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ABSTRACT

FULTON, J. E., S. A. CARLSON, B. E. AINSWORTH, D. BERRIGAN, C. CARLSON, J. M. DORN, G. W. HEATH, H. W. KOHL, III,
I.-M. LEE, S. M. LEE, L. C. MASSE, J. R. MORROW, JR, K. P. GABRIEL, J. M. PIVARNIK, N. P. PRONK, A. B. RODGERS, B. E.
SAELENS, J. F. SALLIS, R. P. TROIANO, C. TUDOR-LOCKE, and A. WENDEL. Strategic Priorities for Physical Activity Surveil-
lance in the United States. Med. Sci. Sports Exerc., Vol. 48, No. 10, pp. 2057-2069, 2016. Purpose: Develop strategic priorities to guide
future physical activity surveillance in the United States. Methods: The Centers for Disease Control and Prevention and the American
College of Sports Medicine convened a scientific roundtable of physical activity and measurement experts. Participants summarized the
current state of aerobic physical activity surveillance for adults, focusing on practice and research needs in three areas: 1) behavior, 2) human
movement, and 3) community supports. Needs and challenges for each area were identified. At the conclusion of the meeting, experts
identified one overarching strategy and five strategic priorities to guide future surveillance. Results: The identified overarching
strategy was to develop a national plan for physical activity surveillance similar to the U.S. National Physical Activity Plan for
promotion. The purpose of the plan would be to enhance coordination and collaboration within and between sectors, such as trans-
portation and public health, and to address specific strategic priorities identified at the roundtable. These strategic priorities were used
1) to identify and prioritize physical activity constructs; 2) to assess the psychometric properties of instruments for physical activity
surveillance; 3) to provide training and technical assistance for those collecting, analyzing, or interpreting surveillance data; 4) to
explore accessing data from alternative sources; and 5) to improve communication, translation, and dissemination about estimates of
physical activity from surveillance systems. Conclusion: This roundtable provided strategic priorities for physical activity surveil-
lance in the United States. A first step is to develop a national plan for physical activity surveillance that would provide an operating
framework from which to execute these priorities. Key Words: POPULATION HEALTH, MONITORING, EPIDEMIOLOGY,
RECOMMENDATIONS, EXERCISE
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(in 2012 U.S. dollars) is spent annually on direct health care
costs associated with inadequate physical activity (13).

Public health surveillance is a cornerstone of public health
practice used to systematically monitor population-level
trends in health and behaviors and guide intervention prior-
ities (56). Existing surveillance systems for physical activity
most often assess the aerobic physical activity behaviors of
individuals and have been used to monitor secular changes in
population levels of physical activity over time (14,35). Sur-
veillance can also be used to monitor factors that can influence
changes in physical activity levels. For example, systems can
be used to monitor supports for physical activity within the
community and within various settings, such as workplaces.

Efforts to improve public health surveillance for physical
activity can incorporate the same principles that are used
to improve other public health surveillance efforts. Public
health surveillance systems should have a clear purpose
and are evaluated on their usefulness (contribution to pre-
vention and control of disease) and their attributes. These
attributes include simplicity, flexibility, data quality, accept-
ability, sensitivity, representativeness, timeliness, and stability
(Table 1) (25).

In August 2014, the Centers for Disease Control and Pre-
vention (CDC) and the American College of Sports Medicine

(ACSM) convened a 2-d roundtable in Atlanta, Georgia, to
consider the future of and identify strategic priorities for
aerobic physical activity surveillance in U.S. adults. The
roundtable focused on research and practice needs in three
content areas: 1) behavior, 2) human movement, and 3) com-
munity supports.

METHODS

Twenty nationally recognized physical activity and mea-
surement experts gathered to review and summarize the
current state of physical activity surveillance. Overall, the
scope of the roundtable included the surveillance of adult
aerobic physical activity and community supports for phys-
ical activity. Physical activity is defined as any voluntary
movement produced by skeletal muscles that results in en-
ergy expenditure (15). Physical activity results in human
movement where human movement is defined as a change in
spatial orientation of the body or a part of the body. Physical
activity behavior encompasses human movement, yet it also
includes a range of other factors such as the purpose, con-
text, and perceived intensity of the activity (41). Although
these are important topics because of the time and resources
available for this meeting, we limited the scope to aerobic

TABLE 1. Key attributes to consider when developing or evaluating public health surveillance systems.”

Attribute Definition Key Question(s) to Address Physical Activity Example
Simplicity Refers to both its structure and ease of Are procedures, training, data Training interviewers or those conducting
operation. Surveillance systems should collection, computer requirements, environmental audits does not take
be as simple as possible while still meeting etc., simple to use? excessive time.
their objectives. Physical activity questions are not overly
burdensome for the interviewer or the participant.
Flexibility Can adapt to changing information needs or Does the system have the Able to adapt to changes in guideline definitions.
operating conditions with little additional ability to adapt to changing needs For example, two definitions of “sufficiently active’
cost in time, personnel, or allocated funds. and conditions? (e.g., Healthy People 2010 and the 2008 Physical
Can accommodate, for example, changes Activity Guidelines) can be assessed in the
in definitions and variations in reporting sources. surveillance system.
Data quality Completeness and validity of the data recorded What percentage report “don’t know” Respondents are able to accurately answer

in the public health surveillance system.
Acceptability Reflects the willingness of individuals
and organizations to participate in the
surveillance system

Sensitivity The system should be able to accurately
classify participants according to the
health outcome of interest and should
also be able to detect change in the prevalence
of the health outcome over time (i.e., trends).
Representativeness Accurately describes the occurrence of a
health-related event over time and its distribution

in the population by place and person.

