl…was in bed, and was shot…a tiny baby girl of 7 years.” (ID 3). Shootings 

were perceived as a new development in Montevideo, necessitating greater surveillance of 

children while playing. A photo relevant to safety and crime is presented in Figure 4.

Theme 4: Community Resources

Large variation existed in caregivers’ perceptions of access and availability of community 

resources. Some believed they did not lack anything: “I have everything at hand. I have 
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the clinic where [the children] go…The only thing we don’t have is a pharmacy nearby, 

but there is a bakery, there is a supermarket” (ID 2). However, interviewees living in other 

neighborhoods mentioned: “You have to leave the neighborhood to go to a butcher shop, 

to go to a pharmacy, those things are not there” (ID 5). Another participant mentioned 

they were unsatisfied with the variety and quality of foods at her local store: “There is no 

variety…I go to [another neighborhood] to the supermarket because it is much cleaner than 

those of [my neighborhood]” (ID 10).

Transportation was another important concern. In some neighborhoods, public transportation 

was seen as adequate, while participants from other neighborhoods wished there were more 

bus lines: “Horrible. There is only one bus. If you do not get there on time you have to go to 

[another bus stop] … I have to walk 15 blocks or so” (ID 7). A few interviewees mentioned 

‘red zones’, areas where transportation services, including ambulances, do not enter at night 

due to safety concerns. Only one participant mentioned improvements to infrastructure by 

photographing a newly paved street: “This is a street that they paved very recently. [This 

picture] represents progress. Progress not only for me, but also for my neighbors who are 

no longer going to lose anything because their house will no longer be flooded” (ID 3). 

Community resource photos are found in Figure 5.

Discussion and Conclusion

As CPBs are more common in poor, disadvantaged neighborhoods, studying ND in a variety 

of contexts and cultures, particularly in cities outside of North America and Europe, is 

important. In a mixed methods study of ND in Montevideo, Uruguay, we found that: 1) 

our ND factor was context specific, retaining moderate construct validity, 2) greater ND 

was associated with certain CBPs (conduct problems, shift and emotional control), and 3) 

themes generated from participant interviews included: physical disorder, recreation, safety 

and crime, and community resources.

Defining Neighborhood Disadvantage

The variables included in the ND factor were related to: education, employment, ethnic 

composition, housing quality and demographic characteristics (see Table 2). Certain 

variables related to racial composition of the neighborhood and home ownership were 

removed due to a lack of covariation with other neighborhood variables.

While Montevideo is home to populations of Asian and African descent, the population is 

mostly of European (Spanish and Italian) ancestry, possibly contributing to low covariation 

of some racial composition variables (ex., Asian descent) with other neighborhood 

indicators. Nevertheless, our ND factor included the proportion of individuals with African 

and indigenous ancestry. Between 1996 and 2006, the proportion of persons of African 

descent grew from 1.7% to 9.1% and indigenous descent from 0.8% to 3.8%. It has 

been suggested that this change in merely 10 years is not solely related to differences 

in minority population growth or immigration. Instead, these differences are related to 

changes in race-based questions used during census collections. Specifically, being allowed 

to choose more than one race category, the wording of ‘ancestry’ rather than ‘race’, and 

a renewal of identification with ethnic heritage among the Uruguayan population (69). 

Frndak et al. Page 11

Int J Hyg Environ Health. Author manuscript; available in PMC 2024 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Additionally, recent immigrants from Central America to Uruguay (70) are significantly 

more vulnerable to unemployment and underemployment (71). Thus, inclusion of racial 

and ethnic demographic information in our ND factor reflects current aspects of Uruguayan 

society.

While home ownership is often included as an important indicator of ND in US studies, 

home ownership variables were not associated with other neighborhood variables in 

Montevideo. Home ownership is similar across high and low socioeconomic neighborhoods 

(72). More important to ND is the percentage of houses with UBNs (unsatisfied basic 

needs). Lack of basic housing necessities including inadequate insulation, water supply, 

lighting, waste removal and overcrowding were a more important indicator of ND than 

home ownership. Future research should examine the mechanisms linking unsatisfied basic 

housing needs with CBPs.

