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Summary

Objectives: This paper extends further the systematic nature of
social and behavioral risk factor surveillance by showing how it
becomes a learning system. The authors argue that such a sys-
tematic approach will lead to a better informed public health
practice and a better understanding of key public health
concerns such as obesity.

Methods: This paper is based on methods developed over some
25 years of experience in designing and operating behavioral
risk factor surveillance systems. Measurement issues still remain
a key concern and special attention is paid to the role of time
as a critical variable in developing a surveillance system.
Results: The paper lays out five critical areas for attention if a
system is to be considered a learning system. Examples are
given from ongoing surveillance systems that have developed
a base for a learning system and notes how these are institu-
tionalized.

Conclusions: In the ideal case a learning system based on socio-
behavioral surveillance is dependent on data being collected
continuously with careful attention paid to the analytical chal-
lenges of such complex data. This is an ideal systematic ap-
proach that has not been realized in most surveillance systems

now available.
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By the end of the 20" century a number of survey-based ap-
proaches to assessing behavioral risk factors existed across
the globe (McQueen & Puska 2003). However, if one
searches for comprehensive surveys on behavioral risk that
were carried out in a surveillance mode, the number declines
rapidly. In 1968 the World Health Organization (WHO) de-
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fined surveillance as the “systematic collection and use of
epidemiological information for the planning, implementa-
tion, and assessment of disease control” (Teutsch &
Churchill 2000: 72). Teutsch and Churchill consider the def-
initional area of surveillance and also take up the broader
term monitoring. They write, instructively, “...some prefer
to use the term monitoring to refer to the entire set of efforts
to gather information about a population or its environment
for health-related purposes and to restrict the use of the
term surveillance to rapidly identifying and monitoring indi-
viduals and problems that pose an immediate threat to the
health of the public.”

Controversy continues to surround the definition of these
terms and the discussion takes on slightly different over-
tones when one considers social and behavioral risk factor
surveillance. In this paper it is important at the outset to clar-
ify our perspective on surveillance for social and behavioral
risk factors. This requires the attention to the other word of
importance, namely “system”. For our purposes a system
can be defined simply as a group of independent but inter-
related elements comprising a unified whole. Finally, from
our perspective, time is of critical importance in surveil-
lance.

What is meant by “time” in the context of social and behav-
ioral risk factor surveillance? First, data should be collected
over time as close to continuously as possible (McQueen et
al. 1992). That is, in an ideal situation data would be col-
lected constantly on a 24 hour basis seven days a week. Such
a scenario would create a continuous stream of data. In a
“true” surveillance at no time would the data collection ma-
chine or instrument be shut off. In the reality of practice,
however, this scenario is not feasible. Even security cameras
rarely use continuous photography, but rather a series of
photos are taken at equal intervals of time. And, so called
streaming video or a motion picture is really a series of
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single photographs that are time bound, and, in theory, an
“event” could occur in the interspace between photo stills.
However, with behavioral survey techniques, it is feasible to
collect data on a continuous basis by clearly defining the pa-
rameters of the unit of time and then systematically repeat-
ing that unit of time over a long duration. The U.S. Behav-
ioral Risk Factor Surveillance System (BRFSS) is an excel-
lent model of such a systematic surveillance approach
because it collects data over many years with a one month
time frame (http://www.cdc.gov/brfss/). We would assert that
this comes remarkably close to a “true” continuous behav-
ioral risk factor surveillance system.

What are the basic components of social and behavioral risk
factor surveillance? First one must have the necessary
knowledge base to understand the appropriate field of in-
quiry and the ability to construct reliable and valid instru-
ments for data collection. Fortunately this area is highly de-
veloped with an extraordinary literature base from years of
survey research and surveillance practice. For example, in
the collection of data on smoking behavior there is an ex-
tensive compilation from many countries and many surveys
of how to assess validly and reliably smoking practice
through self-reported questionnaires. Similarly, in the field
of sociology there is a long established tradition of how to
understand and assess socio-economic status through ques-
tionnaires. That is not to say that an unquestioned field of in-
quiry exists. On the contrary, one reason for discussing social
and behavioral risk factors for disease is that there is a con-
siderable range of appropriate topics for inquiry. In the be-
ginning of the BRFSS the emphasis was largely epidemio-
logically based. This emphasis reflected the state of the field
at the time and also the epidemiological origins of surveil-
lance in public health. Not surprisingly, the field of relevant
behaviors largely reflected the behavioral causes of morbid-
ity and mortality, namely factors such as smoking, alcohol
abuse, poor dietary practices, and lack of physical activity.
The field of inquiry has broadened greatly in recent years to
include more social-cultural variables such as quality of life
and social capital. Questionnaires used over the years have
developed and followed this expanding conceptual base for
surveillance of risk factors. More importantly, question-
naires have increasingly been driven by demands by end
users of the system, a point to which we will return later.

