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Abstract
Introduction: Control beliefs can protect against age-relat-
ed declines in functioning. It is unclear whether neighbor-
hood characteristics shape how much control people per-
ceive over their life. This article studies associations of neigh-
borhood characteristics with control beliefs of residents of a 
diverse metropolitan area (Berlin, Germany). Methods: We 
combine self-report data about perceptions of control ob-
tained from participants in the Berlin Aging Study II (N = 507, 
60–87 years, 51% women) with multisource geo-referenced 
indicators of neighborhood characteristics using linear re-
gression models. Results: Findings indicate that objective 
neighborhood characteristics (i.e., unemployment rate) are 
indeed tied to perceptions of control, in particular, how 
much control participants feel others have over their lives. 
Including neighborhood characteristics in part doubled the 

amount of explained variance compared with a reference 
model covarying for demographic characteristics only (from 
R2 = 0.017 to R2 = 0.030 for internal control beliefs; R2 = 0.056 
to R2 = 0.102 for external control beliefs in chance; R2 = 0.006 
to R2 = 0.030 for external control beliefs in powerful others). 
Discussion/Conclusion: Findings highlight the importance 
of access to neighborhood resources for control beliefs 
across old age and can inform interventions to build up 
neighborhood characteristics which might be especially 
helpful in residential areas with high unemployment.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Location counts not only in real estate. Neighbor-
hoods shape many aspects of their residents’ lives, such as 
health or well-being [1]. Location also touches on many 
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aspects that have been shown to affect psychosocial func-
tioning. In this study, we aimed to investigate the role of 
neighborhood characteristics in control beliefs. Control 
beliefs can be defined as an individual’s perception about 
their ability to shape their life circumstances and to attain 
desired outcomes [2]. Lifespan psychology considers 
control beliefs to be multi-dimensional, including facets 
of internal and external control (for an overview, see [3]).

Internal control beliefs reflect beliefs about one’s ca-
pacity to bring about a given outcome [4]. They refer to 
desirable and undesirable outcomes such as fulfilling the 
tasks of everyday life or perceptions of personal respon-
sibility, such as motivation to invest more diligence in the 
future. In contrast, external control beliefs are beliefs 
about forces that are beyond one’s control. External con-
trol beliefs often denote powerful others in one’s person-
al, social, or professional life (e.g., spouse or caregiver) 
who determine important aspects of life or refer to the 
belief that good or bad things in life are determined by 
chance, fate, or luck [5].

Lifespan theory emphasizes that control beliefs are an 
integral component of adaptive self-regulation and a key 
predictor of successful development and aging [6, 7]. In 
particular, perceiving more control over one’s life is 
linked to better health and overall lower mortality. These 
effects remain while accounting for other psychosocial 
resources, such as well-being, personality, or social inte-
gration, indicating that perceptions of control have pre-
dictive validity for aging related outcomes over and above 
other factors [8, 9]. It is thus crucial to understand cor-
relates of control beliefs. Studies have shown that control 
beliefs are associated with individual difference charac-
teristics such as socio-demographic, physical health, cog-
nitive, and social factors (e.g., [7]). Yet, individual devel-
opment does not occur in isolation [10]. Empirical stud-
ies have shown that the contexts individuals live in, 
including features of the neighborhood environment, 
matter for individual physical and psychosocial function-
ing [10, 11].

Declining resources with advancing age make individ-
uals increasingly vulnerable (e.g., [12]). Neighborhood 
characteristics might constitute a resource to draw from 
to maintain perceptions of control in older age [13]. For 
example, increasing (physical or social) loss experiences 
might make older adults more dependent on their imme-
diate environment. Having access to neighborhood re-
sources, such as public transportation or doctors, might 
affect how much control older adults perceive over their 
lives or how much control they feel others have over their 
lives. Similarly, low resource neighborhood settings (e.g., 

high crime rates) might amplify existing vulnerabilities in 
older adults and therefore undermine how much control 
people perceive over their lives [14]. Features of the neigh-
borhood environment, such as land use characteristics, 
noise, or pollution might also affect older adults’ percep-
tions of control, since they cannot regulate these features. 
Moreover, the physical environment can affect how older 
individuals interact with their neighborhood and its re-
sources. For example, urban green and blue spaces might 
encourage individuals to walk more frequently [15], while 
noise or pollution may have the opposite effect.