Timeliness Reflects the speed or delay between steps,
such as data collection and reporting, in a
surveillance system. Timeliness is evaluated
in terms of availability of relevant
information—either for immediate efforts or for
long-term program planning.

Reliability (i.e., the ability to collect, manage,
and provide data properly without failure) and
availability (the ability to be operational when
it is needed) of the public health surveillance system

Stability

to items on the surveillance form?

Will dropout be a factor?
Does the system, because of its characteristics,
discourage participation?

Does the instrument accurately classify
participants into meeting guidelines
or having a community support?

Are those who participate (or who
are included for environmental systems)
different from those who are not?

Is time from data collection to

dissemination reasonable?

Are the tools used for data collection
stable over time?

a question about their physical activity behavior
or community supports.
Participants are willing to complete a questionnaire
or wear a monitor for the specified specific period.
Employers are willing to complete
a tool to assess physical activity
supports at their workplace.
Questionnaires have been shown to be valid
for assessing community supports for
physical activity (11).

The proportion of adults meeting guidelines
should be similar among those who complete
the physical activity interview and among
those who do not complete the interview
or who are unable to be contacted.

In the BRFSS, time from data collection
to having data available for analysis
is about 6 months.

The availability of wearable devices
that consistently assess human
movement over time.

“Attributes and definitions adapted from Centers for Disease Control and Prevention (25).
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TABLE 2. Terms and definitions used to guide the CDC/ACSM roundtable on physical
activity surveillance.

Term Definition in the Context of Physical Activity

Built environment The human-made physical space where people live, work,
and recreate on a day-to-day basis (2)

A skill, attribute, ability, or behavior that may or may not
be directly observable (36)

Method to assess physical activity movement from a
wearable device designed to capture human
movement (59)

The amount or degree of something; a measure can be
directly ascertained by using an instrument or device

Any voluntary movement produced by skeletal muscles
that results in energy expenditure (15)

Ongoing systematic collection, analysis, and interpretation
of outcome-specific data for use in the planning,
implementation, and evaluation of public health
practice (56)

Reported or self-report Method to assess physical activity behavior in which

respondents (or qualified proxies) answer questions
about their participation in physical activity (53)

Construct

Device based

Measure
Physical activity

Public health
surveillance

activity in adults and community supports because of the
current focus of CDC’s Division of Nutrition, Physical Ac-
tivity, and Obesity in this area and their need to address the
challenges in these content areas.

During the roundtable, participants made presentations
that described the current state of surveillance in the three
content areas and identified key challenges and needs. Par-
ticipants then participated in a systematic process designed to
develop consensus on strategic priorities and actions re-
searchers and practitioners can take to enhance the utility of
physical activity surveillance. The process began with a group
discussion and brainstorm of actions needed to address the key
challenges identified during the presentations and group dis-
cussion sessions. Experts then individually rated the initial list
of potential actions, and those with the lowest scores were
removed from the list. The potential actions that remained
were grouped into similar categories and formed the basis for
the five strategic priorities. The group voted and agreed by
consensus on the five identified priorities and that the highest
ranking actions would be provided as example potential ac-
tions to fill these priorities.

To assist in the writing of this manuscript, roundtable
participants drafted abstracts to summarize their assigned area,
suggested key references, and provided extensive comments on
the manuscript. Definitions used to enhance clarity of roundta-
ble discussions are provided in Table 2. Experts did not address
the surveillance of policies relevant to physical activity, the
surveillance of muscle-strengthening physical activity, or the
surveillance needs for children and adolescents.

SURVEILLANCE OF PHYSICAL ACTIVITY:
CURRENT STATUS, CHALLENGES, AND NEEDS

The following section summarizes the current status of
physical activity surveillance related to our three content
areas: 1) behavior, 2) human movement, and 3) community
supports. It is also discusses the challenge and needs within

each content area, which will provide a justification for the
strategic priorities identified.

Physical Activity Behavior for Adults

Current U.S. government surveillance systems use ques-
tionnaires or activity diaries to assess respondents’ aerobic
physical activity behaviors. Physical activity behavior is often
characterized in four domains: leisure time, active transporta-
tion, household, and occupational physical activity.

What measures are currently collected for each
domain? Leisure time. Because of extensive evidence of
its association with health (43) and potential to be amenable
to intervention, leisure-time (discretionary) aerobic physical
activity is the domain most frequently measured within public
health surveillance systems and is usually defined as physical
activity purposefully performed during nonworking hours.
Currently, the National Health and Nutrition Examination
Survey (NHANES) and the National Health Interview Survey
(NHIS) questionnaires assess the frequency (in a typical week
for NHANES and respondent defined for NHIS) and dura-
tion (minutes per episode) of all vigorous- and moderate-
intensity leisure-time physical activities (20,21). The current
Behavioral Risk Factor Surveillance System questionnaire
asks adults to report the frequency (times per week or per
month) and duration (minutes per episode) of the top two
physical activities (identified in an open-ended question)
in which they participate during nonworking hours (17)
(Table 3). Respondents are often classified into levels based
on current guidelines (e.g., active, insufficiently active, and
inactive) using responses to these survey questions (14).

Active transportation. Active transportation usually
involves walking or bicycling to get from place to place (46)
and is important to monitor because it contributes to total
physical activity (8). Multiple national surveillance systems
assess certain components of active transportation in the
United States (19). Walking and bicycling for transportation
are measured as part of the 1-d activity diaries of the Na-
tional Household Travel Survey (NHTS) (71) and the
American Time Use Survey (ATUS) (64) (Table 3). In addi-
tion, the American Community Survey and the NHTS identify
the usual mode of travel to work, including walking and bi-
cycling, in the past week (19). These data may be most useful
in providing physical activity estimates for groups (e.g., bicy-
cle commuters) but may be less useful for estimating usual
daily physical activity for an individual because they are based
on a single 24-h diary per participant and may overlook ha-
bitual behavior if is not performed on the queried day. Health-
oriented surveys ask about the frequency of participating in
active transportation (walking and bicycling combined) (e.g.,
NHANES) or walking only (e.g., NHIS) over the past week or
month (19). This broader approach to time catchment is more
likely to capture habitual patterns of active transportation.