A second key component of surveillance is the data. As with
questionnaire construction, the attention given in the scien-
tific literature to data type and its collection has been enor-
mous. Extensive attention has been given to measurement
issues, particularly in those areas that are challenging be-
cause of the dynamic nature of the behavior being measured
(cf. Dean 1993). For example, an international effort has
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been underway to adequately measure physical activity. The
challenge has been to derive a measure that adequately re-
flects the total physical activity of an individual throughout
the day. No simple solution has been found, but multiple
measurement attempts through appropriate questions have
led to a widely accepted set of questions to ask (e.g. the
International Physical Activity Questionnaire, (IPAQ)
http://www.ipaq.ki.se/). The other key piece related to the
collection of data has been on the subject of sampling. Despite
general agreement on the need for probability samples, actu-
ally collecting such samples presents many challenges, espe-
cially in developing countries. In recent years the sampling is-
sue has become more complicated because of the changing
technology. Nonetheless, the primary issue is to produce good
enough quality data on which to base decisions. Sample size,
particularly the sample size produced for smaller time inter-
vals demanded by continuous data collection, represents chal-
lenges to traditional sampling methodologies. However, a
number of sampling challenges may be addressed by better
analytical efforts following data collection.

The third key component of surveillance is the area of analy-
sis. In our view this is an area that needs further attention.
Despite the considerable statistical literature on analyzing
data, this area suffers from three serious drawbacks. The
first is the relatively few analytical techniques that have been
applied routinely to surveillance data. We possess meters of
shelf space occupied by reports that have applied only de-
scriptive statistics to the data. Thus, the richness of multi-
variate statistical analyses has not been sufficiently applied
to surveillance data. The deficit is compounded by the use of
data analysis techniques designed for static, single survey
data, which are not only potentially inappropriate for the
analysis of time-related data but also fail to take into account
the richness of the data available (Campostrini 2003). Fi-
nally, most unfortunate is the failure to take up new and
challenging data analysis techniques arising notably from
physics and other disciplines concerned with chaotic and
nonlinear data. The reasons for this shallow use of analytic
techniques are, like surveillance data itself, complex. Cer-
tainly, it is a mixture of training, resources and personnel. In-
novation has not been a characteristic of the analysis of sur-
veillance data to date, with the possible exception of the use
of geographical and spatial analyses, which have offered
some spectacular results.

A fourth key component of surveillance is interpretation.
This has usually been seen primarily as a statistical problem.
However this is a narrow approach. Interpreting data as im-
portant or significant simply by pointing out the result of a
statistical test or that a certain probability of significance has
been reached is simply not adequate in our view. To begin
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with, one must understand that notions such as level of sig-
nificance are themselves simply an historical product of a
moment in the development of statistics and adopted by bio-
statistics and public health practitioners. The fact that such
notions became rote expectations for the interpretation of
data is most unfortunate particularly with behavioral data.
Inadequate or poor interpretation of data cannot be easily
separated from problems of appropriate analysis because
they go hand in hand. Interpretation of social and behavioral
data requires both statistical and theoretical sophistication.
The theoretical part is the component that takes data from
mere description to interpretation. We can only reiterate the
saying that we have a “vast stock-pile of almost surgically
clean data untouched by human thought.” (Attributed to
Alwyn Smith (1985) of Manchester, England.)