In the current study, we apply multiple regression 
models to data on control beliefs, obtained from partici-
pants of the Berlin Aging Study II (BASE-II; N = 507) and 
address 2 sets of questions about the role of residential 
environments for individual control beliefs. First, we ex-
amine the role of multisource geo-referenced indicators 
of neighborhood for internal and external control beliefs 
and provide a quantification of the size of these effects 
over and above key sociodemographic individual differ-
ence characteristics. We hypothesize that geo-referenced 
indicators of neighborhood are associated with internal 
and external control beliefs. Second, we explore how 
neighborhood-level characteristics are related to be-
tween-person differences in perceptions of control while 
additionally accounting for interactions with potentially 
relevant physical health and characteristics of cognitive 
functioning. We hypothesize that neighborhood-level 
factors are associated with internal and external control 
beliefs over and above potentially relevant physical health 
and cognitive functioning characteristics. We explicitly 
choose to examine a number of neighborhood character-
istics from multiple resources to examine the collective 
effect of neighborhood on perception of control. This ex-
planatory approach allows us to gain first insights into the 
combined effect of neighborhood characteristics on per-
ceptions of control, while accounting for cognitive, health, 
psychosocial, and sociodemographic factors.

Materials and Methods

Participants and Study Design
The Berlin Aging Study II is a multidisciplinary prospective 

cohort study of older individuals living in the Berlin metropolitan 
area [16, 17]. The original sample consists of about 2,200 individu-
als divided into a “young” subsample (600 men and women aged 
20–35 years) and an “old” subsample (1,600 men and women aged 
60–80 years). The data collection involved a medical anamnesis 
and examination at the Charité-Universitätsmedizin Berlin, a sur-
vey administered by the German Socio-Economic Panel Study 
(SOEP) group at DIW Berlin, and a cognitive and psychosocial as-
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sessment conducted at the Max Planck Institute for Human Devel-
opment (see also [16, 17]). Subjects gave their written informed 
consent and the study protocol was approved by the Ethics Com-
mittee of the Max Planck Institute for Human Development, Ber-
lin, Germany, and Charité-Universitätsmedizin Berlin.

In the current study, we used data from 507 participants of the 
older age-group (60–80 years) and 119 participants from the 
younger age-group (20–35 years) of the socio-economic, psycho-
social, and medical module of BASE-II who provided data on our 
variables of interest. Previous studies have identified associations 
between neighborhood characteristics and health outcomes in old-
er adults using sample sizes of approximately 500 participants (for 
reviews, see [18]). Using a sample size of over 500 in the current 
study will allow us to identify any potential associations between 
our variables of interest.

The survey took place between September 2012 and January 
2013. For a detailed description of the socioeconomic module, see 
[19]. Specifically, participants were asked to fill in an individual ques-
tionnaire concerning their biographical data, socioeconomic, and 
sociodemographic characteristics as well as a household question-
naire covering their living conditions and household information. 
Questionnaires and data collection procedures were adapted from 
the SOEP core survey, the largest multi-cohort survey in Germany.

For the psychosocial module, measures were obtained as part 
of a take-home questionnaire. The cognitive test used here as a cor-
relate was administered as part of a comprehensive cognitive test 
battery and was carried out by trained interviewers in group ses-
sions of 3–6 participants. Medical information was obtained at 
Charité-Universitätsmedizin Berlin through a 2-day protocol in-
cluding a wide range of laboratory and functional tests as well as a 
comprehensive anamnesis performed by a physician [16].

Measures
Internal and External Control Beliefs
The 3 control belief dimensions were assessed using items de-

rived from conceptual and empirical work on locus of control [2, 
20]. For each dimension, participants were asked to indicate the 
extent to which they agreed with 3 or 4 statements, using a 5-point 
Likert-scale with end point labels of 1 = “does not apply to me at 
all” and 5 = “applies very well to me.” Following previous empirical 
work, we then used a sum score for each subscale [5]. Internal con-
trol beliefs were measured as the average response to 6 items (Cron-
bach’s alpha ≥0.78; e.g., “It’s up to me to arrange for all the good 
things in my life”). External control beliefs in powerful others were 
measured as the average of 4 items (Cronbach’s alpha ≥0.77; e.g., 
“The good things in my life are determined by other people”). Ex-
ternal control beliefs in chance were measured as the average of 4 
items (Cronbach’s alpha ≥0.70; e.g., “The good things in my life 
are, for the most part, a matter of luck”). All subscales were mod-
erately correlated, indicating the distinct nature of these facets as 
shown in previous research (e.g., [5]).