When examining construct validity for ND, we found modest correlations with individual-

level socioeconomic indicators. We did not see an association with ND and child BLLs, 

current parental smoking, variable income or occupational exposure to heavy metals. While 

lead exposure is often geographically stratified by neighborhood (73), we did not find an 

association between ND and child BLLs in our sample. While some sources of lead in 

Montevideo are place-specific (for example, battery and materials recycling), this is not a 

complete picture of childhood lead exposure. Other sources include leaded gasoline (phased 

out in 2004), proximity to industry, parents’ occupational exposure and dietary sources (59, 

74, 75). Further research is needed to examine the extent to which specific neighborhood 

factors predict child BLLs in Montevideo. For smoking, a lack of correlation might be 

unsurprising, given the high prevalence of smoking in Uruguay. For example, one or both 

parents smoked in ~53% of SAM households (in 2009–13). Nationally, 20% of males and 

16% of females smoke regularly; on average, males smoke 18 cigarettes/day and women 14 

cigarettes/day (76), although prevalence has decreased in recent years (77).

Not many studies assess the validity of their ND construct by comparing it to individual 

measures of SES. In one study of Canadian youth gang affiliation, their ND factor correlated 

with individual and family level indicators of SES: family SES (−0.35), non-intact family 

status (0.17) and family residential instability (0.02) (78). Another study of ND and child 

behavior problems in the U.S. also found similar correlations between individual SES and 

ND: family SES (−0.30), family income/needs (−0.44) and maternal depression (0.24). 

Because the level of correlation between ND and individual level indicators in our study 

is similar to other studies, we conclude that our ND factor has construct validity. We urge 

future studies to report correlations with individual-level indicators of SES and other related, 

neighborhood-level variables to assess and compare construct validity.

Our qualitative findings suggest that ND may be related to other important neighborhood 

factors, not captured by the census statistics, such as physical disorder, crime, access to 

greenspace and playgrounds, grocers and other services.

Neighborhoods drawn by our respondents were relatively smaller (range: 100 – 3,500 m2) 

than the census segments (range: 14.5 – 18,822 m2). Perceived neighborhood boundaries in 
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our sample were comparable to a study of U.S. adolescents’ perceptions of neighborhood 

size (79). These findings suggest that for whatever reason—culture, access to vehicles, 

geographically concentrated extended families or sample age—caregivers in Montevideo 

reported relatively small neighborhood areas.

Neighborhood disadvantage and child behavior problems

Controlling for a variety of individual-level socioeconomic predictors as well as biomarkers 

related to CBPs, we detected small, positive associations between ND and some CBPs. 

Higher ND factor was related to higher scores on conduct problem scales (aggressive 

and rule-breaking behavior), poor shift (inability to adapt to new situations or tasks) 

and emotional control (inappropriate responses to situations or an inability to control 

an emotional response). Given the relative size difference of census segments and 

neighborhood boundaries reported by caregivers in this study, it is remarkable that 

associations were observed. Resizing the area considered to constitute the child’s 

neighborhood may result in more precise estimates of the influence of ND on CBPs. 

Furthermore, it is important to understand which specific neighborhood factors play a role in 

conduct and behavioral regulation in children, and the extent to which these influences may 

persist into adolescence.

We found no association of ND with children’s ability to inhibit behaviors, hyperactive 

behaviors, ADHD index, or BRIEF sub-scales comprising the measure of metacognition. 

While some studies demonstrated associations between ND and child ADHD symptoms (80, 

81), others reported null findings (82–84), suggesting more research is need on ND and 

ADHD. To our knowledge, we are the first study to examine the effect of ND on childhood 

metacognition, defined as the “monitoring and control of thought” (85); consisting of 

school-success related skills or abilities like working memory, planning and organizing, 

organization of materials, and self-monitoring. In past studies, greater metacognition was 

associated with high SES, more parent involvement in schoolwork, greater metacognitive 

language in the home and traumatic brain injury (86–89). While we did not find an 

association between ADHD, metacognition and ND, it would be important to examine 

different aspects of the neighborhood context, which were unmeasured in this study, but 

might influence the development of these behaviors in children.

Contribution of interview themes to understanding neighborhoods and their effects on 
child behavior problems

Reports concerning life in Montevideo neighborhoods can help generate theories to explain 

the relationship between ND and CBPs. First, caregivers mentioned physical disorder 

as a serious concern in their neighborhoods. Physical disorder is associated with CBPs. 