The fifth and final key component in social and behavioral
risk factor surveillance is perhaps the most important and
historically the most neglected. That component is data use.
This concept goes beyond interpreting the output of surveil-
lance systems and gets to the very heart of current issues in
contemporary health promotion and public health practice.
Use of surveillance data has been one of the main themes in
two special conferences on behavioral risk factor surveil-
lance, one in Savannah, Georgia, in 2000, and more recently
at the Third International Monitoring Conference in Noosa,
Australia. Much of the background on this is well covered in
a number of recent publications and current thinking is sum-
marized by Ottoson and Wilson (2003), paraphrasing Cana-
dian work on guiding principles for enhancing utilization.
They note that concern about use of surveillance data needs
to shift from an afterthought to a forethought. This changes
the use question from: “Now, that we have these data, how
can we get people to use them” to a new question: “If sur-
veillance data are collected, who will use them and how?”
This relates to a guiding principle to involve potential users
in decisions about the design, content, and interpretation of
surveillance systems. Such involvement not only helps
sharpen the relevance of data and findings but also encour-
ages an ownership in the system that facilitates use. Related
to this is the recognition that surveillance data are not the
only influence on decisions related to community health in-
terventions. This is not to diminish the importance of good
quality data, rather to recognize that it is one of many influ-
ences on decision making.

From components to a system

All five components — knowledge base, data, analysis, inter-
pretation and use — are critical for surveillance that consti-
tutes a system for surveillance. However there are several
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characteristics of a surveillance system that make it unique.
Most importantly is a fundamental understanding of a dy-
namic approach to each of the five components; four of
these components are illustrated dynamically (see Fig. 1).
There is nothing static about this approach. For example, in
a static approach, one would first design a questionnaire,
plan and draw a sample, collect the data, analyze the data,
and then publish a final report along with academic articles.
Each of these steps could be carried out independently and
in a linear fashion. That is, once the data were collected, that
phase would end and often the same staff would move on to
analyze the collected data. This approach represents a linear
process that is not dynamic. In a dynamic surveillance sys-
tem, all the components are occurring simultaneously, and
they are also highly related to each other. Furthermore, such
a dynamic approach is easily conceptualized as a learning
system because each component feeds into and relates to
another component. Thus, the whole system “learns” about
its operations.

A system can be either closed or open. A closed system is an
isolated system having no interaction with the larger envi-
ronment in which it resides (Von Bertalanffy 1968: 3). A sur-
veillance system can operate chiefly as a closed system, and
a critique to date may be that this has been a limitation.
However, it is our position that when a surveillance system
moves to an open system, it allows for its institutionalization
into the larger public health institution because its learning
system is emphasized. Thus it becomes part of a complex
system with all the attendant characteristics such as the pos-
session of a number of components, a diversity of compo-
nents, linkages between the components, and a synergistic
relationship among the components, which is nonlinear and
complex.

The organizational learning perspective

An interesting approach that could make clearer the role of
behavioral surveillance and how it could work as a system is
that of organizational learning. The basic idea is that for an
organization to carry out its mission, it should learn from
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Figure 1 The surveillance components in a dynamic approach
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innovations that arise and that attention should be paid to
the mechanism for an organization to learn. “In order to be-
come organizational, the learning that results from organi-
zational inquiry must become embedded in the images of
organization held in its members’ mind and/or in the episte-
mological artifacts embedded in the organizational environ-
ment” (Argyrols & Scion 1996). Taking this perspective
would help enhance the effectiveness of both the surveil-
lance systems and the other systems that relate to surveil-
lance. Before presenting how the concept of organizational
learning could be applied to surveillance systems, it is neces-
sary to discuss the role and the components within a surveil-
lance system and the “other systems” that relate to it.

The system, the links with other systems, and the
learning system perspective

Behavioral risk factor surveillance systems can be seen as in-
formation systems (IS), because the data they produce can
be translated into information. Although it is clear that raw,
unanalyzed data files are simply collections of numbers, they
can be transformed through appropriate analysis and inter-
pretation into information for policy and decision-making
processes. This whole process can be interpreted as an in-
formation system. However, it is important to realize that an
information system is not independent of the sociopolitical
and organizational context in which it resides. Considering
this, the immediate questions are “which context” and
“which organization structure” should the behavioral risk
factor surveillance support as data are prepared for use? To
answer these questions we should consider the different in-
puts and outputs that a behavioral risk factor surveillance
system can receive and produce.

The first macro-organization, that is the primary system to
which a behavioral risk factor surveillance system is linked,
(see Fig. 2) is that of the infrastructure for public health. In
this regard, behavioral risk factor surveillance systems func-
tion to inform public health and support public health deci-
sion making. At the same time, following the idea of a learn-
ing system, behavioral risk factor surveillance systems get
the knowledge (theory, rationales, but also hypothesis and
questions) from the public health system itself.

