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The Limits of the Neighborhood Effect: Contextual
Uncertainties in Geographic, Environmental Health,

and Social Science Research
Mei-Po Kwan

Department of Geography and Geographic Information Science, University of Illinois at Urbana–Champaign

This article draws on recent studies to argue that researchers need to be attentive to the limits of the neighbor-
hood effect as conventionally understood. It highlights the complexities of contextual influences and the chal-
lenges in accurately representing and measuring individual exposures to those influences. Specifically, it
discusses the idiosyncratic and multidimensional nature of contextual effects, the temporal complexities of con-
textual influences, the frame dependence of exposure measures, selective mobility bias, and publication bias in
neighborhood effects research. It also discusses how contextual uncertainties could be mitigated in future
research (e.g., through collecting and using high-resolution space–time data and moving toward frame-inde-
pendent exposure measures with results that are not affected by how data are organized with respect to space
and time). Key Words: neighborhood effect, publication bias, selective mobility bias, uncertain geographic context
problem, UGCoP.

本文运用晚近的研究,主张研究者必须关照传统上所理解的邻里效应之侷限。本文强调情境影响的复杂性,
以及精确再现并评估个人暴露于这些影响的挑战。本文特别讨论邻里效应研究中,情境效应的独特与多面

向本质、情境影响的时间复杂性、暴露评估的架构依赖、选择性的移动偏差以及发表偏差。本文同时探

讨未来的研究如何能够降低情境的不确定性 (例如通过搜集并使用高辨识率的时空数据,以及迈向独立于

架构的暴露评估, 而其研究结果不受到数据在时空方面如何组织所影响)。 关键词： 邻里效应, 发表偏差,
选择性移动偏差,不确定的地理情境问题UGCoP。

Con base en estudio recientes, este art�ıculo sostiene que los investigadores necesitan prestar atenci�on a los
l�ımites del efecto de vecindad, como es convencionalmente entendido. Se destacan las complejidades de las
influencias contextuales y los retos de representar con exactitud y medir las exposiciones individuales a tales
influencias. Espec�ıficamente, se discute la naturaleza idiosincr�atica y multidimensional de los efectos contex-
tuales, las complejidades temporales de las influencias contextuales, el marco de dependencia de las medidas de
exposici�on, el sesgo de movilidad selectiva y el prejuicio de publicaci�on en la investigaci�on sobre el efecto de
vecindad. Se discuten tambi�en las maneras como las incertidumbres contextuales podr�ıan mitigarse en futuras
investigaciones (e.g., recolectando y usando datos de espacio–tiempo de alta resoluci�on, y desplaz�andose hacia
medidas de exposici�on de marco independiente con resultados que no sean afectados por el modo como se
organizan los datos respecto del espacio y el tiempo). Palabras clave: efecto vecinal, prejuicio de publicaci�on, sesgo
de movilidad selectiva, problema de contexto geogr�afico incierto, UGCoP.

T
he neighborhood effect is an important notion
in geographic, environmental health, and social
science research. It has been the conceptual

foundation for assessing the effects of environmental
influences on people’s behaviors or outcomes (Diez
Roux 2001; van Ham et al. 2012). Neighborhood
effects research to date, however, has largely used the
residential neighborhood as the contextual area to
examine people’s environmental exposures. Due to
readily available data tied to administrative units, the
residential neighborhood is often conceived and oper-
ationalized as static administrative areas such as the

home census tract, census block group, or postcode
area. Assessing people’s environmental exposures
based on this conventional notion of the neighbor-
hood effect has many limitations. It assumes that the
residential neighborhood is the most relevant area
affecting people’s behaviors or outcomes (Kwan 2009).
It assumes that people’s environmental exposures and
the neighborhood effect operate only through interac-
tions among those who live in the same residential
area. It ignores the critical role of time and human
mobility in people’s exposures to environmental
influences.
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Recent publications have advanced our understand-
ing of the limitations of the conventional notion of
the neighborhood effect. One is that most people
move around to undertake their daily activities and
rarely stay in only one place (e.g., home) throughout
the day. They often traverse the boundaries of several
neighborhoods in the course of a day and thus come
under the influence of many different neighborhood
contexts outside of their home neighborhoods. Thus,
notions of the neighborhood effect and exposure meas-
ures that ignore people’s exposures to these nonresi-
dential contexts could lead to unreliable or erroneous
results (Inagami, Cohen, and Finch 2007). Another
important idea from these works is that there are con-
siderable uncertainties in the contextual areas (in
both space and time) used in neighborhood effects
research and that these contextual areas might not
accurately capture the true and causally relevant con-
textual influences being studied (e.g., Howell et al.
2017; Maguire et al. 2017). These contextual uncer-
tainties arise from various sources, one of which is the
discrepancy between the true spatiotemporal configu-
rations of environmental influences and the configura-
tions used in past neighborhood effects studies (Kwan
2012, 2013; James et al. 2014; Chen and Kwan 2015).