In a study of Canadian children 6–16 years of age, neighborhood disorder (measured 

through housing conditions, abandoned buildings, garbage and vandalism) was associated 

with children’s externalizing behaviors (90). The same study also found that physical 

disorder was related to externalizing behavior through a mediational pathway connecting 

parental psychological distress and poor parenting practices to behavior problems. Physical 

improvements to disadvantaged neighborhoods may help decrease disorder, leading to lower 

stress among parents and better behavior outcomes in children.
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Second, caregivers reported recreation as important for childrearing. Socialization is linked 

to the development of self-regulation in children. A study of fourth-graders from the U.S., 

found that structured leisure activities were associated with psychosocial maturity and 

social competence (91). Playgrounds may facilitate socialization and interactions with peers. 

There is limited research on neighborhood access to playgrounds and behavior problems in 

children; some evidence suggests that access to greenspace is associated with lower CBPs. 

In a study of greenspace and neighborhood poverty, children between 3–5 years of age were 

most likely to have emotional problems when living in poor neighborhoods with low level of 

greenspace compared to children living in poor neighborhoods with high level of greenspace 

(92). Neighborhoods with access to playgrounds may mitigate the detrimental effects of ND 

on CBPs.

Third, caregivers were concerned about safety and violence in their neighborhood. Violent 

crimes have increased in Montevideo between 2006 and 2015 (93). Exposure to violence 

and crime affects CBPs through numerous pathways including: increased childhood stress 

(94), maternal distress (95), and changes in social norms (96). As crime increases in 

Montevideo, its connection to CBPs could be investigated in future studies.

Lastly, some caregivers mentioned limited community resources. There is some evidence 

that community services influence child behavior. In Chicago, the presence of youth-based 

community services was related to lower levels of aggression in children aged 9–15 years 

(97). Furthermore, if parental stress is related to CBPs, then efforts to reduce parental stress 

may mitigate CBPs. Neighborhood structural components related to adult stress include 

poor transportation, long commutes (98), food insecurity and hazardous waste sites (99). 

Important areas of research could address associations between household distance to 

community services (such as grocery stores, community centers and hospitals) and child 

behavior outcomes.

Study strengths and limitations

This is a cross-sectional study and therefore, causal relationships cannot be inferred. We 

are also unable to determine how ND may influence CBPs at different ages. For example, 

while metacognition was not associated with ND in our sample (7 years of age) it is 

possible that stronger effects could emerge at later ages. Future studies could include a wide 

range of ages or a longitudinal approach to address these questions. Second, our sampling 

scheme focused on recruiting children from areas where environmental exposure to toxic 

metals like lead was known or suspected. Additionally, children without data on CBPs 

that were excluded from analysis lived in less disadvantaged neighborhoods. These aspects 

of study design and analysis resulted in a sample characterized by lower socioeconomic 

status, which may have influenced the relationship between ND and CBPs. It is possible 

that excluding children from more advantaged neighborhoods might have actually attenuated 

the association between ND and CBPs. Fewer children from high socioeconomic status 

backgrounds may have reduced the difference in behavior scores between high and low ND, 

thus limiting our ability to detect the association of ND and CBPs scale scores. We also 

relied on teacher reports (CTRS-R:S and BRIEF) because they are valid measures of child 

cognitive and behavior problems (100, 101). We acknowledge, however, that having reports 
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from multiple informants, including parents, would enrich our understanding of CBPs and 

the link between neighborhood factors and CBPs. Lastly, similarly to other census-based 

studies, we made the assumption that the 2011 census provides an accurate representation of 

neighborhoods for households enrolled in our study (from 2009–2013).

There are numerous strengths to our study. First, using a mixed methodology has allowed 

us to investigate the relationship between ND and CBPs and to place it within the daily 

life of families in Montevideo neighborhoods. We were also able to hypothesize explanatory 

pathways through which ND may impact CBPs in this setting. Second, we created a ND 

factor that relied on objectively collected data for the entire city of Montevideo, was 

data-driven, and specific to the context of this South American city. We utilized teacher 

reports of child behavior, finding relationships between ND and conduct problems and 

behavioral regulation scales. Third, our collection of child and family-related variables 

allowed us to estimate the associations between ND and CPBs above and beyond the 

influence individual SES, as well as child nutritional status or lead exposure. Fourth, our 

qualitative study utilized photovoice and semi-structured interviews to assess perceptions 

of neighborhood living and childrearing in disadvantaged Montevideo neighborhoods. This 

qualitative strategy allowed participants to actively engage with the research process and 

suggest changes in their neighborhood. Finally, our study makes a distinctive contribution to 

understanding of ND by focusing on a South American city.