Let us simply define the context in which public health prac-
tice takes place as a public health system. Of course it is not
the only system that a behavioral risk factor surveillance sys-
tem relates to. Data (and information) produced by behav-
ioral risk factor surveillance systems can be used directly by
the broader society, as well as other subsystems of that so-
ciety. The recent impact of obesity trend data from the U.S.
BRFSS on the media is a salient example of the BRFSS in-
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Figure 2 The surveillance system and the link with the other systems

formation going into another broad system of information
[1]. As shown in the Figure 2, the BRFSS is not only embed-
ded in the other systems to which it is related, but also from
which it originated. From an organizational learning per-
spective, this embedment can be turned into a position of ad-
vocacy for risk factor surveillance.

Why advocate for a risk factor surveillance system? First, be-
havioral risk factor surveillance systems represent an “inno-
vation” that can help public health, and the broader health
system to “learn” from the information they produce. It
should be noted that the fact of being embedded with the
other systems is essential for them to learn and proceed. As
already pointed out, to be effective the learning that results
from the innovation should become embedded in the orga-
nization itself (Argyrols & Scion 1996). This learning is fea-
sible only if the link among these systems — these macro-
organizations — is well defined. On the other hand, a behav-
ioral risk factor surveillance system can be considered an or-
ganizational entity that can, or should, learn from the knowl-
edge it produces or from the knowledge that comes from the
other systems of which it is part. This process of communi-
cation, knowledge and information exchange is crucial to the
innovative learning component of the surveillance system.

The need for institutionalization

Our position is that behavioral risk factor surveillance sys-
tems must be a part of the public health system if they are to
produce informative effects and provide a continuous learn-
ing process. However, it is important to emphasize that a con-
tinuous learning process implies that time, as an element, is
critical. In contrast to the static nature of traditional surveys,
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it is the time component of surveillance that makes the con-
tinuous learning process possible. It is also important to un-
derstand that isolated point-in-time surveys, even if routinely
conducted at intervals of time that appear approximately
equal, are not good models for a learning system. A learning
system should be built into real experienced time if it is to
provide rapid feedback and be of most use to the end users.
Besides the critical importance of a time component, one
needs to consider the vitally important relationships with the
other systems to which the behavioral risk factor surveil-
lance system belongs. And because it is not possible to link
two systems if both are not settled and stable, the need for
the institutionalization of surveillance is evident. To institu-
tionalize means to settle the system in a way that it has the
capacity to sustain itself over a long period of time and have
a future. Institutionalization is often seen as essentially a
problem of financial resources, but such resources are only
sustained once a system is institutionalized and legitimized
as part and parcel of the underpinning expectations of a pub-
lic health system. It is a matter of developing relationships,
networking, and, most critically, of facilitating the use of
data and information.
Quite often in the past too little attention has been paid to
these aspects of institutionalization, and the dissemination
of information from surveillance ended after the production
of an official report. Now we recognize that if we want a sur-
veillance system to be effective, it must include elements
such as networking, social marketing, and information bro-
kering. In general, a surveillance system must include a mar-
keting strategy that is designed to proactively inform con-
sumers. In fact a marketing strategy should be embedded in
the surveillance system.
After nearly three decades of behavioral risk factor surveil-
lance experience what has emerged is a clear image that a
surveillance system is in many ways broader than a string of
traditional “surveys” limited to a technical effort to produce
data as its chief justification for existence. In the new con-
ceptualization of surveillance systems many people are in-
volved, not just the “data making” people. Among the per-
sonnel “newcomers” three groups are vitally important:

— Data users — the persons (practitioners, journalists, the
man on the street) — who use surveillance data for many
purposes. These persons could be considered the “cus-
tomers” of surveillance.

— Policy makers — the persons who are the major potential
“client” of surveillance. These individuals ultimately in-
fluence the building of the resource infrastructure for sur-
veillance systems.

— Researchers — those persons who are interested in the
data analysis and the critical interpretation of findings.
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An example of a (learning) surveillance system in

practice: the U.S. BRFSS and the obesity problem

To better understand surveillance as a learning system, con-

sider the following example. One of the major public health

problems in the United States is obesity, particularly the rapid
growth of this problem. Fortunately, the development and his-
tory of the “obesity epidemic” has been documented by the
world’s largest and most developed behavioral risk factor sur-
veillance system, the U.S. BRFSS (http://www.cdc. gov/brfss).