Further, environmental influences often vary over
space and time in highly complex ways (e.g., traffic-
related air pollution). Because individual exposures to
environmental influences are determined by the inter-
actions between environmental influences and indi-
vidual mobility, such exposures could face different
types of contextual uncertainties. For example, indi-
vidual exposure to air pollution is determined by phys-
ical contact between pollutants and humans, and both
vary or move over space and time (Yoo et al. 2015;
Park and Kwan 2017a; Yu et al. 2018). The influence
of the food environment on people’s diet and health is
influenced by people’s daily mobility and perceptions
of different types of food outlets, as well as the opening
hours of such outlets, which often are not taken into
account (Widener and Shannon 2014; Chen and
Kwan 2015; Wei et al. 2018). Psychosocial and neigh-
borhood influences on drug use behavior are mediated
by highly localized attitudes, cultures, and peer inter-
actions, which are difficult to accurately represent
(Mennis and Mason 2011; Epstein et al. 2014). Fur-
ther, people are simultaneously exposed to multiple
beneficial and harmful environmental factors that
affect their health, not only during their daily lives but
also throughout their life courses (Myers, Denstel, and
Broyles 2016; Helbich 2018). Due to contextual

uncertainties like these encountered in neighborhood
effects research, findings about the effects of social and
physical environments on human behaviors or out-
comes are often inconsistent in past studies.

This article draws on recent studies to argue that we
need to be attentive to the limits of the neighborhood
effect as conventionally understood. It highlights the
complexities of contextual influences and the challenges
in accurately representing and measuring individual
exposures to those influences. It argues that we need to
move beyond the conventional notion of the neighbor-
hood effect, which relies on using certain fixed locations
(e.g., home, workplace), to assess people’s environmental
exposures. The very notion of the neighborhood in past
neighborhood effects research is highly limiting because
people move around in their daily lives and are exposed
to many different spatiotemporal contexts instead of to a
particular neighborhood. The neighborhood effect
assessed by using the residential neighborhood, if it
exists, is a special case of a much broader and general pro-
cess of contextual influences that needs to be examined
via a comprehensive and dynamic conceptualization of
context and environmental exposures. This article argues
that we need to adopt a dynamic and multicontextual
conceptualization of environmental exposures that
encompasses all of the relevant contexts to which indi-
viduals are exposed. It also discusses how contextual
uncertainties might be addressed in future research (e.g.,
through collecting and using high-resolution space–time
data and moving toward frame-independent exposure
measures with results that are not affected by how data
are organized with respect to space and time).

Contextual Effects Are Idiosyncratic

An important assumption of the conventional notion
of the neighborhood effect is that people respond con-
sistently to particular environmental influences. A fun-
damental characteristic of people’s responses to
environmental influences (and thus contextual effects),
however, is that these responses are highly personal and
idiosyncratic. Certain individuals might not respond to
specific environmental factors as commonly assumed,
and there are individual factors that significantly medi-
ate such responses but cannot be easily captured or mea-
sured using conventional notions of neighborhoods. As
Mennis and Mason (2011) argued, any given place
“could be experienced and interpreted completely dif-
ferently by different individuals depending on their
background and past experiences” and “the influence of
place on an individual’s behavior operates through the
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individual’s emotional interpretation of that place”
(273). This means that how a person perceives, under-
stands, and reacts to specific environmental factors
could be peculiar and person specific. Because the same
environmental factors might lead to different behaviors
or outcomes due to person specific attributes, this is a
major source of contextual uncertainty in the neighbor-
hood effects literature.

Insights from recent research on drug user behavior
and female sex workers lend strong support to this possi-
bility. For instance, drug use behavior is influenced by a
variety of physical and social features that might
enhance or mitigate the likelihood of drug use, such as
violent crime, vacant houses, vandalism, and liquor
stores. In a study on the effect of real-time environmen-
tal exposure on drug users’ behavior, though, Epstein
et al. (2014) obtained counterintuitive results: Exposure
to greater physical disorder, social disorder, and drug
activity at the neighborhood level was associated with
lower levels of drug craving, psychosocial stress, and neg-
ative mood. This result is counterintuitive because the
common understanding is that exposure to higher levels
of psychosocial stress (e.g., higher crime rate) was associ-
ated with higher levels of drug craving, not lower levels.
Some highly idiosyncratic processes might be at work
here, but researchers still have a very limited under-
standing of these processes, especially about how indi-
viduals perceive or interpret a particular neighborhood
environment and why they respond to it in specific ways.

One way to improve our understanding of why dif-
ferent persons perceive or respond to the same neigh-
borhood environment differently is to go beyond using
objectively measured characteristics of neighborhoods
to include qualitative information about people’s per-
ceptions and interpretations of their environments
(e.g., Shmool et al. forthcoming). For instance, Con-
ners et al. (2016) explored the risk environment of
female sex workers in two M�exico–U.S. border cities
(Tijuana and Ciudad Ju�arez) using a mixed-method
approach. Using participatory mapping, in-depth
interviews, and activity diaries, the study found that
female sex workers perceived the presence of police in
an area to be a highly stressful and unsafe situation
(although others might perceive the same environ-
ment as safe and feel less stress). Note that although
sex work is not deemed an illegal practice in M�exico,
those engaged in the trade are subjected to police
harassment and exploitation on a regular basis. Such
widespread policing has created a hostile, unsafe, and
criminalizing environment for female sex workers in
the study areas (Conners et al. 2016).