Household. Household physical activity occurs as part
of maintaining a home and can include activities such as
cleaning, child care, gardening, home repair, or shopping

PRIORITIES FOR PHYSICAL ACTIVITY SURVEILLANCE
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Physical Activity

TABLE 3. Current U.S. government surveillance systems that collect physical activity behavior among U.S. adults.

Measure

Usual mode of transportation to work last week

Survey Years
Minutes of specific activity for 24 h

Domains

Collection Method (\mode)

Survey questions (on-line/mail/in person)

One day activity diary (telephone)

Survey (website)

, including
mode of travel and purpose; mode of transportation
to work used for most of the distance in the past week
Minutes of walking and bicycling for transportation in

activity in respondent selected recall period

activity in typical week
Minutes of vigorous- and moderate-intensity work

activity in typical week
Minutes of transportation walking in past 7 d

past month
Participants logged all trips on 1 d

typical week
Minutes of vigorous- and moderate-intensity leisure-time

Minutes of top two physical activities in past week or
Minutes of vigorous- and light- to moderate-intensity
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One day travel diary survey question (telephone)

Survey questions (Telephone)
Survey questions (in person)
Survey questions (in person)
Survey questions (in person)

American Community Survey (http://www.census.gov/acs/)
Behavioral Risk Factor Surveillance System (http://www.cdc.gov/brfss/)
NHIS: Sample Adult Survey (http://www.cdc.gov/nchs/nhis.htm)

ATUS (http://www.bls.gov/tus/)
NHIS: Cancer Supplement (http://www.cdc.gov/nchs/nhis.htm)

NHANES (http://www.cdc.gov/nchs/nhanes.htm)

NHTS (http://nhts.ornl.gov/)

“Inactivity surveyed every year, all physical activity surveyed in odd years.

(1). The surveillance of household activities has been ob-
tained largely from time use surveys (Table 3). The ATUS
has been used to examine household activities, such as light-
intensity cleaning, food preparation, and caring for household
members (62).

Occupational physical activity. Data sources that
currently monitor occupational physical activity include the
ATUS and NHANES (Table 3) (21,64). The NHANES de-
fines work broadly “as the things that you have to do such as
paid or unpaid work, studying or training, household chores,
and yard work™ (21). Other surveys, such as NHIS, collect
information about job classification and industry categories
for employed persons that can be used to create estimates for
occupational physical activity (61), although the estimation
process used with this type of classification differs from those
used when information about physical activity is queried di-
rectly. For example, when a respondent reports working in an
occupation classified as a health care practitioner, they are
assigned as participating in light-intensity activity for the
hours they report working without any information on the
specific activities or intensity-level (61).

Challenges and needs. Researchers and practitioners
face several challenges working with physical activity behavior
data captured by questionnaire. One challenge is interpreting
differences in the reported physical activity estimates across
surveillance systems. Systems can differ in what is captured by
their aerobic physical activity questions, such as the domains
assessed, survey cues, the duration of recalled period, how ac-
tivities are assessed (summative [i.e., use of broad-intensity
categories for recall] or separate activity-specific questions),
and intensity definition (12). Current systems also differ in
other characteristics that can influence estimates, such as
mode of survey administration (e.g., in person, by telephone)
(29,53). A thorough understanding of the details of the physi-
cal activity items is an important need for the data analyst and
data users, as the inferences that one makes based on these data
will likely vary based on the assessment strategy or method.

A second challenge is that unlike other measures of health
(e.g., blood pressure), the essential measures necessary to
capture physical activity behavior have not yet been clearly
identified. For example, measures focused on the leisure-
time domain are important to assess given that much of the
existing evidence related to the health benefits of physical
activity is specific to reported leisure-time physical activity
(43). However, current aerobic physical activity guidelines
(66) are expressed in terms of minutes per week, regardless
of domain, and assessing a single domain may be insuffi-
cient to capture all opportunities for meeting guidelines. The
selection of which measure of physical activity to assess can
also depend on what other data are collected as part of the
survey or the surveillance system. For example, active trans-
portation may be an essential domain to monitor as part of a
transportation survey because it may be the domain most
closely correlated with other variables on the survey, such as car
ownership and distance to the workplace. Additional guidance
on the selection of physical activity measures for surveillance
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purposes is needed for different sectors (73) and for key
stakeholders such as local officials or decision makers.

A final challenge is that the psychometric properties of
physical activity surveillance questions are infrequently ex-
amined. For example, what is the reliability and validity of
questionnaires in measuring whether a person meets current
aerobic guidelines? Concerns about overly high estimates of
physical activity resulting from the potential measurement
error (53) are issues that need to be addressed. Understanding
the psychometric properties of physical activity items from
a questionnaire is important when selecting questions for
surveillance purposes, and it is also important because it
facilitates the interpretation and translation of any estimates
derived from the data.

Human Movement

Measuring human movement is an integral component of
a comprehensive effort to assess physical activity (41). Ac-
celerometers and pedometers have been used to characterize
human movement in research and consumer applications.
Waist-worn accelerometers and pedometers are both sensi-
tive to ambulatory movements and can be used as step
counting devices to provide simple estimates of steps per day.
Accelerometers also offer the potential for time-stamped out-
puts congruent with surveillance needs for capturing time
spent at various intensities of physical activity.

