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a b s t r a c t 

Adolescents who perceive their neighbourhoods as unsafe are more likely to display emotional and behavioural 
problems. But, little is known about whether perceptions of safety and problem behaviour influence each other. 
This study explored the reciprocal relationships between perceptions of neighbourhood safety and emotional and 
behavioural problems in adolescence in a general population sample. It also explored two mediators of these as- 
sociations (personal victimisation and risky behaviour). Data were analysed on 9,200 adolescents at ages 11 and 
14 participating in the UK’s Millennium Cohort Study. Bidirectional associations were found between perceptions 
of safety and all domains of problem behaviour. Personal victimisation partially mediated the reciprocal relation- 
ships between neighbourhood safety and all problem domains. Risky behaviour partially mediated some of these 
paths. The findings suggest that, in adolescence, perceived neighbourhood safety and emotional and behavioural 
problems mutually influence each other, partly due to experiences of victimisation and risky behaviour. 
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Adolescence is a period of development marked by substantial phys-
cal, social and biological changes. It is a time of shifting orientation
ithin the wider social environment, as adolescents increasingly spend
ore time with peers and engage more with their neighbourhood envi-

onments than younger children do ( Leventhal and Brooks-Gunn, 2000 ,
ampson et al., 2002 ). During this developmental phase, adolescents
re especially susceptible to stress and mental health problems. Neigh-
ourhood environments have been associated with adolescent mental
ealth in numerous studies ( Feng and Astell-Burt, 2017 , Li et al., 2018 ,
cElroy et al., 2019 , Mueller et al., 2019 ). Reflecting Diez Roux and
air’s (2010) conceptualisation of how neighbourhoods impact health

utcomes, research supports the role of both social neighbourhood fac-
ors such as social cohesion, disorder and socio-economic composition
 McElroy et al., 2019 , Mueller et al., 2019 ) and physical neighbourhood
haracteristics including green space, air quality and density of housing
 Feng and Astell-Burt, 2017 , Li et al., 2018 , Diez Roux and Mair, 2010 ,
oberts et al., 2019 , Tillmann et al., 2018 ). 

One aspect of the neighbourhood social environment that may be
articularly important for adolescent mental health, especially for in-
ividuals living in socio-economically disadvantaged or socially disor-
anised areas, is safety. The majority of research into neighbourhood
afety and adolescent mental health has explored resident (‘subjective’)
erceptions rather than objective measures of safety (e.g., crime rates,
evel of violence). This is perhaps due to the fact that historically it has
een difficult to obtain neighbourhood-level crime data that is compara-
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le across neighbourhoods. Measuring subjective perceptions of safety
nd violence in the neighbourhood is convenient but also defensible
 Pratt et al., 2019 ). Compared with objective measures, subjective as-
essment of safety may more closely reflect adolescents’ appraisals of
hreats in their environment which may trigger psychological problems.

Moreover, some research has found that individual perceptions of
eighbourhood safety, violence and disorder may be more important
or adolescent mental health than objective levels of neighbourhood
rime ( Allen and Goldman-Mellor, 2018 , Goldman-Mellor et al., 2016 ,
ampson and Raudenbush, 2004 ). For example, Goldman-Mellor et al.
2016 ) showed that, in a large, population-based study in California,
dolescents who viewed their neighbourhood to be unsafe were around
.5 times more likely to experience recent serious psychological dis-
ress relative to those who reported living in safe neighbourhoods. Con-
ersely, adolescents in objectively high-crime areas were no more likely
o be psychologically distressed than their counterparts in low-crime ar-
as. Moreover, Allen and Goldman-Mellor (2018 ) found that subjective
erceptions of safety were associated with risk of suicidal ideation and
ttempt in adolescents but objective indicators (i.e., levels of crime and
roperty crime) were not. Therefore, gaining adolescents’ perspectives
f their neighbourhood environments and exploring them alongside ‘ob-
ective’ area measures may help us to understand better their importance
or their mental health. 

Studies of adolescent perceptions of safety, violence and disor-
er have shown links with depressive symptoms ( Dawson et al.,
019 , Hill et al., 2005 , Ross and Mirowsky, 2009 , Steptoe and Feld-
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(  
an, 2001 ), risk of major depressive disorder among African Amer-
can males (but not females or Black Caribbean males or females)
 Assari and Caldwell, 2018 ), aggression ( Fite et al., 2010 ), emotional
roblems ( Meltzer et al., 2007 ), behavioural problems ( Singh and Ghan-
our, 2012 ), suicidal ideation and attempt ( Fowler et al., 2009 ) and gen-
ral psychological distress ( Mueller et al., 2019 , Goldman-Mellor et al.,
016 ). As shown in a meta-analysis by Fowler at al. (2009) , however,
n adolescence, associations are generally moderate in size. For exam-
le, Cohen’s d is 0.45 for the relationship between perceived violence
nd safety in the community and psychological distress. The majority
f the aforementioned studies were cross-sectional and did not use gen-
ral population data, thereby limiting the rigour of the research and the
eneralisability of the findings. 

heorised pathways 

Another limitation of the research to date is that the pathways link-
ng perceptions of safety and mental health in adolescence are not well
xamined. Individuals who perceive their neighbourhood to be stress-
ul and threatening may be more likely to experience regular feelings
f worry, fear and isolation ( Choi and Matz-Costa, 2018 , Cutrona et al.,
006 ), due to viewing neighbours as being untrustworthy or dangerous
nd feeling they lack personal control. Moreover, they are more likely
o report greater negative affect following exposure to daily stressors,
inor or major ( Scott et al., 2018 ). And they are less likely to walk or

isit parks in the area and be physically active outdoors ( Guo et al.,
018 ). All of these factors have been related to elevated mental health
roblems ( Ross and Mirowsky, 2009 , Ross and Mirowsky, 2001 ). 