Neighborhood Characteristics
The geo-coordinates of the residential addresses of the BASE-II 

participants allowed us to combine the BASE-II data with geo-
referenced information on environmental and neighborhood 
characteristics from a wide range of sources, which capture the 
dimensions of access to neighborhood resources, neighborhood dis-
advantage, physical neighborhood environment, and neighborhood 
composition. These indicators were provided at different levels of 

aggregation, ranging from exact geocoded locations (e.g., for ac-
cess to neighborhood resources) to broader areal units, such as 
urban planning areas or districts. It is important to acknowledge 
that the level of aggregation can influence the results of statistical 
analyses [21] (this is often referred to as the “modifiable areal unit 
problem”). Unfortunately, we cannot freely choose the level of ag-
gregation for our analysis. Rather than aggregate all measures of 
neighborhood characteristics to the district level, we will use all 
indicators at the lowest possible level of aggregation.

Our measures of access to neighborhood resources are based 
on the distance to local amenities derived from OpenStreetMap. 
We calculated the exact distances to the closest hospitals, physi-
cians, and public transport stops based on the residential address-
es of the BASE-II participants.

Neighborhood disadvantage was assessed using 2 distinct mea-
sures: first, local unemployment rate, provided by the Statistical 
Office Berlin-Brandenburg for 447 small urban planning areas and 
second, district-level crime rates provided by the Berlin Police. We 
used the natural logarithm of the total number of crimes per 
100,000 residents in 2012.

The physical environment is represented through land use and 
air traffic. Land use in the neighborhood was assessed using the 
European Urban Atlas, provided by the European Environment 
Agency. Based on satellite imagery, the European Urban Atlas as-
signs urban areas >0.25 ha to well-defined land use categories, such 
as green urban areas (e.g., parks), forests, waters, and wasteland 
(e.g., former industrial areas) [22]. For this study, we used 4 vari-
ables (i.e., green spaces, forests, waters, and wasteland) measur- 
ing the square meters covered by each category in an area with a 
1,000 m radius around each household [for further details see [1, 
23]). Data on air traffic were provided by German Air Traffic Con-
trol (Deutsche Flugsicherung GmbH) for all flights starting or 
landing at the airports Berlin Schönefeld and Berlin Tegel between 
May 1 and October 31, 2012. The data contain average, minimal, 
and maximal flight altitude as well as the total number of flights 
for a grid of 2,500 cells covering the whole Berlin area. We include 
data on air traffic as previous studies have shown that aircraft noise 
affects health (and in particular sleep quality) [24–26]. Moreover, 
in contrast to noise pollution through street traffic and industry, 
air traffic data are readily available for the whole metropolitan area. 
Finally, we include measures of the age structure (“share of chil-
dren under 15 years” and “share of seniors over 65 years” in per-
cent) for the 447 planning areas into our model to account for the 
neighborhood composition.

There was major variation in these neighborhood characteris-
tics across the sample. For example, the local unemployment rate 
varied between 4 and 39% with an average of 13%. The share of 
children in the neighborhood varied between 5 and 23% with a 
mean of 12%, and the share of seniors varied between 2 and 38% 
(average of 17%). Participants lived on average 190 m away from 
the closest public transport stop, 960 m from the nearest physician, 
and 3.7 km from the nearest hospital. There were on average 60 
crimes per month and 100,000 residents. The average number of 
flights was 1,313 with a minimum altitude of 373 m and an average 
altitude of 2,028 m. The land covered by urban green areas varied 
between 0 and 111 ha, while the area covered by forests varied be-
tween 0 and 250 ha. Wasteland made up between 0 and 7 ha, while 
water covered between 0 and 124 ha (see online suppl. Table 
SUM.1; see www.karger.com/doi/10.1159/000515634 for all on-
line suppl. material for further details).
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Individual-Level Covariates
We also included several socio-demographic, physical health, 