What methods are currently used to collect data?
Accelerometers have been used in the NHANES to measure
human movement. In the NHANES 2003-2004 and 2005—
2006 cycles, all ambulatory survey participants age 6 yr or
older were asked to wear the ActiGraph 7164 device on a
waist belt during waking hours for 7 d and to remove the
device only for water-based activities (21). The NHANES
2011-2012 and 2013-2014 cycles asked all survey partici-
pants age 6 yr and older (age 3—5 yr were added in 2012) to
wear the water-resistant ActiGraph GT3X+ on a wrist band
around the clock for 7 d and eight nights (21).

Most commonly, accelerometer output has been trans-
lated into categories of activity intensity based on pre-
dicted energy expenditure, which is then used to create
national estimates of physical activity prevalence (57,74).
Accelerometers can also provide step counts, and these have
been used to provide steps per day estimates at the national
level (6).

Challenges and needs. Device-based assessment methods
can measure human movement, an important component
of physical activity behavior, and remove the measurement
error associated with reported behavior. However, their in-
corporation into a surveillance framework presents several
challenges. The current cost and complexity of accelerometer-
based devices and the rapidly evolving technology make it
difficult to consistently measure and track trends. Pedometers
have few of the cost and complexity limitations associated
with accelerometers, but they have similar challenges related
to step recording as well as proprietary instrument designs

and algorithms that affect sensitivity across devices (63). As
these challenges begin to be addressed, the integration of a
device-based measure on a continual basis may be worth con-
sidering. New technologies, methodologies, and mobile appli-
cations designed to measure physical activity continue to
be developed. In the future, devices that can be incorporated
into surveillance systems may have, for example, sophisti-
cated algorithms that can allow for the measurement
of overall physical activity. The role of wearable devices
and their feasibility as surveillance tools will need to be
regularly evaluated.

An important challenge to consider when using the output
from wearable devices is the lack of a standard metric for
accelerometer output to define participation in moderate-
and vigorous-intensity activity. For example, on the basis of
common proprietary accelerometer activity count-based cut
points, the proportion of adults meeting current guidelines
for aerobic physical activity ranged from 6% to 98% (74).
For surveillance purposes, a consistent metric is needed for a
range of activities, and that metric needs to be relevant for
different demographic subgroups.

The desire for a consensus intensity-based metric is predi-
cated on the need to assess compliance with current physical
activity guidelines (66). However, current guidelines were
established on an evidence base of physical activity behavior,
not human movement (43). At this time, guidelines have not
been established based on the relationship between device
outputs and health benefits. Findings from cross-sectional
studies using device-based assessments show an association
between human movement and some chronic disease risk
factors (4,75). Research linking device-based measurement of
physical activity and mortality has begun to appear (31).
Additional findings from longitudinal studies could lead to
guidelines for device-based indicators of movement.

Contemporary accelerometer-based devices support the
collection of high-resolution raw acceleration signals in
standard gravitational or acceleration units, removing the
need to rely on proprietary units, such as counts. Computa-
tional approaches are being developed for these data to
classify raw units into physical activity type and intensity.
These methods, as well as other device-based metrics, such
as daily activity volume (5), that are able to assess human
movement as part of physical activity behaviors (e.g., playing
tennis) may provide feasible surveillance approaches to con-
sider with accelerometry.

Community Supports

Communities can facilitate physical activity for all ages
and abilities through built environment supports (16), such
as places to be active (e.g., sidewalks, trails, parks, and fit-
ness facilities), attractive scenery, convenient destinations
for walking (e.g., shops and restaurants), and safety features
(e.g., crosswalks and lighting). Indicators of supports for
physical activity measure a variety of attributes in a specified
geographical area or within a certain setting (e.g., workplace).

PRIORITIES FOR PHYSICAL ACTIVITY SURVEILLANCE
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Periodically collecting data on essential aspects of community
supports for physical activity would be valuable for public
health planning, as would be linking individual measures of
physical activity behavior/movement to community supports
and to health and economic outcomes.

Some indicators of community supports for physical activity
(e.g., presence of places to be active and perceptions about
neighborhood safety) have been assessed on topic-specific
surveys or survey supplements (37,54) and some indicators
(e.g., residential and employment density, land use diversity,
access to destinations, and distance to transit) are compiled
in current databases at the Census Block Group level
(68,72). However, no national surveillance system rou-
tinely and comprehensively monitors community supports
for physical activity.

The surveillance of supports for physical activity may be
especially important in settings where adults spend large
proportions of their time, such as workplaces. Approxi-
mately 150 million U.S. adults participate in the labor force
(69), and workplaces can encourage physical activity through
multilevel approaches (10). Although some data are available
related to occupational physical activity, no national surveil-
lance system routinely and comprehensively monitors work-
place supports for physical activity.

The surveillance of indicators of the community supports
for physical activity can be conducted in several ways. For
example, individuals can be asked about their perceptions of
their neighborhood environment for physical activity (e.g.,
availability of sidewalks or parks) or key informants (e.g.,
employers) can be interviewed about physical activity sup-
ports in specific settings (e.g., workplaces). In addition,
surveillance can be conducted through environmental audits
or by using geographically coded data.

What Methods Are Available to Assess Community
Supports for Physical Activity?

Surveys of the built environment. Several surveys
are used to assess perceived neighborhood built environment
features (11). The Neighborhood Environment Walkability
Scale (NEWS) has been used frequently, and an abbreviated
version (NEWS-A) exists, although its usefulness for sur-
veillance is limited because it is still considered to be too
long (22,50). The Physical Activity Neighborhood Envi-
ronment Survey is considerably shorter, and separate single
item indicators that assess the same construct have been
shown to be equivalent to multi-item scales from the NEWS-
A (51,52). Survey questions related to the built environment
also exist on supplements conducted by the U.S. government,
such as the 2012 National Survey of Bicyclist and Pedestrian
Attitudes and Behavior (54) and the 2015 NHIS Cancer
Control Supplement (37).