According to social disorganisation theory ( Shaw and McKay, 1942 ,
ilson, 1987 ) physical and social ‘cues’ of disorder in the neighbour-

ood could also make adolescents feel unsafe. An unsafe neighbourhood
ay have social and physical characteristics that signify the disinte-

ration of order in the community. In public places, social cues such
s loitering, gang activity, hostile arguing and drug dealing, as well
s physical ones including presence of abandoned housing and cars,
raffiti and litter in the streets, suggest there is a lack of social control
nd low regulation of behaviour in the neighbourhood ( Skogan, 1990 ).
his can facilitate crime and fear of crime, low confidence in police,
s well as a host of other social and economic problems ( Diez Roux
nd Mair, 2010 , Ross and Mirowsky, 2009 , Ross and Mirowsky, 2001 ,
racia and Herrero, 2006 , Sampson et al., 1997 , Sampson and Wil-

on, 1995 ). By contrast, neighbourhoods higher in social capital and
ocial cohesion may have greater resources that residents can access
uch as norms of reciprocity, trust in others and civic participation
 Poortinga, 2006 , Subramanian et al., 2003 ). In such areas, residents
ay be more apt to trust their neighbours and may feel safer. Neigh-

ourhood social disorganisation has indeed been linked to psychologi-
al distress and depression in both adults and adolescents ( Wight et al.,
006 , Hurd et al., 2013 ) as well as biological markers of stress in ado-
escents ( Dulin-Keita et al., 2013 ). 

Individuals who report living in unsafe areas may also be more likely
o experience personal victimisation such as being hit with a weapon
nd physically or sexually assaulted. And one study showed that adoles-
ents who have experienced gun violence in particular (compared to vi-
lence related to drug activity) were especially likely to report their area
s being unsafe ( Zuberi, 2016 ). Being a witness of a crime or knowing
omeone who was a victim was also related to an increased likelihood
f rating one’s neighbourhood as being unsafe ( Zuberi, 2016 ). A cross-
ectional study of 2,482 adults in Illinois ( Ross and Mirowsky, 2001 )
ound that around 10 percent of the relationship between perceived
eighbourhood disorder and anxiety, anger and depression was due to
ersonal victimisation. In turn, experiences of victimisation have been
inked to psychological distress in adolescence. For example, in a US
dolescent community sample, Slopen et al. (2012 ) demonstrated that
itnessing crime and being a victim in the neighbourhood (e.g., be-

ng chased to hurt, physically assaulted or attacked with a weapon)
2 
ere linked to an elevated risk of major depressive disorder and gen-
ralised anxiety disorder. Furthermore, adolescents with poor mental
ealth may be more susceptible to being victimised ( Arseneault et al.,
010 , Fisher et al., 2012 ) and, as mentioned previously, may view their
eighbourhoods as more threatening, regardless of actual levels of crime
 Fowler et al., 2009 , Slopen et al., 2012 , Chung et al., 2013 , Mrug and
indle, 2010 ). 
Additionally, individuals who perceive their neighbourhoods as

nsafe may be more apt to engage in risky behaviour including
hoplifting, drawing graffiti and vandalism. Although adolescence is
 time of heightened vulnerability to risky behaviour to begin with
 Steinberg, 2007 ), youth living in unsafe areas where they may
e exposed to violence and crime may engage early in risky be-
aviours as a way of coping with the stress from such exposures
 Copeland-Linder et al., 2010 , Fagan et al., 2015 , Sampson et al., 2008 ,
anbonmatsu et al., 2011 , Tyler and Bersani, 2008 ). Other research finds
inks with more varied or more serious risky behaviour. In a recent
tudy, for example, Santiago et al. (2017 ) found that neighbourhood
afety (measured objectively, however) was related to risky behaviours
running away from home, using aggressive or violent behaviour and
onsuming marijuana) among African American youth. The authors sug-
ested that, in neighbourhoods with more crime, there may be weaker
ollective social norms discouraging violence. In turn, risky behaviour is
trongly related to mental health problems in teens ( Katon et al., 2010 ,
eyes et al., 2007 ). Mental health problems have been shown to predict

he likelihood of engaging in risky behaviour, but also the act of do-
ng so may cause adolescents to perceive their neighbourhoods as more
nsafe. 

ur study 

An important question that remains unanswered in the studies link-
ng adolescents’ perceptions of safety in the neighbourhood to their
ental health is whether adolescents’ neighbourhood perceptions af-

ect their mental health, whether their mental health influences their
erceptions of their neighbourhoods, or whether both influence each
ther. Although most studies to date have explored the link from per-
eptions to problems, only two studies ( Chung et al., 2013 , Fagg et al.,
008 ), to our knowledge, examined the role of mental health in neigh-
ourhood perceptions of adolescents. Both studies found that adoles-
ents with greater mental health problems viewed their neighbourhoods
s being worse than those with fewer problems. Having mental health
roblems such as depression may cause one to be more negative about
ne’s life circumstances and the environments one experiences, which
ould result in a poorer perception of one’s area despite its actual (objec-
ive) characteristics. However, no study, to our knowledge, has exam-
ned the bidirectional associations between area safety perceptions and
dolescent mental health. This would allow us to get closer to under-
tanding the direction of these associations. In addition, as mentioned,
early all of the existing studies of safety perceptions and mental health
re cross-sectional. Finally, further research is needed on personal vic-
imisation and risky behaviour as mediators of the associations between
eighbourhood safety perception and adolescent mental health. 

Our study used two waves of longitudinal data and a cross-lagged
esign to explore the bidirectional effects of neighbourhood safety per-
eption and mental health, operationalised here as problem behaviour,
n adolescence (at ages 11 and 14 years), utilising data from the UK’s
illennium Cohort Study (MCS). It also tested for mediation of the cross-

agged relationships by personal victimisation and risky behaviour. Our
ontrol variables were known confounders of the association between
roblem behaviour and neighbourhood perception as well as neighbour-
ood selection factors. Selection into neighbourhoods ( Harding, 2003 )
ccurs when the selection mechanism into areas is not independent from
he outcome studied. For example, families may be more likely to live
n unsafe areas if they come from more disadvantaged backgrounds
 Keyes et al., 2007 , Wilson et al., 2004 ). Adolescents from disadvantaged
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1 LSOAs cover around 1,500 inhabitants, with boundaries drawn to maximise 
social homogeneity. 
amilies are also more likely to show problem behaviour ( Bradley and
orwyn, 2002 ). Therefore, in all models, we adjusted (at baseline) for
other’s educational attainment, family socio-economic disadvantage,
aternal psychological distress, mother’s single parent status and eth-
icity. We also adjusted for gender and exact age. Lastly, in a supplemen-
ary analysis, we checked whether the associations of perceived safety
nd problem behaviour were robust to adjustments for the objective
eighbourhood social environment. 