and cognitive functioning measures in our analysis. Age was cal-
culated based on year and month of the interview as well as year 
and month of birth. Gender was coded as women (0) and men (1). 
Education was measured in number of years (M = 14.4, SD = 2.94; 
range: 7–18). Income was assessed as net monthly household in-
come, adjusted for household size (based on the OECD-equiva-
lence scale), and transformed using the natural logarithm. Part-
nered was assessed as a binary variable with 1 = cohabiting with a 
partner or 0 = not cohabiting with a partner. Morbidity was as-
sessed as part of the medical examinations by physicians at the 
Charité University Hospital, Berlin. Diagnoses were obtained 
through participant reports, with select diagnosis (e.g., diabetes 
mellitus) being verified by additional (blood laboratory) tests (for 
details, see [27]). Diagnoses were used to compute a morbidity in-
dex largely based on the categories of the Charlson Index [28]. 
Cognitive functioning was measured using the digit symbol substi-
tution test (WAIS; [29]). The test consists of a code box with 9 
digit-symbol pairs where each digit is paired with a corresponding 
symbol, and rows of double boxes with a digit in the top box and 
an empty lower box. Participants were asked to fill in as many cor-
responding symbols as possible in 90 s. Scores indicate the number 
of correctly filled boxes, with penalty for wrong answers (score = 
correct – wrong).

Statistical Analysis
We used linear regression models to estimate the predictive ef-

fects of neighborhood characteristics for control beliefs. All stan-
dard errors were adjusted to account for potential correlation 
within neighborhoods at level of urban planning regions. We esti-
mated 3 models for each outcome variable: First, we estimated the 
overall predictive effects of neighborhood characteristics using the 
full sample. Then, we estimated models for the young age-group 
and the older age-group separately. In the following, we focus on 
results for the older age-group only, and estimates for the younger 
age-group are reported in the online suppl. material (see online 
suppl. SUM.1, 4). In all models, we included control variables for 
sex, a quadratic age trend, since previous studies highlight the non-
linear age trajectory of control beliefs in older age [8], marital sta-
tus, years of education, and log of equivalized net monthly house-
hold income, morbidity, and cognitive functioning. In a further 
analysis, we examined interactions with all variables that have been 
previously shown to moderate the association between control be-
liefs and its correlates [8]. First, we estimated separate regression 
models including interaction terms with age, gender, education, 
and morbidity one at a time. Then, we retained those interactions 
that proved significant at the 10% level and re-estimated the mod-
el including all significant interaction terms in the same regression.

Finally, we conducted several sensitivity analyses. First, we re-
estimated our model on a subsample of respondents that reported 
no residential move outside their district within the last 10 years 
to reduce concerns about self-selection of individuals into particu-
lar urban areas which may be correlated with the outcome. For 
example, higher internal control individuals might move to areas 
with more resources, which in turn increases their internal control 
beliefs even further. Second, we estimated the regression models 
using a reduced set of covariates, controlling only for age, gender, 
and education. Third, we re-estimated our model and included 
subjective perceptions of the neighborhood as additional covari-

ates (see online suppl. SUM.6), which were associated with differ-
ences in health and well-being in previous research [30]. All mod-
els were estimated in STATA 15 [31].

Results

Intercorrelations
Online suppl. Table SUM.2 reports intercorrelations 

for the variables under study. The largest intercorrela-
tions were obtained for external control beliefs in chance 
with both objective and perceived neighborhood charac-
teristics. For example, participants report more external 
control beliefs in chance the higher the unemployment 
rate of their living area is (r = 0.126), the larger the share 
of welfare recipients (r = 0.110), the more flights in the 
area (r = 0.100).

Importantly, correlations between measures of neigh-
borhood characteristics are in the small to moderate 
range, indicating that these tap into different areas of a 
larger construct space. To illustrate, variables within the 
same category tend to exhibit higher intercorrelations 
(e.g., land use forest and land use water: r = 0.293), where-
as variables across category and source show generally 
smaller correlations (e.g., local crime rate and perceived 
problems with crime r = 0.160, both p’s < 0.05 if not low-
er).

The Role of Objective Neighborhood Characteristics 
for Perceptions of Control
Figure 1 shows the estimated coefficients for associa-

tions between objective neighborhood characteristics and 
control beliefs. All coefficients are standardized, i.e., ef-
fect sizes are measured in standard deviations. All models 
were controlled for differences in age, gender, education, 
household income, partnership status, morbidity, and 
cognitive functioning (see also online suppl. Table SUM.3; 
online suppl. Fig. SUM.1).