In conclusion, we created a ND factor that was context-specific to Montevideo, Uruguay. 

This factor was positively associated with conduct, shifting and behavioral regulation 

problems in ~7-year-old children. Themes in our qualitative sample included: physical 

disorder, recreation, safety and crime and community resources. We combined our 

qualitative and quantitative findings to hypothesize potential pathways by which ND may 

influence CBPs. These pathways were specifically related to parental and child stress (e.g. 

crime, physical disorder, lack of resources) and child enrichment (e.g. access to greenspace). 

Creating neighborhood environments that reduce stress and increase child enrichment are 

important areas of future research into CBPs.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Created a neighborhood disadvantage (ND) factor in Montevideo, Uruguay.

• Assessed construct validity and associations with child behavior problems.

• Valid ND factor associated with conduct, shifting and emotional control 

problems.

• Qualitative study addressed neighborhood characteristics, resources and 

problems.

• Qualitative data led to hypotheses linking ND and child behavior in 

Montevideo.
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Figure 1. 
ND Factor Scores1 and Distribution of study Participants2 Across 1,055 Census Segments in 

Montevideo, Uruguay
1Darker census segments indicate more disadvantage; 2Study 1 participants plotted in grey 

and Study 2 participants in red.
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Figure 2. 
Photographs and Corresponding Quotes for Theme - ‘Physical Disorder’
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Figure 3. 
Photographs and Corresponding Quotes for Theme - ‘Recreation’

Frndak et al. Page 26

Int J Hyg Environ Health. Author manuscript; available in PMC 2024 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Photograph and Corresponding Quote for Theme - ‘Safety and Crime’
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Figure 5. 
Photographs and Corresponding Quotes for Theme - ‘Community Resources’
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Table 1.

Characteristics of the Sample (n=272) with Number of Missing Values

Variables Statistic Number Missing

Child Sex, % Male 56% 0

Child Age in Months, Mean (SD1) 81.32 (6.36) 0

Child BMI2, Mean (SD) 16.87 (2.60) 11

Child HAZ3, Mean (SD) 0.47 (1.04) 13

Child W-M GIA4 Score, Mean (SD) 472.75 (11.97) 7

Child Blood Lead Level (BLL) μg/dL5, Mean (SD) 4.12 (2.17) 20

BLL Method, % Graphite Furnace 75% 21

Child Hemoglobin, Mean (SD) 13.22 (1.06) 15

Child Serum Ferritin, Mean (SD) 37.93 (37.02) 26

% Parental Smoking Status 53% 29

Mother’s Education Years, Mean (SD) 8.88 (2.66) 7

Mother’s Age Years, Mean (SD) 33.26 (6.14) 25

% Mother Unemployed 66% 16

Proportion of Household Crowded, Mean (SD) 1.95 (0.74) 29

Number of Possessions of Wealth, Mean (SD) 3.47 (1.16) 27

HOME Score, Mean (SD) 43.99 (8.30) 10

Number of Children < 5 Years in Household, Mean (SD) 0.34 (0.47) 43

% Variable Income 53% 32

% Parental Occupational Exposure to Heavy Metals 25% 0

Year of Study Recruitment 0

 % 2009 15%

 % 2010 32%

 % 2011 10%

 % 2012 26%

 % 2013 17%

CTRS-R:S Conduct Problems T-Score, Mean (SD) 53.63 (13.47) 0

CTRS-R:S Hyperactive Behaviors T-Score, Mean (SD) 54.03 (11.62) 0

CTRS-R:S Cognitive Problems T-Score, Mean (SD) 54.09 (12.65) 0

CTRS-R:S ADHD Index T-Score, Mean (SD) 54.47 (11.39) 0

BRIEF Inhibit T-Score, Mean (SD) 53.35 (11.80) 0

BRIEF Shift T-Score, Mean (SD) 54.19 (11.50) 0

BRIEF Emotional Control T-Score, Mean (SD) 54.92 (13.94) 0

BRIEF Initiate T-Score, Mean (SD) 58.17 (14.74) 0

BRIEF Working Memory T-Score, Mean (SD) 57.88 (14.25) 0

BRIEF Planning and Organizing T-Score, Mean (SD) 57.17 (15.07) 0

BRIEF Organization of Materials T-Score, Mean (SD) 53.66 (11.47) 0

BRIEF Monitoring T-Score, Mean (SD) 55.94 (13.04) 0

1
SD – standard deviation,
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2
BMI – Body Mass Index,

3
HAZ – Height for age z-score,

4
W-M GIA - Woodcock Munoz general intellectual ability IQ score,

5
μg/dL – micrograms per deciliter
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Table 2.