ethod 

tudy sample 

We used secondary data from the Millennium Cohort Study (MCS)
 www.cls.ioe.ac.uk/mcs ), a longitudinal survey of children born in the
K over 12 months from 1 September 2000. To date, seven sweeps

waves) of data have been carried out. A total of 19,519 children (19,244
amilies) participated in at least one of these seven sweeps. The MCS
ample is disproportionately stratified, firstly by country, and then type
f electoral ward 1 . The sample design over-represented families living
n areas of high child poverty, areas with high proportions of ethnic mi-
ority populations across England and the three smaller UK countries.
he MCS families were sampled from 338 electoral wards across the UK.
thical approval was gained from NHS Multi-Centre Ethics Committees,
nd parents (and children from age 11 years) gave informed consent
efore interviews took place. 

MCS children were around 9 months old at Sweep 1, and 3, 5, 7,
1, 14 and 17 years old at Sweeps 2-7, respectively. We used data from
he fifth and sixth sweeps of the MCS (at ages 11 and 14, respectively).
ur analytic sample (n = 9,200) comprises singleton and, in the case of

wins or triplets, first born cohort members with data at both ages 11
nd 14 on our two main variables, neighbourhood safety perception and
roblem behaviour, and with data on the covariates. Our ‘non-analytic’
ample comprises those present in either the fifth or sixth sweep who
ere not included in the analytic sample (n = 4,703). 

easures 

Emotional and behavioural problems (problem behaviour) were mea-
ured at ages 11 and 14 with the parent-reported Strengths and Dif-
culties Questionnaire (SDQ) ( Goodman, 1997 ). The SDQ is a short,
eliable and widely-used behavioural screening tool. It consists of 25
tems, grouped into 5 scales (of 5 items each): emotional symptoms,
onduct problems, hyperactivity/inattention, peer problems and proso-
ial behaviour (not included in this study). Each item is scored on a
-point scale of 0 ( not true ), 1 ( somewhat true ), and 2 ( certainly true ).
cores for each scale may range 0-10. Cronbach’s alphas for ages 11
nd 14, respectively, were .70 and .73 for emotional symptoms, .61 and
63 for conduct problems, .77 and .78 for hyperactivity and .63 and .63
or peer problems. Thus, in our sample internal consistency was in line
ith other SDQ research ( Stone et al., 2010 ). 

Perceived neighbourhood (low) safety was measured with one item at
ges 11 and 14 that asked adolescents to report how safe the area around
heir home was to play in. They answered on a 4-point scale from “very
afe ” to “not at all safe ”. A higher perceived neighbourhood safety score
uggests a less safe area. 

Our two proposed mediators were personal victimisation and risky
ehaviour. Personal victimisation was assessed at age 14 with 5 questions
hat asked adolescents to indicate whether or not they had experienced
ach of the following incidents in the past 12 months: Being threatened,
eing physically assaulted, being hit with a weapon, having their posses-
ions stolen and being sexually assaulted. A total victimisation score was
reated by summing the 5 responses together. This total score therefore
epresents the total number of incident types experienced by the ado-
escent in the past year, ranging 0-5. 
3 
Risky behaviour was measured at age 14 with 5 questions that asked
dolescents to state whether or not they had engaged in each of the
ollowing types of risky behaviour in the past 12 months: 1) Been noisy
r rude in a public place, 2) taken something from a shop without paying
or it, 3) written things or sprayed paint on a building, 4) damaged
nything in a public place on purpose and 5) stayed out without parental
ermission. A total score was created representing the total number of
isky behaviours in the past year that the adolescent engaged in, ranging
-5. 

We adjusted our models for child- and parent/family-level co-
ariates that could be possible confounders and/or associated with
election bias into neighbourhoods. The child-level covariates were:
thnicity (based on the UK census official categories: White, Indian,
akistani/Bangladeshi, Black, Mixed and Other), gender and age . The
arent/family-level covariates (all measured at age 11 except for mater-
al education) were: Maternal education (whether the mother attained
 university degree or not by child’s age 14), maternal psychological

istress ( 𝛼= .88) , assessed with the 6-item Kessler scale ( Kessler et al.,
003 ), single-parent status and family socio-economic disadvantage , mea-
ured with a summary of four binary items indexing the family’s eco-
omic and material deprivation ( Malmberg and Flouri, 2011 ): 1) Over-
rowding ( > 1.5 people per room excluding bathroom and kitchen), 2)
ot owning their home, 3) in receipt of means-tested income support and
) living below the poverty line (set for equivalised net family income
t 60% of the national median household income). 

nalytic approach 

All analyses were run in STATA 15.0. First, we explored the dif-
erences between the analytic sample (n = 9,200) and the non-analytic
ample (n = 4,703) in the study variables. Next, we estimated the corre-
ations among the study variables in the analytic sample. To investigate
hether neighbourhood safety perceptions predict adolescent problem
ehaviour, and vice versa, at ages 11 and 14, we estimated cross-lagged
ath models ( Fig. 1 ) with manifest variables, adjusting for all covari-
tes on the age 14 safety perception and problem behaviour variables
Model 1). We used a Wald test to examine which cross-lagged effects
ere stronger. We then added experience of victimisation and tested if it
ediates any of the cross-lagged paths (Model 2). Then we added risky

ehaviour and tested if it mediates any of the cross-lagged paths (Model
). Personal victimisation and risky behaviour were tested in separate
odels but are represented together in Fig. 1 . 

We also conducted a robustness check by adjusting additionally for
n objective measure of neighbourhood socio-economic conditions to
ee whether the perception of the neighbourhood context had an effect
bove and beyond the ‘objective’ context. We adjusted for neighbourhood

edian income for each Lower layer Super Output Area (LSOA 

1 ) (at base-
ine, when the adolescent was age 11) with data from Experian, drawn
rom multiple sources, including the Census, market research and public
ector datasets ( Experian 2011 ). For age 11 (sweep 5), the 2010 neigh-
ourhood median income estimates were used and these were converted
o deciles across all LSOAs. We used the Experian median household in-
ome data because it is a measure for LSOAs across all four countries
n the UK. The Index of Multiple Deprivation, commonly used to mea-
ure area deprivation in the UK, has different measures for each of the
our countries that cannot be used in the same analysis. The Experian
easure has been associated with both externalising and internalising
roblems of children in the MCS ( Flouri et al., 2015 ). 