For vulnerable social groups, as these two studies sug-
gested, the effects of environmental influences on indi-
vidual behaviors or outcomes might be the opposite
when compared to those for other social groups (e.g.,
for these latter groups, exposure to higher levels of psy-
chosocial stress is associated with higher levels of drug
craving, not lower). We need to expand our methods—
for example, using qualitative and mixed methods and
people-based measures of exposure—to obtain a more
nuanced and comprehensive understanding of how
people perceive and respond to different contextual
factors differently. In addition, it is important to take
into account the multiple contexts to which people are
exposed in their everyday life (Mennis and Mason
2011;Wiehe et al. 2013; Park and Kwan 2017b).

Further, neighborhood influences are multidimen-
sional and can be contradictory, where some neighbor-
hood features might have positive effects on the
individual outcome being studied, whereas other fea-
tures within the same neighborhood might have nega-
tive effects. For instance, as Myers, Denstel, and Broyles
(2016) observed, neighborhoods “are not completely
healthy or unhealthy, but rather can be characterized
by neighborhood features that are both health-promot-
ing and health-constraining . . . where no singular
aspect of a neighborhood completely explains health in
individuals” (21). Even the same environmental factor
can have both positive and negative impacts on indi-
viduals’ health and well-being, as observed in Finlay’s
(2018) study on the impacts of white spaces (environ-
mental snow and ice) on the perceived well-being of
older adults. The study concluded that “white spaces
both promoted and diminished the physical, mental,
and social well-being” of older adults and their effects
may be “contradictory” given their simultaneous heal-
ing and harmful effects on health (Finlay 2018, 77). It is
thus important to take into account the complex and
idiosyncratic person–place interactions and interac-
tions between different environmental factors when
examining the association between contextual influen-
ces and individual behaviors or outcomes.

The Temporality of Environmental
Context and Exposure

Another important source of contextual uncertain-
ties is the temporality of environmental influences and
exposures. Because environmental influences vary over
space and time and people also move over space and
time and interact with environmental influences in
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highly complex ways, time plays a critical role
in people’s exposures to environmental influences
(Widener, Metcalf, and Bar-Yam 2011; Wiehe et al.
2013; Widener and Shannon 2014; Yoo et al. 2015;
Park and Kwan 2017a; Yu et al. 2018). The temporality
of environmental exposure could manifest in different
ways: (1) momentary response: exposure might only
have an effect at the moment of (or shortly after) the
exposure; (2) recency and time-lagged response: a con-
textual effect could occur a certain period of time after
exposure; (3) the number of episodes (or the frequency)
of exposure: the outcome is affected by how frequently a
person is exposed to the environmental influence; (4)
duration: the outcome is influenced by the duration of
each episode of exposure; and (5) cumulative exposure:
the outcome is affected by the total duration of exposure
over a certain period of time or a person’s life course.

Several recent studies have shed light on the impor-
tance of the temporality of context and environmental
exposure in influencing individual behaviors or out-
comes. For instance, Schwanen andWang (2014) exam-
ined the effects of geographic context on momentary
well-being through linking particular sections of partic-
ipants’ space–time paths (e.g., activity episodes) to char-
acteristics of the sites where they were rather than to
characteristics of the areas where they live. The study
found that positive relations between social contacts
and subjective well-being stretched across multiple time-
scales and depended to some extent on the duration of
an activity episode and with whom the activity episode
was undertaken. In another study, White et al. (2017)
explored relationships between exposure to natural envi-
ronments and subjective well-being through examining
three types of exposure: (1) exposure in the residential
neighborhood: the amount of green spaces such as parks
or woodlands and blue spaces such as rivers and coast in
the area around one’s home; (2) visit frequency: the
average frequency with which one spent one’s leisure
time in green and blue spaces away from home (e.g.,
every day, several times a week) in the last twelve
months; and (3) specific visit: a single specific exposure
of limited duration (e.g., a park walk). The study found
that people who regularly visited nature felt that their
lives were more worthwhile and that those who visited
nature yesterday (a specific visit) were happier. Further,
cumulative exposure had a noticeable effect: As the fre-
quency of visits increased, the likelihood of perceiving
one’s life as being worthwhile also increased.