Exploratory Factor Analysis – Factor Loadings for the ND Factor, Based on 2011 National Census Variables 

Using a One Factor Solution

ND1 Factor

Education

Average Years of Education ≥ 21 Year-Olds −0.78

% 3–4 Year-Olds Not Attending Preschool 0.78

% 6–11 Year-Olds Not Attending School 0.33

% 12–17 Year-Olds Not Attending School 0.86

% 21–65 Year-Olds Never Attended School 0.41

% Households With Average Education <9 Years 0.96

Employment

% Unemployed (≥14 Yrs. of Age) 0.34

Ethnic Composition

% with Indigenous Ancestry 0.38

% with African Ancestry 0.76

Housing Quality

% Households with 3 or more UBNs2 0.41

Demographic Characteristics

% of Population 0–14 Yrs. of Age 0.83

% of Population ≥65 Yrs. of Age −0.71

1
Neighborhood Disadvantage;

2
Unsatisfied Basic Needs
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Table 3.

Multilevel Models: Association of ND on CBPs (n=272)

Model 1 Model 2

Behavior Rating Scale (T-Score) (Beta) (CI)1 (Beta) (CI)1

CTRS-R:S Conduct Problems 1.37 (0.23, 2.50)* 1.19 (0.03, 2.35)#

CTRS-R:S Hyperactive Behaviors 0.40 (−0.78, 1.57) 0.39 (−0.81, 1.58)

CTRS-R:S Cognitive Problems 0.19 (−0.80, 1.18) 0.01 (−1.01, 1.02)

CTRS-R:S ADHD Index 0.46 (−0.74, 1.67) 0.39 (−0.93, 1.70)

BRIEF Inhibit 0.52 (−0.52, 1.56) 0.53 (−0.61, 1.66)

BRIEF Shift 1.56 (0.67, 2.44)** 1.35 (0.44, 2.27)*

BRIEF Emotional Control 2.36 (1.28, 3.43)*** 2.24 (1.08, 3.40)***

BRIEF Initiate 0.98 (−0.23, 2.19) 0.82 (−0.46, 2.10)

BRIEF Working Memory 0.39 (−0.87, 1.66) 0.27 (−1.01, 1.64)

BRIEF Planning and Organizing 0.83 (−0.37, 2.04) 0.63 (−0.82, 2.08)

BRIEF Organization of Materials 0.21 (−0.86, 1.28) 0.20 (−0.86, 1.25)

BRIEF Monitoring 0.58 (−0.61, 1.76) 0.49 (−0.84, 1.82)

1
CI – 95% confidence interval

#
p<.10,

*
p<.05,

**
p<.01,

***
p<.001

Model 1 covariates: household crowding, HOME score, mother’s age, mother’s education, mother’s unemployment status, parent occupational 
exposure to heavy metals, number of possessions of wealth, child age, child sex and year of study recruitment

Model 2 additional covariates: child BLL, lead analytic method, child serum ferritin and child hemoglobin
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Table 4.

Qualitative themes from photovoice and semi-structured interviews.

Themes: Keyword Examples Theme Description
Referenced the 

Theme with 
Photovoice n (%)

Physical Disorder: trash, garbage, garbage 
bin, waste, smell, broken

Primarily relates to deterioration of physical aspects of the 
neighborhood including: buildings, streets, plumbing and waste 
disposal.

8 (80%)

Recreation: play, sport(s), soccer, 
basketball, bike(s), playground, field, court

Any aspect where the neighborhood facilitates recreation including 
the location and types of leisure activities. Examples could be 
playgrounds, but also references to children playing in the street.

7 (70%)

Safety and Crime: gang(s), gunshot, 
shooting, theft, stealing, safety, drugs police

References to violent or other criminal behavior in the neighborhood. 
Also pertaining to responses by the police. 3 (30%)

Community Resources: hospital, clinic, 
community center, food outlet, shopping, 
transportation, bus stop, supermarket, 
church

Interaction, prevalence, utilization and condition of community 
resources. Community resources include but are not limited to: roads, 
hospitals, bus-stops, supermarkets and churches. 6 (60%)
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