Surveys of workplace supports. Workplace supports
for physical activity can be assessed from two points of
view—the employee and the employer. Multiple instruments
are available that focus on workplace environments and

policies, and these instruments frequently include items re-
lated to physical activity supports (e.g., access to physical
activity facilities or program supports and point-of-decision
prompts) (28). Nationally representative data have been col-
lected from employers as part of the National Worksite
Health Promotion Survey (32) and the Workplace Wellness
Programs Study (34). However, these surveys have not been
conducted on a routine basis. The National Workplace Health
Promotion Survey (32) is to be administered again in 2016
and could potentially be used for surveillance purposes.

Environmental audits. Environmental audits provide
detailed examinations of physical activity environments at
the individual or neighborhood level (38). Like surveys,
audits can assess a variety of built environment features.
Audit instruments are normally used for research purposes,
and their feasibility as part of a public health surveillance
system is being explored. For example, in 2014, a multi-
modal collaboration led by the Federal Highway Adminis-
tration, the Federal Transit Administration, the National
Highway Traffic Administration, the Federal Railroad Ad-
ministration, and the Federal Motor Carrier Association was
initiated to conduct at least one walk/bike road safety as-
sessment in every state (70) to examine the challenges and
barriers of implementing walk/bike road safety assessments
across different communities.

Geographically coded (or “geocoded”) data. To
connect physical activity behavior to measures of the respon-
dent’s built environment, location data from diverse sources
(e.g., health studies and surveillance systems) need to be
geographically coded (or “geocoded”). Currently, national
surveys, such as NHANES, NHIS, and the NHTS, collect
residential address data, and these data have been geocoded
for analyses. Privacy concerns dictate that these data be used
only in restricted data centers, and not be made publicly avail-
able. Extending such address data collection to include other
locations where people spend their time, such as workplace
addresses for employed respondents, could help strengthen
efforts to link physical activity behavior with community supports.

Many types of data are collected regularly and evaluated
on a geographic level. For example, environmental features
of a walkable community, such as residential and employ-
ment density, land use diversity, access to destinations, and
distance to transit, are available at the Census Block Group
level in a database available from the U.S. Environmental
Protection Agency (72). In some cases, data at a geograph-
ically finer level of detail are available, such as data about
pedestrian fatalities (39).

Challenges and Needs

All of the methods described to assess community sup-
ports have challenges related to assessing the psychometric
properties of the measure collected. For surveys, evaluating
the validity for measures of the perceived built environment
is challenging because some forms of validity testing require
a criterion or gold standard against which to compare a
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perceived measure. However, for some constructs, such as
safety and esthetics, perceptions may be the key determinants
of behavior (11), and identifying a gold standard for a
perception can be especially challenging. For audits, ob-
servers or raters (for remote audits) must be trained, and
interobserver reliability must be monitored throughout the
data collection process (11). The psychometric properties of
features of the built environment collected with geographic
information systems (GIS) will depend on the accuracy and
completeness of existing data sources and the geographic
scale at which measures are available and aggregated (11).

Another challenge is lack of knowledge regarding the
most important features of the built environment to measure
and monitor, as well as the necessary frequency of mea-
surement. For example, is any one element of the pedestrian
infrastructure most critical or are several attributes needed to
improve walking or other physical activity? How sensitive is
physical activity to changes in these elements? Does this
sensitivity change over time between demographic groups or
based on other factors, such as the price of gasoline? Un-
derstanding these deeper relationships could help inform the
revision of surveys or audit tools and inform the develop-
ment of technological approaches that are brief and focused
on the most important environmental features on which to
conduct surveillance.

Beyond identifying what specific features of the built
environment can be measured and monitored separately for
a community, it is also desirable to have a single summative
measure, such as one measure to indicate the walkability of a
community. However, several challenges exist to create
these summative measures, such as the essential features to
be included, whether measures are available at similar geo-
graphical units for each feature, and how measures of sep-
arate features should be combined into a single summative
measure. In addition, clear communication is needed to de-
scribe the methodology used in their creation and how ac-
curately they capture the construct of interest.

Workplace supports for physical activity may be charac-
terized by many features, making assessment tools relatively
long (28,45). More evidence is needed to know which fea-
tures are most important to measure because this knowl-
edge will help to create assessment tools that are acceptable
within this setting while also considering the other key at-
tributes (Table 1). Adding survey questions to existing sys-
tems to assess workplace supports from the employee
perspective poses additional challenges because it requires
inclusion of additional dimensions about the workplace,
such as workplace culture, company size, and worker de-
mographics (28,45). To meet this challenge, brief modules
to assess topics related to workplace environments and pol-
icies are needed.

The length of most existing built environmental ques-
tionnaires often leads to their rejection for existing surveillance
systems, where survey time and space are limited. Although
questionnaires with seven or nine items exist (37,52), demand
exists for even shorter questionnaires to increase the

feasibility of routinely assessing key features of the environ-
ment as part of question-based surveillance systems where
space is limited. Balancing the need for short questions and
the ability to capture complex constructs with a small number
of questions is a challenge that needs to be addressed.

Conducting audits at even a modest scale (e.g., citywide)
may not be feasible because they require large time and re-
source commitments, including training required to standardize
data collection and subsequent quality control assurance.
Additional information and pilot testing are needed to evalu-
ate the feasibility of audits as practical and useful surveillance
tools. The use of remote online observations (e.g., street view
maps and crowdsourcing) can help reduce the time and cost
of conducting on-the-ground environmental audits of walk-
ability (27,48), but these approaches have not yet been
implemented for surveillance over time or on a wide spatial
scale. In addition, various sectors (e.g., public health and
transportation, land use, and community design sector)
collect data for a limited number of features and geograph-
ical areas, but improved and expanded cross-collaboration
at the local, state, and national level can optimize resources
to collect information about the built environment. For ex-
ample, developing shared data infrastructure for locally
collected data might help lead to larger data sets, opportu-
nities for analysis, and ultimately a kind of “crowd-sourced”
surveillance system.