None of the associations between internal control be-
liefs and neighborhood characteristics are statistically sig-
nificant at conventional levels. Moreover, most of the ef-
fects are relatively small. The strongest association was 
found for the share of seniors in the neighborhood (β = 
–0.101, p > 0.1). In contrast, Figure 1 also shows several 
statistically significant associations between external con-
trol beliefs and neighborhood characteristics. Notably, 
higher unemployment rate is significantly associated with 
higher external control beliefs in chance (β = 0.148, p < 
0.01). A higher share of wasteland is associated with low-
er external control beliefs in chance (β = –0.085, p < 0.05). 
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Individuals living further away from the nearest hospital 
report lower external control beliefs in powerful others  
(β = –0.095, p < 0.05), and a higher minimum altitude of 
aircrafts is associated with more external control beliefs 
in powerful others (β = 0.106, p < 0.05).

Finally, we compared the R2 from regression models 
controlling only for demographic characteristics (i.e., 
age, gender, and education) to a model which addition-
ally includes our measures of neighborhood characteris-
tics. For all 3 dimensions of control beliefs, the fraction of 
explained variance (as measured by the R2) almost dou-
bles (from R2 = 0.017 to R2 = 0.030 for internal control 
beliefs; R2 = 0.056 to R2 = 0.102 for external control beliefs 
in chance; R2 = 0.006 to R2 = 0.030 for external control 
beliefs in powerful others; see online suppl. Table SUM.3). 
In contrast, additionally controlling for household in-

come, partnership status, morbidity, and cognitive func-
tioning had a more limited impact on the R2 for internal 
control beliefs and external control beliefs in chance, 
while the change in the R2 was comparable to the inclu-
sion of neighborhood characteristics for external control 
beliefs in powerful others. In other words, neighborhood 
characteristics are as important as known individual-lev-
el correlates.

The corresponding results for the younger sample are 
shown in the online suppl. material (see online suppl. Ta-
bles SUM.2, SUM.4). We find a positive association be-
tween the distance to the nearest hospital and internal 
control beliefs (β = 0.332, p < 0.05). External control be-
liefs in chance are negatively associated with the mini-
mum distance to GPs (β = −0.329, p < 0.05) and the aver-
age altitude of flights (β =−0.236, p < 0.05), and there is a 
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Fig. 1. Results from separate linear regression analyses on (standardized) control belief dimensions for the older 
sample. The dots mark the point estimates, the lines provide 95% confidence intervals. Regression analyses co-
varied for sex, a linear and quadratic age trend, marital status, years of education, log of equivalized net monthly 
household income, morbidity, and cognitive functioning. The results show that neighborhood composition was 
associated with internal and external control beliefs.
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positive association with the total number of flights (β = 
0.171, p < 0.05). Similarly, to the older sample, neighbor-
hood characteristics contributed substantially to the ex-
plained variation in control beliefs.

Heterogeneity by Age, Gender, Education, and 
Morbidity
The interaction terms reveal considerable heterogene-

ity in the association between neighborhood and control 
beliefs, especially internal control beliefs (see online sup-
pl. Table SUM.5). For example, while the estimate of the 
main effect suggests that larger vacancy is associated with 
higher internal control, the interactions show that this as-
sociation diminishes with age and morbidity. In contrast, 
water areas show an increasingly stronger association 

with internal control for those with higher morbidity. 
Likewise, aircraft noise seems to be more strongly associ-
ated with internal control beliefs for those with higher 
education as well as men. Similarly, for external control 
beliefs in chance we find that the total number of flights 
seems to matter more for men and individuals with high-
er morbidity, whereas the average altitude of flights mat-
ters more for older individuals. Again, the pattern is rela-
tively complex with some results pointing towards a pos-
itive association between aircraft noise and external 
control beliefs, while others point towards a negative re-
lationship. For example, the interaction term with age 
suggests that for older individuals a higher average alti-
tude of flights (i.e., less aircraft noise) is associated with 
higher external control beliefs. For external control be-

Table 1. Standardized prediction effects (β) from regression analyses of control beliefs by neighborhood characteristics and the correlates 
in older adults (full sample vs. nonmovers)