In addition to subjective well-being, the temporal-
ity of environmental exposure is important in shaping
the neighborhood effect for other behaviors or

outcomes. For example, Cerin et al. (2017) observed
that the associations between different environmental
factors (e.g., land use mix) and people’s moderate-to-
vigorous physical activity (MVPA) tended to vary by
time of the day and day of the week. For instance, the
positive associations between MVPA and land use
mix, net residential density, intersection density, and
the number of parks were stronger in the mornings of
weekdays and the afternoon and evening periods of
both weekdays and weekend days. In another study
that used eighty simulated individual daily movement
trajectories, Park and Kwan (2017a) compared the air
pollution exposure estimates generated by four combi-
nations of spatial and temporal attributes: (1) resi-
dence-based hourly air pollution levels, (2) residence-
based daily air pollution levels, (3) movement-based
hourly air pollution levels, and (4) movement-based
daily air pollution levels. The results indicated that
these four exposure estimates are significantly differ-
ent, suggesting that researchers might over- or under-
estimate individual exposures if the spatiotemporal
variability of air pollution levels and human mobility
are not taken into account. The study argued that
ignoring time and human mobility could lead to erro-
neous results in research on air pollution exposures.

As past studies like these have repeatedly shown,
the temporality of the environmental context and
exposure is important for assessing their effects on
individual behaviors or outcomes accurately. Further,
a particular behavior or outcome could be affected by
two or more contextual temporalities—for example,
both momentary exposure and the frequency of expo-
sure were found to be important in the study by White
et al. (2017), and both time of the day and day of the
week were observed to be significant by Cerin et al.
(2017)—and it is difficult to fully and accurately cap-
ture all pertinent contextual temporalities in neigh-
borhood effects research. For instance, drug use at
time tmight not be influenced as much by an individu-
al’s momentary context as by the contextual environ-
ment the person experienced several (and unknown)
hours before t. Thus, the temporality of environmental
influences and exposures is another important source
of contextual uncertainty.

The Frame Dependence of All
Environmental Exposure Measures

No matter how environmental exposure is mea-
sured, such measurement has to rely on a particular
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spatial and temporal frame that organizes the data with
respect to certain spatial and temporal units of analy-
sis. The common spatial units of analysis in geo-
graphic, environmental health, and social science
research are the census tract, census block group, and
postcode area, whereas the common temporal units of
analysis are the day, month, and year. Because the val-
ues of the contextual variables derived using different
spatial and temporal units might be different, research
results might differ when different units of analysis
were used. Known as the frame dependence of geo-
graphic measures (Tobler 1989), this phenomenon is
another important source of contextual uncertainties
in neighborhood effects research.

The most well-known manifestation of the frame
dependence of geographic measures is the modifiable
areal unit problem (MAUP), which refers to the prob-
lem that, in the analysis of the relationships between
area- or zone-based variables, research findings could be
influenced by the geographic scale or the zoning
scheme of the areal units for which data are organized
(Openshaw 1984; Fotheringham and Wong 1991).
These two components of the MAUP are referred to as
the scale effect and the zoning effect, which might
influence the results of neighborhood effects studies
that examine the relationships between area-based
contextual variables and area-based outcome variables
(e.g., cancer or crime rates of census tracts). To address
the MAUP, the most common methods involve identi-
fying and adopting the best areal division, zoning
scheme, or scale at which the processes being studied
operate. For instance, Riva et al. (2009) addressed the
MAUP through designing and using homogeneous
zones in their study on the influence of the built and
socioeconomic environments on walking. Mu and
Wang (2008) lent support to this approach. They found
that the homogeneous zones they created using scale-
space clustering are effective for mitigating the MAUP
and reducing model errors caused by spatial autocorre-
lation when using ordinary least squares regression.

Another manifestation of the frame dependence of
environmental exposure measures is the uncertain
geographic context problem (UGCoP), which is the
problem that findings about the effects of area-based
attributes (e.g., land-use mix) on individual behaviors
or outcomes (e.g., physical activity) could be affected
by how contextual units are geographically delineated
(Kwan 2012). The UGCoP is a fundamental methodo-
logical problem because it means that analytical results
can be different for different delineations of contextual
units even if everything else is the same. The UGCoP,

however, is often confused with the MAUP. Although
they sound similar, the UGCoP is actually a different
kind of problem because it is not due to the use of dif-
ferent zonal schemes or spatial scales. Instead, it is due
to the use of arbitrary areal units (e.g., the residential
census tract or postcode area) for deriving contextual
variables because of the lack of knowledge about the
precise spatial and temporal configurations of the envi-
ronmental factors that influence individual behavior
or outcome. Unlike addressing the MAUP—where
the primary task is to use the best zoning scheme, areal
division, neighborhood size, or geographic scale—
addressing the UGCoP requires more accurate repre-
sentation and delineation of the true causally relevant
geographic context.

The third major manifestation of the frame depen-
dence of environmental exposure measures is the mod-
ifiable temporal unit problem (MTUP), recently
articulated by Cheng and Adepeju (2014). The
MTUP refers to the problem that findings about the
effects of contextual variables on individual behaviors
or outcomes could be affected by how data are orga-
nized with respect to the temporal dimension. The
temporal unit can be modified in three ways: (1) aggre-
gation, where observations based on a fine temporal
interval (e.g., second) are aggregated into a coarse
interval (e.g., day or month); (2) segmentation, where
the continuous temporal dimension is discretized into
specific temporal units (e.g., weeks); and (3) boundary
delimitation, where observations within a particular
time period bounded by lower and upper time limits
are selected for a study. Cheng and Adepeju (2014)
found that there is a tendency to detect different crime
clusters as the aggregation, segmentation, and tempo-
ral boundary of a space–time data set are altered. Fur-
ther, they observed that temporal aggregation affects
the temporal duration, size, and significance of the
clusters. They stressed that researchers should be cau-
tious when using a particular temporal scale, segmen-
tation, and temporal boundary.