Geocoded data have limitations. First, residential address
data are used to geocode data from health surveys but may
not adequately capture other places people spend their time,
such as the workplace, or places where most physical ac-
tivity takes place (7). The boundaries of the geographic ra-
dius that influence behavior of an individual or community
may also vary with the individual, age, time of day, or sea-
son (47), thereby challenging the utility of using simple
geographic analysis to assess environmental supports for
physical activity. Although protocols for collecting GIS data
have been developed (26), the data have a wide variety of
primary purposes, and therefore, boundaries, protocols, and
measures are not consistent across data sets (26). Understanding
and managing these differences is integral to correctly using
these types of data for physical activity surveillance.

To better characterize environmental influences on phys-
ical activity, continued data integration is needed, which maxi-
mizes the interplay between available technology and geospatial
data. Efforts to layer geospatial built environment data with
health information might also benefit by including geospatial
information about the location of physical activity. Again, as
wearable technologies evolve, this may become easier.

STRATEGIC PRIORITIES FOR THE
SURVEILLANCE OF PHYSICAL ACTIVITY

Roundtable participants found that the needs and challenges
across the topic areas of behavior, human movement, and
community supports were similar. As a result, they were able to
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identify one overarching strategy and five strategic priorities for
physical activity surveillance in adults and communities.

The overarching strategy was to develop a national plan
for physical activity surveillance, akin to the National Physical
Activity Plan (73) for promotion. Such a plan would enhance
coordination and collaboration within and among societal
sectors to address recommendations from the roundtable
experts. The development of such a plan would need re-
sources and a defined process to be fully executed.

Experts also identified five strategic priorities to guide the fu-
ture of physical activity surveillance (Table 4). They were as
follows: 1) to identify and prioritize physical activity constructs;
2) to assess the psychometric properties of instruments for
physical activity surveillance; 3) to provide training and techni-
cal assistance for those collecting, analyzing, or interpreting
surveillance data; 4) to explore accessing data from alternative
sources; and 5) to improve communication, translation, and
dissemination about estimates of physical activity from sur-
veillance systems (Table 4). These five priorities, along with
associated potential actions for researchers and practitioners,
provide a roadmap that can, in part, guide a national plan for
physical activity surveillance. Many individuals and groups
are already involved in addressing these strategic priorities,
but more engagement is needed to increase the reach,
breadth, and impact of these efforts.

Identify and Prioritize Physical Activity Constructs

Determining the most important constructs of physical
activity that need to be captured by surveillance is para-
mount. Prioritizing constructs will make it easier for deci-
sion makers to identify what surveillance measures should
be revised or eliminated and what measures should remain
the same, keeping in mind the key evaluation criteria (Table 1).
Interest in maintaining continuity over time should be con-
sidered to the extent warranted. In establishing the prior-
ities, it will be important to consider the strength of the
evidence of the constructs’ links to health in the case of
behavior and human movement and the links with facilitat-
ing physical activity in the case of community supports.
Another important consideration is how well the constructs
relate to initiatives to promote physical activity being im-
plemented by different sectors, such as by public health
departments, transportation planners, parks professionals,
and workplaces, and how often the constructs need to be
measured to capture change. Once the physical activity
constructs have been identified and prioritized, they can be
used to revise current surveillance systems and develop new
systems or instruments (e.g., questionnaires, audit tools, and
technological approaches) to reflect the priorities. These
constructs can also help inform the methods proposed to
monitor national health objectives related to community
supports for physical activity (65).

Decisions will also need to be made about whether mea-
sures of aerobic physical activity should (or can) be con-
sistent across surveillance systems. For example, should all
systems include the same physical activity questions and

same device-based measurement protocols, or should different
systems use different measures or methods to assess aerobic
physical activity? Coordinating which measures are assessed
across data systems can help to balance data needs with sur-
vey space. Standardization may not always be desirable, as
surveys have different goals and constituents. Identifying and
prioritizing constructs can also help in the development of
tools or repositories where local communities can pool data
that are consistently collected, and this may fill some local
needs for comparison data without being cost prohibitive.

Prioritizing physical activity surveillance constructs also
requires decisions about how device-based measures can be
incorporated into the surveillance architecture. Currently,
device-based measures included as part of surveillance sys-
tems are limited to the measurement of human movement;
however, there is much work being done to develop better
devices and algorithms that may be considered for future
application as measures of physical activity. It is important
to regularly evaluate the role of wearable devices and their
feasibility as surveillance tools. Additional work is also
needed to guide decisions on how to interpret the output
from these devices with thresholds and guidelines based on
associations with health outcomes. Opportunities to inte-
grate reported physical activity assessments and device-
based methods in unique but complementary roles should
also be explored (59).

It is important to evaluate current systems as well as
newly developed systems or instruments to be sure they
measure the essential constructs. Once the construct priori-
ties are set, characteristics of surveillance systems need to be
examined and evaluated across the key criteria (Table 1). As
modifications to constructs and systems are suggested or as
new systems are developed, their feasibility in different
settings and scenarios will need to be evaluated.

Stakeholders from all sectors of the National Physical
Activity Plan and from local, state, and national levels should
be included throughout the process of prioritizing essential
constructs for physical activity surveillance, and findings
should be clearly communicated. Physical activity practi-
tioners should be queried on the essential constructs that will
best inform local-level physical activity promotion. Infor-
mation about revised questions or newly developed instruments
should be included within toolkits that can be accessed
by data users. These toolkits would describe the instruments
in detail, the constructs they measure, how to interpret the
data, and their strengths and limitations.