Internal control beliefs External control – chance External control – others

full sample no move since 
2002

full sample no move since 
2002

full sample no move since 
2002

Individual covariates
Age −5.912 (5.260) −3.217 (5.765) 4.676 (4.699) 3.626 (4.644) −1.125 (3.944) −0.876 (4.300)
Age2 4.213 (3.744) 2.354 (4.113) −2.962 (3.364) −2.209 (3.301) 0.945 (2.764) 0.678 (3.018)
Male 0.142 (0.051)** 0.125 (0.053)* −0.034 (0.047) −0.025 (0.051) −0.015 (0.048) −0.001 (0.055)
Education 0.004 (0.052) 0.004 (0.054) −0.090 (0.044)* −0.101 (0.047)* 0.074 (0.044) 0.067 (0.046)
Household income 0.111 (0.078) 0.082 (0.091) −0.166 (0.080)* −0.131 (0.088) −0.162 (0.062)** −0.111 (0.073)
Partnered −0.141 (0.065)* −0.144 (0.071)* 0.001 (0.050) −0.007 (0.054) 0.148 (0.052)** 0.128 (0.059)*
Morbidity index −0.025 (0.044) −0.029 (0.050) −0.018 (0.043) −0.018 (0.047) −0.028 (0.045) −0.052 (0.046)
Digit symbol test 0.090 (0.063) 0.101 (0.067) −0.062 (0.056) −0.058 (0.061) −0.093 (0.058) −0.106 (0.064)
Constant 0.931 (0.802) 0.512 (0.873) −0.916 (0.706) −0.766 (0.709) 0.015 (0.624) 0.039 (0.679)

Neighborhood characteristics
Unemployment rate −0.054 (0.062) −0.038 (0.075) 0.148 (0.049)** 0.131 (0.058)** 0.020 (0.057) 0.044 (0.072)
Share of children −0.019 (0.072) −0.044 (0.081) 0.006 (0.053) −0.003 (0.062) −0.028 (0.057) −0.018 (0.068)
Share of seniors −0.100 (0.073) −0.083 (0.079) 0.019 (0.055) 0.054 (0.063) −0.102 (0.066) −0.102 (0.076)
Minimum distance: physician −0.005 (0.056) −0.007 (0.057) −0.029 (0.047) −0.030 (0.055) −0.025 (0.045) −0.015 (0.049)
Minimum distance: hospital 0.024 (0.050) 0.040 (0.056) −0.055 (0.043) −0.027 (0.049) −0.096 (0.042)* −0.088 (0.047)
Minimum distance: public transport 0.005 (0.046) 0.040 (0.048) −0.036 (0.038) −0.024 (0.046) 0.035 (0.048) 0.064 (0.050)
Crimes per 100,000 residents (log) −0.041 (0.057) −0.041 (0.064) −0.005 (0.047) −0.005 (0.053) 0.032 (0.054) 0.018 (0.061)
Flights: minimum altitude 0.003 (0.046) −0.012 (0.048) −0.062 (0.048) −0.065 (0.052) 0.107 (0.048)* 0.106 (0.051)*
Flights: average altitude −0.015 (0.049) −0.020 (0.057) 0.002 (0.047) 0.005 (0.049) −0.019 (0.049) −0.012 (0.053)
Flights: total number −0.052 (0.034) −0.072 (0.033)* 0.070 (0.035)* 0.064 (0.036) 0.011 (0.042) 0.013 (0.045)
Area: wasteland 0.064 (0.054) 0.021 (0.062) −0.089 (0.043)* −0.094 (0.046)* −0.042 (0.061) −0.020 (0.067)
Area: green space −0.017 (0.054) −0.025 (0.063) 0.023 (0.052) 0.015 (0.060) 0.014 (0.042) −0.022 (0.047)
Area: forest −0.003 (0.053) −0.021 (0.058) 0.066 (0.051) 0.063 (0.056) −0.053 (0.049) −0.076 (0.052)
Area: water −0.005 (0.061) −0.023 (0.060) −0.024 (0.048) −0.022 (0.048) −0.006 (0.036) 0.004 (0.038)

R2 0.044 0.043 0.104 0.089 0.064 0.059

N 494 436 494 436 494 436

Estimates show standardized regression coefficients from a linear regression model. The “No move since 2002″ sample only includes individuals who 
reported to live in the same district. * p < 0.05; ** p < 0.01.
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liefs in powerful others, only 3 interaction terms were in-
cluded in the model. None of them were statistically sig-
nificant at the 5% level.

Sensitivity Analyses
We conducted several sensitivity analyses. First, we ac-

counted for individual-level covariates of income, part-
nership status, morbidity, and cognitive functioning. On-
line suppl. Table SUM.3 shows that most coefficient esti-
mates are not affected by the inclusion of these covariates. 
Excluding these covariates from the model would result 
in 2 notable changes: In the reduced model, there is a sig-
nificant association between forest areas and external 
control beliefs in chance (β = –0.083, p < 0.05), while the 
association between the minimal distance to the nearest 
hospital and external control beliefs in powerful others is 
no longer significant (β = –0.026, p > 0.1).