Selective Mobility Bias and Publication
Bias in Neighborhood Effects Research

In addition to the frame dependence of environ-
mental exposure measures, biases in statistical analysis
and reporting augment the uncertainties that obfus-
cate the neighborhood effect. First, selective mobility
bias could distort the results of neighborhood effects
research and render them unreliable. As people move
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to live in new locations in the process of residential
mobility, they tend to sort themselves out geographi-
cally into different types of neighborhoods with an
affinity for their socioeconomic attributes. For exam-
ple, “unemployed people are more likely to move into
deprived neighborhoods than employed people”
(Hedman and van Ham 2012, 80). The observation of
a positive effect of living in a deprived neighborhood
on unemployment could thus be the result of uncon-
trolled selective residential mobility bias, where the
outcome being studied (being unemployed) is not
independent of but instead contributes to the indepen-
dent variables (e.g., low neighborhood socioeconomic
status). Similar bias, referred to as selective daily
mobility bias, can also occur when the effects of access
to environmental features (e.g., green spaces) on peo-
ple’s health behavior (e.g., physical activity) are evalu-
ated based on the locations people visit in their daily
life. The bias stems from the fact that people’s access
to environmental features is measured by their mobil-
ity behavior, and the observation of a positive health
effect of particular environmental features could sim-
ply reflect people’s choices to visit them more fre-
quently in their daily life rather than better access to
these features (Chaix et al. 2012).

Publication bias is another factor that contributes to
considerable uncertainties in neighborhood effects
research. It refers to “a phenomenon in scientific
reporting whereby authors are more likely to submit
and journal editors are more likely to publish studies
with ‘positive’ results (i.e., results showing a significant
finding) than studies with ‘negative’ (i.e., supporting
the null hypothesis) or unsupportive results”
(Rodrigues 2013). Publication bias has been observed
widely in social science and biomedical research
(Kicinski 2013). For instance, an examination of 221
sociological studies conducted between 2002 and 2012
observed that only 20 percent of all of the null studies
had appeared in a journal, whereas about 60 percent of
studies with positive results had been published
(Peplow 2014). Dickersin et al. (1987) also found that
statistically significant results are three times more
likely to be published than papers with null results.

Nieuwenhuis (2016) examined whether a publica-
tion bias exists in neighborhood effects research
through evaluating eighty-eight studies on the rela-
tionship between neighborhood characteristics and
educational outcomes (e.g., graduation rate and col-
lege attendance). The study found a substantially
larger amount of studies just above the 5 percent sig-
nificance level than those below it. Around the

arbitrary boundary for statistical significance (p <

0.05),1 there is an unusually large number of studies
that are just significant when compared to the num-
ber of studies that are just insignificant, indicating
that there is publication bias in the neighborhood
effects literature (Nieuwenhuis 2016). This, in turn,
means that the existence of the neighborhood effect
might not be as robust or compelling as past studies
suggest. Withholding null results has skewed this lit-
erature and could significantly distort the findings of
meta-analyses that seek to increase statistical power
through integrating the results of many past neighbor-
hood effects studies.

Addressing Contextual Uncertainties
in Future Research

This article highlights the limits of the neighbor-
hood effect as conventionally understood. It suggests
that we need to move beyond notions of contextual
influences that rely on using specific fixed locations
(e.g., home, workplace) to assess people’s environ-
mental exposures. It argues that the neighborhood
effect assessed by using the residential neighborhood,
if it exists, is a special case of a much broader and
general process of contextual influences, which needs
to be examined via a dynamic and multicontextual
conceptualization of environmental exposures that
encompasses all the relevant contexts to which indi-
viduals are exposed (Park and Kwan 2017b). Because
the spatiotemporal dynamics of environmental influ-
ences and human mobility tend to be more important
for certain types of exposure (e.g., exposure to air pol-
lution), a helpful first step in future research is to dif-
ferentiate whether the contextual effects being
examined are special cases; that is, whether the resi-
dential neighborhood is the primary source of contex-
tual influences and whether ignoring human mobility
and the spatiotemporal complexities of contextual
influences will seriously compromise the reliability of
research results.