As part of the robustness check, we also adjusted for whether the
dolescent’s family changed address between ages 11 and 14. A change
f address could mean a change of area, which could result in a change
n one’s perception of safety around their home. House moves have

http://www.cls.ioe.ac.uk/mcs
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Fig. 1. Cross-lagged model of neighbourhood safety and problem behaviour with proposed mediators (personal victimisation and risky behaviour). 
Control variables are family socio-economic disadvantage (at adolescent’s age 11), maternal education by age 14, single parent status (age 11), maternal psychological 
distress (age 11), adolescent’s age in months, gender, ethnicity (Mixed, Indian, Pakistani/Bangladeshi, Black or Other, compared to White) and MCS strata. 

a  

(
 

i  

t  

d  

W  

N

R

B

 

a  

b  

p  

m  

s  

l  

t  

t  

n  

t  

h

C

 

s  

m  

s  

s  

.  

w  

e  

1  

p  

1  

t  

t

C

 

v  

a

M

 

f  

s  

1  

l  

a  

o  

s  

s  

c  

s  

d

M

 

s  

i  

a  

a  

e  

s  

t  

a  

e

lso been related adversely to emotional and behavioural problems
 Gambaro and Joshi, 2016 ). 

All models accounted for the stratified sample design of MCS,
ndicating the areas (wards) from which families were sampled in
he first sweep (age 9 months). There were nine strata: England-
isadvantaged, England-advantaged, English-ethnic, Wales-advantaged,
ales-disadvantaged, Scotland-advantaged, Scotland-disadvantaged,
orthern Ireland-advantaged and Northern Ireland-disadvantaged. 

esults 

ias analysis and descriptives 

Table 1 includes the descriptive statistics for the analytic (n = 9,200)
nd the non-analytic sample (n = 4,703). There were several differences
etween the two samples revealing a more privileged analytic sam-
le. For example, there was a higher proportion of university-educated
others and a lower proportion of single-parent families in the analytic

ample. Furthermore, families in the analytic sample had lower psycho-
ogical distress and socio-economic disadvantage. At both sweeps, par-
icipants in the analytic sample experienced significantly fewer emo-
ional and behavioural difficulties in all domains and reported higher
eighbourhood safety. There was no difference in risky behaviour in the
wo samples but participants in the analytic sample were more likely to
ave been a victim. 

orrelations 

Table 2 shows the correlations between the main variables in the
tudy - neighbourhood safety, the four SDQ domains and the proposed
ediators (personal victimisation and risky behaviour). As expected,

ignificant but weak associations were identified for neighbourhood
afety and most SDQ domains at ages 11 and 14 years, ranging .08-
10. Victimisation and risky behaviour were both associated weakly
ith neighbourhood safety and the SDQ domains ranging .02-.15. How-

ver, age 14 risky behaviour was not significantly correlated with age
1 neighbourhood safety, age 14 emotional symptoms and age 11 peer
roblems. Age 14 risky behaviour was significantly correlated with age
4 
4 peer problems, but its correlation coefficient was negative, indicating
hat children who demonstrated more risky behaviour were less likely
o exhibit peer problems. 

ross-lagged path analysis 

All five cross-lagged models, adjusted for covariates, fitted the data
ery well, with CFI values at or above .96, TLI values at or above .86
nd RMSEA values below .04. 

odel 1: Fully adjusted cross-lagged path model 

Table 3 displays the results of the fully adjusted cross-lagged model
or each SDQ domain. Living in a less safe neighbourhood at age 11 was a
ignificant predictor of a higher number of all four problem types at age
4. Additionally, all four problem types at age 11 significantly predicted
iving in a less safe neighbourhood at age 14. For emotional symptoms
nd conduct problems, a Wald test revealed that the effect of safety
n symptoms was larger than that of symptoms on safety (emotional
ymptoms: chi-square = 176.92, df = 1, p < .001; conduct problems: chi-
quare = 551.83, df = 1, p < .001). For hyperactivity and peer problems,
onversely, a Wald test showed that symptoms had a larger effect on
afety than safety did on symptoms (hyperactivity: chi-square = 338.57,
f = 1, p < .001; peer problems: chi-square = 323.72, df = 1, p < .001). 

odel 2: Testing for mediation by experiences of victimisation 

Experiences of victimisation partially mediated all cross-lagged as-
ociations for each SDQ domain. Tables 4–7 contain the coefficients of
ndirect, direct and total effects for all SDQ domains. For example, being
 victim partially mediated the effect of (low) neighbourhood safety at
ge 11 on the increase of emotional symptoms at age 14. Both the total
ffect ( 𝛽= 0.04, p < .001) and the indirect effect ( 𝛽= 0.005, p < .001) were
ignificant. Being a victim also mediated partially the association be-
ween emotional symptoms at age 11 and lower neighbourhood safety
t age 14 ( Fig. 2 ). Both the total effect ( 𝛽= 0.03, p < .001) and the indirect
ffect ( 𝛽= 0.004, p < .001) were significant. 
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Table 1 

Descriptives of study variables in the analytic sample and in the non-analytic sample. 