Second, we re-estimated our main model in Figure 1 
for a subsample of older individuals who did not report a 
residential move outside their district in the last 10 years. 
Individuals select into their neighborhoods, and it ap-
pears plausible that those who are most affected by, for 
example, noise or crime might choose to move to a differ-
ent neighborhood. This selection effect would attenuate 
our estimates. The results are shown in Table 1.

The “full sample” shows the estimates from our main 
model in Figure 1, while the column titled “No move since 
2002” excludes those individuals who reported a residen-
tial move between city districts between 2002 and 2012. 
First, we note that very few individuals moved. This is in 
line with the previous findings suggesting that relocation 
rates in Germany are traditionally low [1]. Excluding 
movers only reduces the sample size by 58 observations. 
Moreover, the estimated associations are very similar 
across specifications, both qualitatively and quantitative-
ly. Thus, we concluded that selection into neighborhood 
is unlikely to pose a major problem for our findings.

Finally, we estimated a model including subjective per-
ceptions of the neighborhood as covariates. Our main re-
sults remained stable while controlling for subjective per-
ceptions of neighborhood (see online suppl. Table SUM.6).

Discussion

This study examined associations between objectively 
measured neighborhood characteristics and 3 distinct di-
mensions of control beliefs for a sample of community-
dwelling older individuals. For internal control, we found 
that the size and direction of these associations exhibited 

substantial heterogeneity across age, gender, education, 
and morbidity, which suggests that the role of neighbor-
hood characteristics for perceptions of internal control 
differs considerably across individuals. For external con-
trol beliefs, we found that the unemployment rate is as-
sociated with higher external control beliefs in chance, 
whereas larger wasteland was associated with fewer be-
liefs in chance. The former association suggests that indi-
viduals in economically deprived areas feel more con-
trolled by external circumstances. This is in line with 
work suggesting that contextual unemployment matters 
for health and well-being. The underlying idea has been 
described as the “collective burden of neighborhood un-
employment” suggesting that neighborhood unemploy-
ment operates through mechanism such as labor or edu-
cational and market opportunities, deprivation in infra-
structure, availability of healthy foods at affordable prices, 
increased stress, and lack of social support [32, 33]. Our 
results are the first to suggest that this also holds true for 
perceptions of control. The latter association is more sur-
prising. It is possible that a higher proportion of waste-
land is indicative of neighborhoods that are located in 
areas with a large number of abandoned industrial sites 
and gaps between buildings and streets, which have not 
fully been (re)purposed. It could be that individuals per-
ceive this as an opportunity window they could capitalize 
and benefit from but that is still beyond their own doing 
and thus feel less controlled by external circumstances.

We found that living closer to a hospital was associ-
ated with higher external control beliefs in powerful oth-
ers. This could reflect that the presence of a hospital might 
serve as a frequent reminder of situations in which indi-
viduals depend on medical professionals. This could ulti-
mately foster their belief of being controlled by external 
factors.

Finally, we also found that a higher minimal altitude 
of aircraft crossings is associated with higher external 
control beliefs in powerful others. This might seem coun-
terintuitive because we would have expected that aircraft 
noise goes hand in hand with increased external control 
beliefs. However, our analysis of interaction effect shows 
that the association between aircraft noise and control 
beliefs is highly complex. For example, in the model for 
external control beliefs in chance the total number of 
flights (which should approximate more frequent aircraft 
noise) is associated with higher external control, but the 
average altitude (where higher values should represent 
lower noise levels) is also associated with higher external 
control. A potential explanation could be that our vari-
ables on flight crossings do not purely pick up the effects 
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of aircraft noise, but are also driven by other dynamics, 
since flight paths also affect other characteristics of the 
neighborhood such as land prices. Furthermore, a previ-
ous study using the same data suggested that these objec-
tive indicators of aircraft noise are not associated with 
health and well-being, while the perceptions of aircraft 
noise are [30].

To our knowledge, no previous study had examined 
the relation between neighborhood characteristics and 
control beliefs. However, our findings are in line with 
previous research highlighting the importance of contex-
tual characteristics for psychosocial functioning and spe-
cifically perceptions of control. For example, previous 
work highlighted how perceptions of control are shaped 
by one’s immediate context (i.e., romantic relations [34]) 
and the socio-historical context (i.e., cohort differences 
[5]). Our findings extend this knowledge by showing that 
considering neighborhood contextual characteristics 
may also help us better understand the nature of control 
beliefs. This is consistent with earlier research on neigh-
borhood and health that has found that (socioeconomic) 
deprivation is indeed associated with poor individual 
health (e.g., [35]). Our findings suggest that these asso-
ciations generalize to key characteristics of psychosocial 
functioning. Interestingly, we did not find strong associa-
tions between green space and control beliefs, despite 
previous studies reporting significant associations with 
health and brain structure using the same data [1, 23]. 
One possibility is that control beliefs and health are sim-
ply distinct concepts, so findings do not necessarily con-
tradict each other.