To mitigate the contextual uncertainties that influ-
ence the accurate assessment of people’s environmen-
tal exposures and their health effects, new types of
data, exposure measures, and analytical methods are
needed in future research. First, location-aware geo-
spatial technologies, ecological momentary assess-
ment, and portable sensors can be used to collect
high-resolution space–time data, such as those col-
lected with Global Positioning System (GPS), mobile
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phones, accelerometers, and environmental sensors
(e.g., Sagl, Resch, and Blaschke 2015; Lee and Kwan
2018; Wang, Kwan, and Chai 2018). These data can
help accurately identify people’s space–time trajecto-
ries, the frequency and duration of exposures, as well
as their momentary responses to environmental influ-
ences, which in turn enable more accurate analysis of
how contextual influences affect individual behaviors
(e.g., Yang et al. 2017; Wei et al. 2018; Yu et al.
2018). When this kind of data cannot be collected or
is not available, researchers should try to use small
area data that are not tied to arbitrary spatial and tem-
poral units like census tracts (e.g., public-use fine-scale
raster layers of demographic and neighborhood charac-
teristics generated from original data points and pro-
vided by census bureaus). Using these data can help
mitigate the MAUP, the UGCoP, and the MTUP.

Second, exposure measures can be improved along
several directions. One fruitful direction is to more
accurately delineate the true spatiotemporal context
of individuals through constructs like individual activ-
ity spaces (e.g., Cerin et al. 2017; Howell et al. 2017).
Note that although some of the nuances and dynamics
related to environmental exposures can be taken into
account through appropriate modeling approaches
(albeit constrained by considerations of parsimony and
model specification), researchers normally have little
or no prior knowledge about the precise spatiotempo-
ral configuration of the true and causally relevant geo-
graphic context, the accurate delineation of which is
one of the most important tasks in future research. Fur-
ther, using specific exposure measures to capture vari-
ous temporalities of contextual influences (e.g., White
et al. 2017) and enhancing exposure measures with
qualitative information about people’s perceptions and
interpretations of their environments seem helpful for
mitigating the UGCoP and selective daily mobility
bias (e.g., Chaix et al. 2012; Conners et al. 2016;
Shmool et al. forthcoming).

Further, it is important to develop frame-indepen-
dent exposure measures that will produce results unaf-
fected by how data are organized with respect to space
and time. Past research on individual accessibility
indicates that space–time accessibility measures are
frame-independent: Analytical results obtained with
these measures were not affected by either the zoning
scheme or spatial scale (Weber and Kwan 2003; Kwan
and Weber 2008). These measures capture each per-
son’s use of and movement across space and time based
on detailed data of the person’s daily activities and
trips (Kwan 1998, 1999). Drawing on concepts with

affinity to space–time accessibility measures, recent
studies on environmental exposures have begun to use
delineations like individual activity space to assess
people’s environmental exposures (e.g., Wang, Kwan,
and Chai 2018; Zhao, Kwan, and Zhou 2018). Their
results suggest that activity space, when appropriately
delineated, can be used to derive frame-independent
exposure measures.

Third, researchers need to use analytical methods
and modeling approaches that can take into account
various contextual uncertainties. For instance, adopting
longitudinal and life-course approaches that take peo-
ple’s residential histories and experiences over time
into account is helpful for addressing selective residen-
tial mobility bias and the cumulative exposure to envi-
ronmental circumstances over life (e.g., Pearce this
issue). Suitable dynamic models such as lagged and
time series models with time-dependent or time-varying
effects can be used to examine the cumulative, recency,
and time-lagged response of contextual exposures.
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larger than 0.05 is taken to mean that the effect is not
statistically significant (Mark, Lee, and Harrell 2016).

1488 Kwan



ORCID

Mei-Po Kwan http://orcid.org/0000-0001-8602-9258

References

Cerin, E., J.Mit�a�s, K. L. Cain, T. L. Conway,M.A.Adams, G.
Schofield, O. L. Sarmiento, et al. 2017. Do associations
between objectively-assessed physical activity and neigh-
bourhood environment attributes vary by time of the day
and day of the week? IPEN adult study. International Jour-
nal of Behavioral Nutrition and Physical Activity 14:34.

Chaix, B., Y. Kestens, C. Perchoux, N. Karusisi, J. Merlo, and
K. Labadi. 2012. An interactive mapping tool to assess
individual mobility patterns in neighborhood studies.
American Journal of Preventive Medicine 43 (4):440–50.

Chen, X., and M.-P. Kwan. 2015. Contextual uncertainties,
human mobility, and perceived food environment: The
uncertain geographic context problem in food access
research. American Journal of Public Health 105
(9):1734–37.

Cheng, T., and M. Adepeju. 2014. Modifiable temporal unit
problem (MTUP) and its effect on space-time cluster
detection. PLoS ONE 9 (6):e100465.

Conners, E. E., B. S. West, A. M. Roth, K. G. Meckel-
Parker, M.-P. Kwan, C. Magis-Rodriguez, H.
Staines-Orozco, J. D. Clapp, and K. C. Brouwer.
2016. Quantitative, qualitative and geospatial meth-
ods to characterize HIV risk environments. PLoS
ONE 11 (5):e0155693.

Dickersin, K., S. Chan, T. C. Chalmers, H. S. Sacks, and H.
Smith, Jr. 1987. Publication bias and clinical trials.
Controlled Clinical Trials 8 (4):343–53.