Assess the Psychometric Properties of Instruments
for Physical Activity Surveillance

A careful review of all the psychometric properties of
instruments used to assess physical activity behavior, human
movement, and community supports should be conducted
before their use in surveillance systems to ensure their psy-
chometric qualities are adequate. For example, how accurate
is the instrument at measuring a given construct and does it
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TABLE 4. Strategic priorities and potential actions to guide physical activity surveillance for research and practice.

Priority

Potential Actions

Research

Practice

Identify and prioritize physical activity constructs

Assess the psychometric properties of
instruments for physical activity surveillance

Provide training and technical assistance for
those collecting, analyzing, or interpreting
surveillance data

Explore accessing data from alternative sources

Improve communication, translation, and
dissemination of information about estimates of
physical activity from surveillance systems

o Assess the state of surveillance by conducting
a review of the literature and resources for
physical activity surveillance conducted in
essential sectors.

o Prioritize constructs for sectors such
as transportation, workplaces, and parks

o Determine and prioritize which current
systems or questions should be revised
and which should remain the same

o Select new systems or instruments
(e.g., questionnaires, audit tools) to be
considered for development and validation

o Supplement existing surveillance systems
on a regular basis with content-specific
modules (e.g., community supports)

o Determine feasibility of instruments in different
settings and scenarios. Include issues related
to cost, response or return rates, technical
ability needed, and aggregation potential

o For current and proposed surveillance
questions assess the reliability and validity of
the construct (or questionnaire item) from which
the interpretation of the data is made

o Conduct measurement error modeling
studies to quantify the error associated
with questionnaire items

o Develop and test questionnaire modules
for workplaces and for community supports

o Develop cut points for device-based assessments
based on prospective associations with health outcomes

e Develop consistent definitions and data
analysis methods

o Provide technical assistance to aid in the
selection of data collection methods

o Educate data users about data collection,
analysis, and interpretation

o Explore opportunities for examining data
captured using alternative assessment methods

o Explore accessing repositories to examine
data from alternative device-based methods
and develop techniques to improve
representativeness

e Produce and disseminate materials for research
audiences that describe the strengths and
situational appropriateness of reported and
device-based methods

o Provide potential explanations for the differences
in prevalence estimates across measures.
Incorporate this information into widely accessed
materials, such as codebooks and manuals
for national data sets

o Conduct analyses and report results from new
analytic techniques to quantify physical activity
and movement

e Avoid using terms that could lead to
misinterpretation, for example, using ‘reported’
(rather than subjective) and “device-based’
(rather than objective) in publications

o Develop a plan to transition surveillance
systems from reported to device-based
assessments where feasible and when it more
accurately reflects the construct of interest

o Translate scientific findings into practical guidance
and recommendations for key audiences
(e.g., policy makers) across sectors, including
health care, transportation, city planning,
parks and recreation, and occupational health.

o Query practitioners on the essential
constructs that will inform local-level
physical activity promotion

o Communicate to local, state, and national
level practitioners the essential constructs
to assess within physical activity

o Use findings to develop tools for local-level
practitioners to assess prioritized constructs
if not available from other sources
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o Coordinate questionnaire development
and testing with local-level surveillance
and program efforts, especially
for community supports

o Assess surveillance needs at the local level

o Develop training models (e.g., train the trainer)
for physical activity surveillance

o Create translation and dissemination strategies
to share information with target audiences

o Develop partnerships between public
health and those who work with
device-based assessment technologies

o Develop partnerships with transportation
organizations that may also use information
about the built environment and how it can
support walking and bicycling

e Produce and disseminate materials for
practitioner audiences that describe
the strengths and situational appropriateness
of reported and device-based methods

e Engage communications experts to develop talking
points and frequently asked questions to explain
strengths of the methods and provide potential
explanations for the differences in physical activity
prevalence estimates

o Package key scientific pieces for practitioners
in user-friendly formats

o Develop consistent messages about the
amount of physical activity needed for
substantial health benefits

measure what it is supposed to measure? Does the validity
evidence support using the collected data to estimate popu-
lation prevalence of meeting aerobic guidelines, to monitor
change over time, and to assess associations with health? Has
the validity evidence been determined with a large and broad

enough sample to afford generalizability of the instrument’s
accuracy within the population? Knowing the reliability, va-
lidity, sensitivity, and type and degree of measurement error
associated with physical activity questions can provide in-
sights about under- or overestimation, misclassification, and
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bias. Similarly, as new questions or question modules are
developed or modified from existing versions, it will be es-
sential to build psychometric testing into the process.

One issue with instruments used to capture both physical
activity behavior and human movement is not simply that they
“lack validity evidence” but that the interpretation made from
the data is inconsistent with the data on the instrument’s va-
lidity. For example, if the goal is to report on the percentage of
the population who meet specific physical activity guidelines,
it is important that the tool measures the same components of
physical activity as those that form the basis of the guidelines.
It is not appropriate to estimate prevalence of meeting the
physical activity guidelines for Americans that were devel-
oped from studies of reported behaviors with measures of
movement determined by devices (58). Selecting an ap-
propriate surveillance instrument with the majority of the
evidence originating requires determining what aspects of
physical activity are measured, how the data will be used,
and what interpretations one intends to make from the data
collected with a given instrument (33,55,59). It will be
important to develop national physical activity guidelines
that are linked to device-based measures and then use these
guidelines as the basis for categorizing individuals using
these types of measures.