Analytic Sample (N = 9,200) Non-Analytic Sample (N = 4,703) 
Categorical variables N % n % 𝜒2 a 

Girl 4674 50.8 2181 46.4 24.43 ∗ ∗ ∗ 

Ethnicity 

White 

Mixed 

Indian 

Pakistani/Bangladeshi 

Black 

Other ethnic group 

Mother is 

university-educated by 

child’s age 14 

7931 

251 

210 

469 

235 

104 

2315 

86.2 

2.7 

2.3 

5.1 

2.6 

1.1 

25.2 

3523 

152 

146 

545 

234 

99 

614 

75.0 

3.2 

3.1 

11.6 

5.0 

2.1 

13.1 

313.31 ∗ ∗ ∗ 

274.17 ∗ ∗ ∗ 

Mother is single parent 

at child’s age 11 

2110 22.9 773 30.7 64.96 ∗ ∗ ∗ 

Continuous variables N Mean (SD) n Mean (SD) t b 

Age 11 

Neighbourhood safety 

Emotional symptoms 

Conduct problems 

Hyperactivity 

Peer problems 

Maternal psychological 

distress 

Socio-economic 

disadvantage 

9200 

9200 

9200 

9200 

9200 

9200 

9200 

1.80 (0.64) 

1.79 (1.94) 

1.28 (1.49) 

2.95 (2.38) 

1.26 (1.60) 

3.87 (4.28) 

0.16 (0.24) 

3553 

3587 

3590 

3562 

3595 

2910 

4078 

1.85 (0.67) 

2.08 (2.10) 

1.68 (1.75) 

3.58 (2.64) 

1.67 (1.87) 

4.73 (4.88) 

0.28 (0.30) 

3.51 ∗ ∗ ∗ 

7.17 ∗ ∗ ∗ 

12.19 ∗ ∗ ∗ 

12.26 ∗ ∗ ∗ 

11.41 ∗ ∗ ∗ 

8.50 ∗ ∗ ∗ 

22.71 ∗ ∗ ∗ 

Age 14 N Mean (SD) n Mean (SD) t b 

Neighbourhood safety 

Emotional symptoms 

Conduct problems 

Hyperactivity 

Peer problems 

Risky behaviour 

Personal victimisation 

Child’s age in months 

9200 

9200 

9200 

9200 

9200 

9200 

9200 

9200 

1.76 (0.58) 

1.95 (2.09) 

1.32 (1.55) 

2.84 (2.34) 

1.64 (1.77) 

0.29 (0.69) 

0.79 (0.97) 

13.76 (0.45) 

2171 

2127 

2129 

2122 

2132 

1937 

1969 

2514 

1.82 (0.60) 

2.47 (2.28) 

1.84 (1.89) 

3.66 (2.54) 

2.20 (1.95) 

0.30 (0.71) 

0.70 (0.96) 

13.81 (0.44) 

4.41 ∗ ∗ ∗ 

9.64 ∗ ∗ ∗ 

11.83 ∗ ∗ ∗ 

13.66 ∗ ∗ ∗ 

12.19 ∗ ∗ ∗ 

0.43 

3.67 ∗ ∗ ∗ 

4.66 ∗ ∗ ∗ 

Notes : 
a Pearson’s Chi-Square; 
b Independent samples t-test. 

Table 2 

Correlations among the main variables in the analytic sample (n = 9,200). 

1 2 3 4 5 6 7 8 9 10 11 12 

1. S6 Emotional 1.000 

2. S5 Emotional .507 ∗∗ 1.000 

3. S6 Conduct .318 ∗∗ .227 ∗∗ 1.000 

4. S5 Conduct .254 ∗∗ .312 ∗∗ .573 ∗∗ 1.000 

5. S6 Hyperactivity .311 ∗∗ .250 ∗∗ .500 ∗∗ .419 ∗∗ 1.000 

6. S5 Hyperactivity .235 ∗∗ .317 ∗∗ .385 ∗∗ .492 ∗∗ .652 ∗∗ 1.000 

7. S6 Peer .418 ∗∗ .310 ∗∗ .275 ∗∗ .255 ∗∗ .286 ∗∗ .265 ∗∗ 1.000 

8. S5 Peer .293 ∗∗ .401 ∗∗ .231 ∗∗ .298 ∗∗ .231 ∗∗ .293 ∗∗ .507 ∗∗ 1.000 

9. S6 NS .090 ∗∗ .077 ∗∗ .063 ∗∗ .060 ∗∗ .077 ∗∗ .071 ∗∗ .099 ∗∗ .090 ∗∗ 1.000 

10. S5 NS .101 ∗∗ .086 ∗ .090 ∗∗ .066 ∗∗ .081 ∗∗ .080 ∗∗ .108 ∗∗ .086 ∗∗ .249 ∗∗ 1.000 

11. S6 Risky behaviour .013 .009 .142 ∗∗ .105 ∗∗ .134 ∗∗ .082 ∗∗ -.021 ∗ .005 .022 .074 ∗∗ 1.000 

12. S6 Victimisation .075 ∗∗ .050 ∗∗ .124 ∗∗ .108 ∗∗ .113 ∗∗ .091 ∗∗ .145 ∗∗ .119 ∗∗ .062 ∗∗ .108 ∗∗ .211 ∗∗ 1.000 

Notes: ∗ p < .05 (2-tailed). ∗∗ p < .01 (2-tailed). S5 and S6 refer to MCS sweeps 5 (age 11) and 6 (age 14), respectively. Emotional = Emotional 
symptoms, Conduct = Conduct problems, Peer = Peer problems, NS = Neighbourhood safety, RB = Risky behaviour. 
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odel 3: Testing for mediation by risky behaviour 

Risky behaviour partially mediated the effect of (low) neighbour-
ood safety at age 11 on the increase of conduct problems at age 14 and
he association between conduct problems at age 11 and reduction in
erceived neighbourhood safety at age 14. Tables 4–7 contain all the co-
fficients of indirect, direct and total effects. Fig. 3 shows the coefficients
or the model of conduct problems. Risky behaviour also mediated the
ffect of hyperactivity problems at age 11 on reducing perceived neigh-
ourhood safety at age 14, but not the reverse association. On the other
and, risky behaviour mediated the pathway from low neighbourhood
afety at age 11 to increased peer problems at age 14, but not the reverse.
a  

5 
isky behaviour did not mediate either cross-lagged path for emotional
ymptoms. 

obustness checks 

We ran the three models again adjusting for neighbourhood median
ncome and residential mobility. Results were robust to these adjust-
ents (Tables S1-S5) with two exceptions: 1) The direct cross-lagged

ffect of hyperactivity on neighbourhood safety in Model 2 (which mod-
lled personal victimisation as mediator) was attenuated, and 2) the di-
ect cross-lagged effect of conduct problems on neighbourhood safety
n Model 3 (which modelled risky behaviour as mediator) was attenu-
ted. Model 1 (Table S1) retained all significant cross-lagged effects and
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Table 3 

Results (unstandardised coefficients, standard errors and standardised coefficients) of cross-lagged models of neighbourhood safety and problem behaviour 
(Model 1). 