Diez Roux, A. V. 2001. Investigating neighborhood and
area effects on health. American Journal of Public Health
91 (11):1783–89.

Epstein, D. H., M. Tyburski, I. M. Craig, K. A. Phillips, M.
L. Jobes, M. Vahabzadeh, M. Mezghanni, J. Lin, C. D.
M. Furr-Holden, and K. L. Preston. 2014. Real-time
tracking of neighborhood surroundings and mood in
urban drug misusers: Application of a new method to
study behavior in its geographical context. Drug and
Alcohol Dependence 134:22–29.

Finlay, J. M. 2018. “Walk like a penguin”: Older Min-
nesotans’ experiences of (non)therapeutic white space.
Social Science & Medicine 198:77–84.

Fotheringham, A. S., and D. W. S. Wong. 1991. The
modifiable areal unit problem in multivariate statis-
tical analysis. Environment and Planning A 23
(7):1025–44.

Hedman, L., and M. van Ham. 2012. Understanding neigh-
bourhood effects: Selection bias and residential mobil-
ity. In Neighbourhood effects research: New perspectives,
ed. M. van Ham, D. Manley, N. Bailey, L. Simpson,
and D. Maclennan, 79–99. Dordrecht, The
Netherlands: Springer.

Helbich, M. 2018. Toward dynamic urban environmental
exposure assessments in mental health research. Envi-
ronmental Research 161:129–35.

Howell, N. A., S. Farber, M. J. Widener, and G. L. Booth.
2017. Residential or activity space walkability: What

drives transportation physical activity? Journal of Trans-
port & Health 7B:160–71.

Inagami, S., D. A. Cohen, and B. K. Finch. 2007. Non-resi-
dential neighborhood exposures suppress neighborhood
effects on self-rated health. Social Science & Medicine
65:1779–91.

James, P., D. Berrigan, J. E. Hart, A. Hipp, C. M. Hoehner,
J. Kerr, J. M. Major, M. Oka, and F. Laden. 2014.
Effects of buffer size and shape on associations between
the built environment and energy balance. Health &
Place 27:162–70.

Kicinski, M. 2013. Publication bias in recent meta-analyses.
PLoS ONE 8:e81823.

Kwan, M.-P. 1998. Space–time and integral measures of
individual accessibility: A comparative analysis using a
point-based framework. Geographical Analysis 30
(3):191–216.

———. 1999. Gender and individual access to urban
opportunities: A study using space–time measures. The
Professional Geographer 51 (2):210–27.

———. 2009. From place-based to people-based exposure
measures. Social Science and Medicine 69 (9):1311–13.

———. 2012. The uncertain geographic context problem.
Annals of the Association of American Geographers 102
(5):958–68.

———. 2013. Beyond space (as we knew it): Toward tem-
porally integrated geographies of segregation, health,
and accessibility. Annals of the Association of American
Geographers 103 (5):1078–86.

Kwan, M.-P., and J. Weber. 2008. Scale and accessibility:
Implications for the analysis of land use-travel interac-
tion. Applied Geography 28:110–23.

Lee, K., and M.-P. Kwan. 2018. Physical activity classifica-
tion in free-living conditions using smartphone acceler-
ometer data and exploration of predicted results.
Computers, Environment and Urban Systems 67:124–31.

Maguire, E. R., T. Burgoine, T. L. Penney, N. G. Forouhi, and
P. Monsivais. 2017. Does exposure to the food environ-
ment differ by socioeconomic position? Comparing area-
based and person-centred metrics in the Fenland Study,
UK. International Journal of Health Geographics 16:33.

Mark, D. B., K. L. Lee, and F. E. Harrell. 2016. Understand-
ing the role of p values and hypothesis tests in clinical
research. JAMA Cardiology 1 (9):1048–54.

Mennis, J., and M. J. Mason. 2011. People, places, and ado-
lescent substance use: Integrating activity space and
social network data for analyzing health behavior.
Annals of the Association of American Geographers 101
(2):272–91.

Mu, L., and F. Wang. 2008. A scale-space clustering
method: Mitigating the effect of scale in the analysis of
zone-based data. Annals of the Association of American
Geographers 98 (1):85–101.

Myers, C. A., K. D. Denstel, and S. T. Broyles. 2016. The
context of context: Examining the associations
between healthy and unhealthy measures of neighbor-
hood food, physical activity, and social environments.
Preventive Medicine 93:21–26.

Nieuwenhuis, J. 2016. Publication bias in the neighbour-
hood effects literature. Geoforum 70:89–92.

Openshaw, S. 1984. The modifiable areal unit problem.
Norwich, UK: Geo Books.

1489The Limits of the Neighborhood Effect



Park, Y. M., and M.-P. Kwan. 2017a. Individual exposure
estimates may be erroneous when spatiotemporal vari-
ability of air pollution and human mobility are ignored.
Health & Place 43:85–94.