Continued work is needed on the psychometric properties
of questions aimed at community supports for physical activity.
Some information is available on the reliability and validity of
questionnaires used to measure perceived neighborhood built
environments (11,23,50). Many instruments that assess work-
place environments and policies have reported high reliability,
whereas less information is available on the validity of these
instruments (28). As modules are developed or as instruments
are modified to fit with existing surveillance tools, psycho-
metric properties must be continuously assessed and findings
included as part of the decision-making process.

Provide Training and Technical Assistance for
Those Collecting, Analyzing, or Interpreting
Surveillance Data

Providing training and technical assistance for physical ac-
tivity surveillance stakeholders enables standardized collection,
analysis, and interpretation of data. Stakeholders may need
help in learning how to analyze and interpret data, for ex-
ample, when a new accelerometer protocol is introduced or
when questions are changed in an existing surveillance sys-
tem. Successful public health training models, such as train-
the-trainer or peer-to-peer learning, are methods to consider.
Collaborative training models between state health de-
partments and academic partners might also be considered.
Training and technical assistance may especially need to be
targeted to local stakeholders, as improvements to the built
environment are usually made locally.

Providing information collected from a surveillance sys-
tem in standardized formats will help local stakeholders
understand and interpret the information so it is more rele-
vant to decision making at the local level. Geographic data

used to map environmental physical activity resources often
are not comparable across jurisdictions and, therefore, need
to be standardized. Standards are also needed for data col-
lection and data storage. For example, standard descriptors or
terminology are needed for aspects of the built environment, such
as parks, which may take many forms, and sidewalks, which may
vary greatly in quality. A useful tool could be a data repository,
where those already conducting environmental audits can store
and share standardized data.

Explore Accessing Data from Alternative Sources

New technologies and assessment methods may pro-
vide alternative sources that capture data from individuals
throughout their day, to link physical activity with specific
locations, and to collect information about the built envi-
ronment. Widely used commercial device-based assessment
methods (e.g., Fitbit®, Apple Watch) and mobile applica-
tions for smartphones have the ability to measure and track
physical activity and the locations where physical activity
occurs (40). Data from these assessment techniques can be
stored by the individual or by the mobile application pro-
vider. With a growing percentage of U.S. adults (64% in
2014) owning smartphones (42), this large-scale collection
and storage of physical activity information could conceiv-
ably lead to a greater understanding of the population’s
physical activity based on data collected through these de-
vices. The potential role of this type of data in systematic
surveillance efforts is not yet known. Roundtable experts
suggested exploring and evaluating the use of these methods
as part of physical activity surveillance. Public health sur-
veillance leaders may wish to explore partnerships with
those working in these industries to assist with defining how
data are captured, to promote efforts to improve the validity
of measures, to identify sampling strategies to improve rep-
resentativeness, to develop solutions to data access and pri-
vacy concerns, and, overall, to further explore the use of these
tools for surveillance.

New technologies and assessment methods could help
capture information about places where people engage in
physical activity. These technologies may supplant techniques
that formerly relied on human observers or self-report, al-
lowing more widespread adoption. For example, conducting
counts of pedestrians or bicyclists on a sidewalk or trail was
historically conducted by a person watching for pedestrians or
bicyclists to pass. Electronic methods, such as infrared coun-
ters, inductive loops, and video and software technologies
that count the number of people who use physical activity
facilities can obtain this same information and for longer pe-
riods (24,49). Methods that can supplement data from these
devices with information from mobile devices are also emerg-
ing. Consistent methods are needed to improve the compara-
bility of data collected by different cities and agencies (3).
Current limitations in data collection, compilation (including
addressing concerns about privacy), and analysis methods
must first be addressed, however, before these alternative
technologies can be used in national surveillance.
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Several data collection methods hold promise for assessing
the built environment. Approaches such as remote observation
(e.g., through online mapping resources) may provide similar
measures of the built environment as on-the-ground audits,
reducing the time and cost of data collection (30). Additional
innovations (e.g., machine learning or crowdsourcing) may
reduce the time needed to process and extract environmental
data from remote sources. Online tools for workplace assess-
ments can also present surveillance opportunities. For exam-
ple, the CDC Worksite Health ScoreCard assesses workplace
supports, such as having on-site exercise facilities and signage
to encourage physical activity, (18) and data could be com-
piled across the workplaces completing the ScoreCard.

Moving forward, it will be important to standardize these
types of innovative data collection methods for their use in
surveillance and subject them to similar evaluations as used
with other measures (Table 1).

Improve Communication, Translation, and
Dissemination about Estimates of Physical
Activity from Surveillance Systems

The importance of effective communication spans across
all the topics and priority areas discussed during the round-
table. An especially important and complex topic relates to
the comparison between measures of reported physical ac-
tivity behavior and device-based measures of movement.
Although these measures are both related to physical activity,
they measure different constructs. Not surprisingly, the propor-
tion of the adult population meeting aerobic physical activity
guidelines differs dramatically when comparing reported and
device-based measures (60). For example, using data from
NHANES 2005-2006, the estimates were 62.0% using
reported and 9.6% using accelerometer measures (60). Ini-
tial thoughts of the scientific community were that reports
represented a biased assessment, and that accelerometer
measures more accurately reflected “truth.” However, be-
cause reported and device-based measures are measuring
different constructs, they cannot be directly compared (58).
For example, activity estimates may differ between a report
of playing an hour of tennis (behavior) and the motion
detected during the stop and start movements of playing
tennis (movement). Clear communication for those less
familiar with this area is needed to note how both methods
provide useful information and to explain why and how
they are different.

Accurate terminology is also important for clear commu-
nication. When terminology does not accurately represent
a situation or construct, it may produce a bias in use or
interpretation. For example, it is common to refer to reported
or questionnaire-based assessments of physical activity as
“subjective” and to device-based assessments as “objective.”
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