Regression paths Emotional symptoms Conduct problems Hyperactivity Peer problems 
b SE B b SE B b SE 𝛽 b SE 𝛽

Stability in neighbourhood safety over time 

Age 11 → Age 14 0.20 ∗ ∗ ∗ 0.01 0.23 0.21 ∗ ∗ ∗ 0.01 0.23 0.21 ∗ ∗ ∗ 0.01 0.23 0.21 ∗ ∗ ∗ 0.01 0.23 

Stability in problem behaviour over time 

Age 11 → Age 14 0.55 ∗ ∗ ∗ 0.01 0.50 0.60 ∗ ∗ ∗ 0.01 0.73 0.63 ∗ ∗ ∗ 0.01 0.64 0.58 ∗ ∗ ∗ 0.01 0.52 

Cross-sectional relationships (covariances) between neighbourhood safety and problem behaviour 

Age 11 0.10 ∗ ∗ ∗ 0.01 0.08 0.05 ∗ ∗ ∗ 0.01 0.05 0.12 ∗ ∗ ∗ 0.02 0.02 0.10 ∗ ∗ ∗ 0.01 0.04 

Age 14 0.04 ∗ ∗ ∗ 0.01 0.04 0.03 ∗ ∗ ∗ 0.01 0.05 0.02 ∗ 0.01 0.08 0.04 ∗ ∗ ∗ 0.01 0.10 

Cross-lagged relationships between neighbourhood safety and problem behaviour 

NS age11 → PB age14 0.14 ∗ ∗ ∗ 0.03 0.04 0.13 ∗ ∗ ∗ 0.03 0.03 0.09 ∗ ∗ ∗ 0.03 0.03 0.10 ∗ ∗ ∗ 0.02 0.04 

PB age11 → NS age14 0.01 ∗ 0.003 0.03 0.01 ∗ ∗ 0.003 0.03 0.01 ∗ ∗ 0.003 0.04 0.02 ∗ ∗ ∗ 0.004 0.04 

∗ p < .05, ∗ ∗ p < .01, ∗ ∗ ∗ p < .001. 𝛽 = standardised beta coefficient. PB = Problem behaviour, NS = Neighbourhood safety. 

Table 4 

Direct, indirect and total effects for models 2 and 3 (hypothesised models of mediation by personal victimisation 
and risky behaviour) for emotional symptoms. 

Direct Indirect Total 
b (SE) 𝛽 b (SE) 𝛽 b (SE) 𝛽

NS age11 → PV age14 → PB age14 0.119(0.028) ∗ ∗ ∗ 0.036 0.015(0.003) ∗ ∗ ∗ 0.005 0.134(0.028) ∗ ∗ ∗ 0.041 

PB age11 → PV age14 → NS age14 0.009(0.003) ∗ ∗ 0.030 0.001(0.0003) ∗ ∗ 0.004 0.010(0.003) ∗ ∗ 0.034 

NS age11 → RB age14 → PB age14 0.129(0.028) ∗ ∗ ∗ 0.184 0.001(0.001) 0.002 0.129(0.028) ∗ ∗ ∗ 0.185 

PB age11 → RB age14 → NS age14 0.010(0.003) ∗ ∗ 0.016 0.0001(0.0002) 0.001 0.010(0.003) ∗ ∗ 0.016 

Notes: p < .05 ∗ , p < .01 ∗ ∗ , p < .001 ∗ ∗ ∗ . PB = Problem behaviour, NS = Neighbourhood safety, PV = Personal victimi- 
sation, RB = Risky behaviour. 

Table 5 

Direct, indirect and total effects for models 2 and 3 (hypothesised models of mediation by personal victimisation 
and risky behaviour) for conduct problems. 

Direct Indirect Total 
b (SE) 𝛽 b (SE) 𝛽 b (SE) 𝛽

NS age11 → PV age14 → PB age14 0.064(0.020) ∗ ∗ 0.026 0.011(0.002) ∗ ∗ ∗ 0.004 0.075(0.020) ∗ ∗ ∗ 0.031 

PB age11 → PV age14 → NS age14 0.008(0.004) 0.019 0.005(0.001) ∗ ∗ ∗ 0.012 0.012(0.004) ∗ ∗ 0.032 

NS age11 → RB age14 → PB age14 0.071(0.020) ∗ ∗ ∗ 0.110 0.005(0.003) ∗ 0.010 0.076(0.020) ∗ ∗ ∗ 0.115 

PB age11 → RB age14 → NS age14 0.009(0.004) ∗ 0.018 0.003(0.001) ∗ ∗ ∗ 0.004 0.012(0.004) ∗ ∗ 0.021 

Notes: p < .05 ∗ , p < . 01 ∗ ∗ , p < .001 ∗ ∗ ∗ . PB = Problem behaviour, NS = Neighbourhood safety, PV = Personal victimi- 
sation, RB = Risky behaviour. 

Table 6 

Direct, indirect and total effects for models 2 and 3 (hypothesised models of mediation by personal victimisation 
and risky behaviour) for hyperactivity. 

Direct Indirect Total 
b (SE) 𝛽 b (SE) 𝛽 b (SE) 𝛽

NS age11 → PV age14 → PB age14 0.074(0.028) ∗ ∗ 0.129 0.012(0.003) ∗ ∗ ∗ 0.017 0.085(0.028) ∗ ∗ 0.140 

PB age11 → PV age14 → NS age14 0.006(0.003) ∗ 0.011 0.002(0.0003) ∗ ∗ ∗ 0.003 0.008(0.003) ∗ ∗ 0.014 

NS age11 → RB age14 → PB age14 0.080(0.028) ∗ ∗ 0.135 0.006(0.003) ∗ 0.012 0.086(0.028) ∗ ∗ 0.141 

PB age11 → RB age14 → NS age14 0.007(0.003) ∗ ∗ 0.012 0.001(0.0003) ∗ ∗ ∗ 0.002 0.008(0.003) ∗ ∗ 0.013 

Notes: p < .05 ∗ , p < .01 ∗ ∗ , p < .001 ∗ ∗ ∗ . PB = Problem behaviour, NS = Neighbourhood safety, PV = Personal victim- 
isation, RB = Risky behaviour. 