———. 2017b. Multi-contextual segregation and environ-
mental justice research: Toward fine-scale spatiotempo-
ral approaches. International Journal of Environmental
Research and Public Health 14:1205.

Peplow, M. 2014. Social sciences suffer from severe publica-
tion bias. Nature August 28. doi:10.1038/
nature.2014.15787

Riva, M., L. Gauvin, P. Apparicio, and J. M. Brodeur.
2009. Disentangling the relative influence of built
and socioeconomic environments on walking: The
contribution of areas homogenous along exposures
of interest. Social Science & Medicine 69 (9):1296–
1305.

Rodrigues, V. 2013. Publication and reporting biases and
how they impact publication of research. Editage
Insights October 23. Accessed April 12, 2018. https://
www.editage.com/insights/publication-and-reporting-
biases-and-how-they-impact-publication-of-research

Sagl, G., B. Resch, and T. Blaschke. 2015. Contextual sens-
ing: Integrating contextual information with human
and technical geo-sensor information for smart cities.
Sensors 15 (7):17013–35.

Schwanen, T., and D. Wang. 2014. Well-being, context,
and everyday activities in space and time. Annals of the
Association of American Geographers 104 (4):833–51.

Shmool, J. L. C., I. L. Johnson, Z. M. Dodson, R. Keene, R.
Gradeck, S. R. Beach, and J. E. Clougherty. Forthcom-
ing. Developing a GIS-based online survey instrument
to elicit perceived neighborhood geographies to address
the uncertain geographic context problem. The Profes-
sional Geographer.

Tobler, W. R. 1989. Frame independent spatial analysis. In
The accuracy of spatial databases, ed. M. Goodchild and
S. Gopa, 115–22. London and New York: Taylor &
Francis.

van Ham, M., D. Manley, N. Bailey, L. Simpson, and D.
Maclennan, eds. 2012. Neighbourhood effects research:
New perspectives. Dordrecht, The Netherlands: Springer.

Wang, J., M.-P. Kwan, and Y. Chai. 2018. An innovative
context-based crystal-growth activity space method for
environmental exposure assessment: A study using GIS
and GPS trajectory data collected in Chicago. Interna-
tional Journal of Environmental Research and Public Health
15 (4):703. doi:10.3390/ijerph15040703.

Weber, J., and M.-P. Kwan. 2003. Evaluating the effects of
geographic contexts on individual accessibility: A mul-
tilevel approach. Urban Geography 24 (8):647–71.

Wei, Q., J. She, S. Zhang, and J. Ma. 2018. Using individual
GPS trajectories to explore foodscape exposure: A case
study in Beijing metropolitan area. International Journal
of Environmental Research and Public Health 15:405.

White, M. P., S. Pahl, B. W. Wheeler, M. H. Depledge, and
L. E. Fleming. 2017. Natural environments and subjective
wellbeing: Different types of exposure are associated with
different aspects of wellbeing. Health & Place 45:77–84.

Widener, M. J., S. S. Metcalf, and Y. Bar-Yam. 2011.
Dynamic urban food environments: A temporal analy-
sis of access to healthy foods. American Journal of Pre-
ventive Medicine 41 (4):439–41.

Widener, M. J., and J. Shannon. 2014. When are food
deserts? Integrating time into research on food accessi-
bility. Health & Place 30:1–3.

Wiehe, S. E., M.-P. Kwan, J. Wilson, and J. D. Fortenberry.
2013. Adolescent health-risk behavior and community
disorder. PLoS ONE 8 (11):e77667.

Yang, L., M.-P. Kwan, X. Pan, B. Wan, and S. Zhou. 2017.
Scalable space-time trajectory cube for path-finding: A
study using big taxi trajectory data. Transportation
Research Part B 101:1–27.

Yoo, E., C. Rudra, M. Glasgow, and L. Mu. 2015. Geospatial
estimation of individual exposure to air pollutants:
Moving from static monitoring to activity-based
dynamic exposure assessment. Annals of the Association
of American Geographers 105 (5):915–26.

Yu, H., A. Russell, J. Mulholland, and Z. Huang. 2018.
Using cell phone location to assess misclassification
errors in air pollution exposure estimation. Environmen-
tal Pollution 233:261–66.

Zhao, P., M. P. Kwan, and S. Zhou. 2018. The uncertain
geographic context problem in the analysis of the rela-
tionships between obesity and the built environment in
Guangzhou. International Journal of Environmental
Research and Public Health 15:308.

MEI-PO KWAN is a Professor in the Department of
Geography and Geographic Information Science at the
University of Illinois at Urbana–Champaign, Urbana, IL
61801. E-mail: mpk654@gmail.com. Her research interests
include environmental health, human mobility, sustainable
transport and cities, GIScience, and GIS methods in
geographic research.

1490 Kwan

https://www.editage.com/insights/publication-and-reporting-biases-and-how-they-impact-publication-of-research
https://www.editage.com/insights/publication-and-reporting-biases-and-how-they-impact-publication-of-research
https://www.editage.com/insights/publication-and-reporting-biases-and-how-they-impact-publication-of-research