Some factual background:

a) It is well known that obesity is an increasing problem in
the United States: the national objective for the year 2010
is that of lowering obesity to the level of 15 % in the adult
population (present estimates range between 22 % and
23% and the estimates are increasing [2]).

b) BRFSS time trend analysis estimates for the year 2010 a
level of obesity that ranges from 19 to 35 %, depending on
population subgroups considered in the analysis [3]. Al-
though starting from different levels, each population
subgroup (grouping by gender, education, race, and in-
come) shows a steady and stable increase in BMI during
the past several years. If this trend is maintained none of
these subgroups will fulfill the national health objectives
for the year 2010.

¢) More information is needed to identify the mechanisms
of obesity, such as which behaviors and social-structural
conditions may “cause” obesity, and to develop effective
strategies for public health interventions.

These “facts” can be re-interpreted, re-assembled and
viewed in light of a learning surveillance system perspective.
Knowledge coming from the public health system: obesity
is a problem.
Data use: obesity is increasing.
Data analysis: obesity will increase in all population sub-
groups.

These components are the inputs and the outputs of the sur-
veillance system and at this point the surveillance system
could stop: nothing more, apparently could be said. But, if
we allow the system to function as a learning process, it can
be operated to gain new knowledge about the obesity be-
havioral mechanism, specifically it can respond by address-
ing three needs:

— Need for new analyses. By analyzing the relationships be-
tween the several behaviors and environmental condi-
tions that underlie the obesity trend, some important new
dimensions could better characterize those behaviors and
socio-behavioral contexts that favor an observed increase
in obesity.

513



Original article | Originalartikel

— Need for further interpretation. Results from deeper
analyses will need better interpretation by trying to link
(conceptually and not statistically) what relates to current
theories about obesity and people’s behavior.

— Need for new data. Theory, analysis, and interpretation
could then point out the lack of data collected by the pre-
sent BRFSS so that data about other types of information
can be identified and collected, such as measuring the ef-
fects of urban sprawl or non leisure time physical activi-
ties, or by developing more effective ways of measuring
expenditure of caloric energy.

Final comments: the spiral of surveillance

Following the brief example presented above, we can recog-
nize several important characteristics of an ideal surveil-
lance system. First, it can learn from the knowledge pro-
duced by it and by the systems it is linked to. Second, the
knowledge that is produced is always incremental and oc-
curs in a time-bound structure. Third, the knowledge occurs
in a spiraling way starting with the data collection, continu-
ing with data analysis, which involves interpretation, and fi-
nally producing new knowledge (Fig. 3).

As new knowledge is produced it may be seen as the starting
point for the loop illustrated in Figure 3, but this new start-
ing point is above the previous loop, because we are starting
at a higher level of knowledge. That is why selected the spi-
ral to illustrate the underlying concept of this surveillance
system: something that grows in a circular way, going for-
ward but moving always to a higher position. This move-
ment also represents the learning component, and it is char-
acteristic of a dynamic system that is in continuous growth,
which is why continuous data collection is such a fundamen-
tal part of a learning system approach to surveillance.
Starting from some acquired definitions and classical ratio-
nales for surveillance, we have argued for a relatively new
perspective — the learning system. We have emphasized the
systemic aspects related to the surveillance by discussing the
reasons why it is important, crucial, and essential, to pay at-
tention, not only to the core of the system (data collection
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Figure 3 The 'SPIRAL of the surveillance system

and analysis) but also to the other elements that constitute
this system. We believe that the learning system perspective
could help in defining the role and the structure of surveil-
lance by seeing the system as an essentially dynamic process
that fully uses the advantages of continuous data collection.

NOTES

[1] A good example of how important a communication
strategy can be on data use comes from the U.S. BRFSS.
Over many years, the BRFSS used different media (written
reports, academic articles, websites) to release data and
analyses, but not much attention was given to the obesity fig-
ures. However, a new understanding of obesity occurred
when these data were transformed into a series of maps in
which the color of U.S. States changed following the in-
crease in the percentage of the obese population. With this
simple graphical help, the same data that had been reported
in numerous written reports became more visible and more
informative. In fact, once the data were released in the pic-
torial format, the news media paid a lot of attention to the
information.

[2] In 2002 BRFSS estimated 22.1 % among the adult popu-
lation as obese (respondents 18 and older who report that
their body mass index (BMI) is 30.0 or more) in the year
2002 — source: BRFSS web site: http://www.cdc.gov/brfss/
[3] Analyses made by the authors on the data published in
the quoted BRFSS web site.
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