Table 7 

Direct, indirect and total effects for models 2 and 3 (hypothesised models of mediation by personal victimisation 
and risky behaviour) for peer problems. 

Direct Indirect Total 
b (SE) 𝛽 b (SE) 𝛽 b (SE) 𝛽

NS age11 → PV age14 → PB age14 0.082(0.024) ∗ ∗ 0.129 0.014(0.003) ∗ ∗ ∗ 0.020 0.096(0.024) ∗ ∗ ∗ 0.143 

PB age11 → PV age14 → NS age14 0.012(0.004) ∗ ∗ 0.019 0.004(0.001) ∗ ∗ ∗ 0.006 0.016(0.004) ∗ ∗ ∗ 0.024 

NS age11 → RB age14 → PB age14 0.099(0.024) ∗ ∗ ∗ 0.146 -0.002(0.001) ∗ -0.0002 0.097(0.024) ∗ ∗ ∗ 0.144 

PB age11 → RB age14 → NS age14 0.016(0.004) ∗ ∗ ∗ 0.024 0.0002(0.0002) 0.001 0.017(0.004) ∗ ∗ ∗ 0.024 

Notes: p < .05 ∗ , p < .01 ∗ ∗ , p < .001 ∗ ∗ ∗ . PB = Problem behaviour, NS = Neighbourhood safety, PV = Personal victimisa- 
tion, RB = Risky behaviour. 

6 
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Fig. 2. Cross-lagged emotional symptoms model of neighbourhood safety and problem behaviour with personal victimisation as mediator. 
Notes . Coefficients are standardised. ∗ ∗ p < .01, ∗ ∗ ∗ p < .001. Control variables are family socio-economic disadvantage (at adolescent’s age 11), maternal education 
by age 14, single parent status (age 11), maternal psychological distress (age 11), adolescent’s age in months (age 14), gender, ethnicity (Mixed, Indian, Pak- 
istani/Bangladeshi, Black or Other, compared to White) and MCS strata. 

Fig. 3. Cross-lagged conduct problems model of neighbourhood safety and problem behaviour with risky behaviour as mediator. 
Notes . Coefficients are standardised. ∗ p < .05, ∗ ∗ p < .01, ∗ ∗ ∗ p < .001. Control variables are family socio-economic disadvantage (at adolescent’s age 11), maternal ed- 
ucation by age 14, single parent status (age 11), maternal psychological distress (age 11), adolescent’s age in months (age 14), gender, ethnicity (Mixed, Indian, 
Pakistani/Bangladeshi, Black or Other compared to White) and MCS strata. 
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ll indirect effects remained in Models 2 and 3 (Tables S2-S5). Adding
eighbourhood median income and residential mobility separately to
he models shows that it was neighbourhood median income that was
ttenuating these direct cross-lagged effects. 

Moreover, the size of the effects of neighbourhood safety perception
nd neighbourhood income was roughly equal ( 𝛽s ranging 0.03-0.04)
or emotional and conduct problems. Neighbourhood income did not
i  

7 
ignificantly predict hyperactivity at age 14 and its effect on peer prob-
ems at age 14 was larger than that of neighbourhood safety perception
neighbourhood income: 𝛽 = 0.06, neighbourhood safety: 𝛽 = 0.03). 

iscussion 

Although there is a fair amount of evidence that adolescents liv-
ng in areas they view as unsafe are more at risk of emotional and
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ehavioural problems ( Hill and Angel, 2005 , Latkin and Curry, 2003 ,
oss and Mirowsky, 2001 ), our study is the first to explore the recip-
ocal relationships between adolescents’ neighbourhood safety percep-
ions and their emotional and behavioural problems, allowing us to get
loser to understanding the direction of these associations. We explored
hese while adjusting for a host of individual and family factors that
ay confound these relationships, as well as those that may be related

o selective sorting of families into neighbourhoods. Ours is also the first
eneral population study to assess why safety perceptions might predict
roblem behaviour and vice versa, by testing for mediation of these re-
iprocal relationships by personal victimisation and risky behaviour. 

As expected, we found reciprocal associations between perceptions
f safety and all domains of emotional and behavioural problems, such
hat adolescents in unsafe areas at age 11 had more problem behaviour
t age 14, and problem behaviour at age 11 predicted a greater likeli-
ood of perceiving one’s area as unsafe at age 14. However, we found
hat, for emotional symptoms and conduct problems, the effect of area
afety on problem behaviour was stronger than the effect of problem
ehaviour on area safety. Conversely, for hyperactivity and peer prob-
ems, the effect of problem behaviour was stronger than the effect of
rea safety. Although effects were small, as standardised coefficients for
ross-lagged relationships ranged .02 to .10, they were robust to adjust-
ents for stability paths and key child and parent/family covariates that
ay confound the associations. 

Additionally, we were able to explain part of all significant recipro-
al relationships with personal victimisation. The percent of total effect
xplained by personal victimisation ranged 10-42%. The more impor-
ant (larger) effects of neighbourhood safety perceptions on emotional
nd conduct problems (rather than vice versa) were explained partly
11% for emotional symptoms and 10% for conduct problems). The
mall contribution of personal victimisation is not surprising. The vic-
imisation experiences we considered can be very stressful and distress-
ng, but (perhaps because of this) were also uncommon in our sample.
n our study, the average adolescent reported experiencing less than
ne (.79) incident in the previous 12 months. However, even for those
ho are not victims, there remains the threat of victimisation, which

an also be distressing because, as Ross and Mirowsky (2009 ; 2001 ) ar-
ue, it promotes alienated views. This ‘ambient victimisation’ ( Ross and
irowsky, 2009 ) may therefore also be important in explaining why un-

afe neighbourhoods are harmful to mental health, but we were unable
o capture this in our study. As for both peer problems and hyperactiv-
ty, 25% of the more important direction of the effect (from problem
ehaviour to neighbourhood safety) was accounted for by personal vic-
imisation. 