We found generally stronger associations between 
neighborhood characteristics and external control indi-
cating that the neighborhood does not necessarily pro-
vide resources which might decrease or increase internal 
control beliefs, but rather affects how people use their in-
dividual resources and thus exert external control. This is 
in line with previous research [5] indicating that external 
control beliefs are beliefs about personal constraints with 
certain outcomes being beyond one’s personal control 
because external conditions (e.g., politics and neighbor-
hood) determine relevant aspects of one’s life.

Study Limitations
In closing, we acknowledge several limitations of our 

report. While the sample offers rich information on the in-
dividual participants in the study, the sample size is rather 
small, precluding us from drawing reliable comparisons 
between younger and older individuals. In our sensitivity 
analysis, our sample was even smaller due to missingness 

on control variables. In order to ensure that all models were 
based on the same data, we re-ran all models using the 
smaller samples. Results remained stable indicating that 
differences where not driven by differences in sample size.

Second, the BASE-II sample is positively selected. Se-
lectivity analyses indicate that BASE-II participants were 
on average better educated, healthier, and reported high-
er well-being. We would thus expect that the neighbor-
hood effects in the whole population are even more pro-
nounced because the literature typically reports larger ef-
fects for individuals from disadvantaged backgrounds 
[36]. Similarly, data were not representative for the whole 
of Germany, but only drawn from the Berlin metropoli-
tan area. Berlin is not a mega-city (population of 
3,556,792), but geographically large (approximately 
344.35 sqmi) and therefore diverse in terms of neighbor-
hood composition. Future studies should aim to replicate 
our findings using data from other geographical contexts. 
In particular, a comparison of rural versus urban areas 
would be highly interesting for future research. It is not 
only likely that some characteristics of the neighborhood 
environment are more salient in rural than in urban areas 
(such as distances to healthcare providers) and vice versa, 
but also the shape and size of a person’s perceived neigh-
borhood will likely differ.

While we were able to examine a wide range of neigh-
borhood characteristics, these characteristics were unfor-
tunately not measured at the same spatial resolution. In-
stead, some characteristics (e.g., the crime rate) were 
measured at the district-level (12 units) and therefore 
show little variation, while others were measured at the 
level of urban planning regions (447 units), air traffic 
grids (2,500 units), or even the residential addresses. In-
dividuals’ perceptions of their local neighborhood might 
differ from these administrative units, and as such it is 
possible that the neighborhood affects control beliefs at a 
different spatial scale or level of aggregation than those 
used in this study, which might also explain differences in 
the estimated effects of subjective and objective neighbor-
hood characteristics [30]. We also did not consider spatial 
dependencies between neighborhoods (e.g., unemploy-
ment in areas around the participants neighborhood). 
Future studies should therefore further examine spatial 
spillover effects and issues such as modifiable areal units 
and uncertain geographic context problem [37].

We cannot draw conclusions about causality using 
cross-sectional data. Individuals who perceive little con-
trol or who feel controlled by external forces might select 
themselves into poorer neighborhoods. We tried to ad-
dress these concerns by using objective neighborhood in-
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formation and at the same performing sensitivity analysis 
controlling for moves. However, only natural experi-
ments would allow to further move towards establishing 
causality. If such data would become available, questions 
of causality should be addressed.

Implications
The present study examined associations between per-

ceptions of control and a wide range of objective neigh-
borhood characteristics using data from the Berlin Aging 
Study II. Results indicate that higher unemployment was 
associated with more external control beliefs in chance, 
while larger wasteland areas were associated with lower 
beliefs in chance. Including neighborhood characteristics 
in part doubled the amount of explained variance com-
pared with models that covaried for demographic char-
acteristics only. We conclude that over and above cogni-
tive, physical health, and psychosocial factors neighbor-
hood access to resources are crucial for control beliefs. 
Our findings can inform interventions to build up neigh-
borhood social capital which might be especially neces-
sary in residential areas with high unemployment.
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