Why would certain types of problem behaviour play a more impor-
ant role in one’s perception of the neighbourhood than others? As pre-
iously mentioned, the direction of the association from peer and hyper-
ctivity problems to neighbourhood safety was explained a fair amount
y personal victimisation. Children demonstrating hyperactivity, which
an be quite disruptive in a school or neighbourhood environment, as
ell as those experiencing relational issues with peers, may be more

ikely to be victimised or rejected by peers at school or in the neigh-
ourhood ( Matthews et al., 2015 , Verlinden et al., 2015 ). As a result,
hey may dislike and feel unsafe at school and in their community. On
he other hand, neighbourhood safety perceptions were more important
or conduct problems and emotional symptoms in our study. Adoles-
ents living in a dangerous area may experience social isolation due
o anxiety and fear, in turn related to anger and depression ( Ross and
irowsky, 2009 , Ross and Mirowsky, 2001 ) – symptoms and behaviours

aptured by the SDQ, our measure. Adolescents may respond to fear
y either internalising their feelings resulting in emotional problems or
y protecting themselves by behaving more aggressively, demonstrating
onduct problems. 

Risky behaviour, however, explained the links between neighbour-
ood safety and problem behaviour more weakly than did personal vic-
imisation. Risky behaviour did mediate all reciprocal paths except for
8 
hree, but explained less of the total effect: it did not mediate the cross-
agged associations for emotional symptoms, or the link from peer prob-
ems to later neighbourhood safety, despite it being the path with the
arger effect. The percent of total effect across the paths explained by
isky behaviour ranged 1-25%. The more important effects from problem
ehaviour to perceptions of safety (rather than vice versa) for hyperac-
ivity and peer problems were mediated very weakly by risky behaviour
12.5% for hyperactivity and 1% for peer problems). 

Some of these weak mediation results notwithstanding, our cross-
agged effects remained despite additional adjustments for an objective
eighbourhood measure – neighbourhood median income – as well as
esidential mobility. The effects of perceived neighbourhood safety and
eighbourhood income were roughly equal in size (both small when
onsidering the standardised coefficients) for emotional and conduct
roblems. Neighbourhood income did not predict hyperactivity and its
ffect on peer problems was larger than that of perceived neighbour-
ood safety. Little research has incorporated both objective and subjec-
ive measures of neighbourhood disorder, violence, safety or crime in
he same study. What has been done suggests that perceptions are more
mportant than objective indicators ( Goldman-Mellor et al., 2016 ). Al-
hough neighbourhood income is distinct from neighbourhood crime or
iolence, typically viewed - when measured using administrative data
n area crime - as objective indicators of area safety, our study shows
hat the relative importance of objective and subjective measures with
egard to adolescent problem behaviour may depend on the behaviour
omain considered. 

Nonetheless, our study has a number of limitations. First, the fam-
lies in our sample were more advantaged than those in the MCS who
ere not in the sample, and were more likely to report feeling safer in
eighbourhoods (although reported experiencing more victimisation).
herefore, the results may not apply to a sample more diverse in terms
f family and neighbourhood socio-economic characteristics. Second,
he cross-lagged panel modelling that we adopted has some disadvan-
ages despite its many strengths, including that it does not explicitly con-
ider the passage of time, and that the window of time between waves
ay be too short, or too long, to capture the reciprocal effects. Third,

ur measure of neighbourhood safety is based on one item only that
sked adolescents to report how safe the area around their home was
o play in. Moreover, this measure does not specify the source of in-
ividuals’ perceptions of safety (e.g., crime or traffic ( Verlinden et al.,
015 )). Ideally, we would have more items to tap into this construct
o improve the quality of measurement, but we were limited by our
ata. Fourth, we could not consider important neighbourhood charac-
eristics that may confound the associations we estimated. Reciprocal
ssociations in fully adjusted models and mediation effects were robust
o adjustments for neighbourhood incomewhich relates to neighbour-
ood socio-economic disadvantage. Nevertheless, we did not have data
n neighbourhood crime statistics or subjective indicators of disorder
uch as abandoned buildings or dog mess, which may be related to both
eighbourhood safety and problem behaviour. Similarly, there may be
nobserved family and adolescent characteristics that may be related to
election into neighbourhoods. Fifth, we only considered two mediators,
oth related, broadly, to crime. Other mediators theorised in the existing
iterature should be explored in future research, such as loneliness, stress
nd isolation ( Ross and Mirowsky, 2009 , Ross and Mirowsky, 2001 ).
elatedly, it may be interesting to assess biomarkers of stress and in-
ammation as there are some longitudinal, general population studies
hat provide these assessments. The data we used from the MCS unfor-
unately did not have measures of either. Sixth, self-reported measures
ike neighbourhood safety perception and problem behaviour are sensi-
ive to common method bias, where personality or affective traits influ-
nce individuals’ evaluations of their neighbourhoods and their risk of
roblem behaviour ( Fujiwara and Kawachi, 2008 , Meltzer et al., 2007 ).
ast, our measure of problem behaviour had only adequate internal
alidity for conduct problems and peer problems (Cronbach’s alphas
anging .60-.63). 



E. Midouhas, M. Sifaki, H. Lai et al. Wellbeing, Space and Society 2 (2021) 100036 

 

a  

c  

l  

f  

d  

g  

p  

a  

s  

e

D

 

i  

t

F

 

C

S

 

t

R

A  

 

A  

 

A  

 

B  

C  

 

C  

 

C  

 

C  

 

D  

 

 

D  

D  

 

E
F  

 

F  

 

 

F  

 

F  

 

F  

 

F  

 

F  

 

 

F  

 

G  

G  

 

G  

G  

 

G  

 

H  

H  

H  

 

H  

 

K  

 

 

K  

 

 

K  

 

L  

 

L  

 

L  

 

M  

 

M  

 

M  

 

M  

 

M  

 

M  

 

P  

P  

 

R  

 

 

R  

R  
Despite these limitations, our study has important strengths. Even
fter taking into account confounding and reverse causality in the asso-
iation between neighbourhood safety perception and adolescent prob-
em behaviour, our study documented reciprocal effects which also dif-
ered in both strength and direction according to problem behaviour
omain. It also tested for explanations of these effects. Our findings sug-
est there is a dynamic and complex relationship between adolescents’
erceived neighbourhood safety and their emotional and behavioural
djustment. Future research should explore these reciprocal relation-
hips over a longer period across development, and should attempt to
lucidate further the pathways linking them. 
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