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You think that because you understand “one” that you must therefore 
understand “two” because one and one make two. But you forget that 
you must also understand “and.”—Sufi teaching story

The social ecological perspective provides a powerful concep-
tual basis for multilevel intervention. Its fundamental insight is 
that determinants at multiple levels—including intrapersonal, 
interpersonal, organizational, community, and policy—interact to 
influence human behavior and health outcomes. The immediate 
implication of this insight is that interventions that target determi-
nants at multiple levels and mutually reinforce each other are likely 
to produce larger and longer lasting effects than interventions that 
target determinants at only one level. As acceptance of this per-
spective has grown, so has enthusiasm for multilevel interventions 
focused on a variety of health conditions, including cardiovascular 
disease, HIV, obesity, and cancer (1).

Although the social ecological perspective offers a compelling 
justification for developing multilevel interventions, it provides 
surprisingly little practical guidance for designing them. 
Proponents of this perspective have recommended that multilevel 
interventions combine environmental and behavioral interven-
tions that work together in complementary or synergistic ways 
(1–7). Yet, discussions of how, when, or why interventions at dif-
ferent levels combine or could combine in mutually reinforcing 
ways are conspicuously missing. Without such guidance, multi-
level intervention designers run the risk of combining interven-
tions that produce scattered, redundant, or contradictory effects.

In this article, we use a causal modeling approach—that is, we 
construct visual representations of cause–effect relationships—to 
describe five strategies for combining interventions at different 
levels to produce complementary or synergistic effects. We illustrate 
these strategies with examples of multilevel interventions to improve 
the quality of cancer treatment. We conclude with guidance about 
how this approach could be used to design multilevel interventions 
and reflect on the limits of this approach.

The Social Ecological Perspective: Promise 
and Limits
Rooted in general systems theory, the social ecological perspective 
is a conceptual framework that focuses on the interrelationships 
between people and their environments. While there are many 
variants of the social ecological perspective [see (1)], two principles 
unite them. The first principle is that human health results from the 
complex interaction of personal factors and multiple aspects of 
physical and social environments. In addition to biological, psycho-
logical, and behavioral factors, health is influenced by geography, 
architecture, culture, economics, politics, and social relationships 
(5). In the social ecological perspective, the multiple factors that 
influence health are described as “levels of influence” and depicted 
as nested concentric circles representing contextual layers of 
increasing scope (eg, intrapersonal, interpersonal, organizational, 
community, and macro-level policy) (1,2,8–10).

The second principle is that the multiple factors that influence 
health are interdependent—that is, they mutually influence each 
other. Interdependence holds three important implications for 
multilevel interventions. The first implication is that causal influence 
does not flow in only one direction. Physical and social features of 
the environment influence people’s behavior and therefore their 
health; at the same time, people can influence their health by 
modifying physical and social features of their surroundings. The 
second implication is that determinants at one level of influence 
can modify the effects of determinants at another level. Stokols 
[(6), page 286] notes, for example, that “the same environmental 
conditions . . . may affect people’s health differently, depending 
on their personalities, perceptions of environmental controllability, 
health practices, and financial resources.” The third implication is 
that changes at one level of influence can bring about changes at 
another level of influence. For example, changes in macro-level 
policy (eg, reimbursement) can stimulate changes in health-care 
organizations (eg, provision of patient navigation), which, in turn, 
can bring about changes in patient behavior (eg, timely follow-up 
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on abnormal screening results) and outcomes (eg, diagnostic reso-
lution). Likewise, cancer health disparities can prompt the mobili-
zation of advocacy groups and health-care organizations to seek 
policy-level changes to improve access or quality.

On the basis of these principles, proponents of the social eco-
logical view contend that multilevel interventions should be more 
effective than single-level interventions in changing health behav-
ior and outcomes (1–6,11,12). Smoking, for example, is influenced 
by multiple interdependent factors operating at different levels of 
influence. Thus, a multilevel intervention that combines smoking 
cessation counseling (an intrapersonal-level intervention) and 
workplace smoke-free policies (an organizational-level interven-
tion) should be more effective than either intervention alone. 
However, both proponents and critics acknowledge that more 
interventions do not necessarily translate into more effect [eg, 
(5,13)]. Workplace smoking bans, for example, could harden 
smokers’ attitudes and undercut their intentions to quit, making 
them less likely, not more, to take advantage of smoking cessation 
counseling programs. The key to designing effective multilevel 
interventions is to select and combine interventions that work 
together in complementary or synergistic ways.

Despite widespread agreement on this point, little discussion 
has occurred about how, when, or why interventions at different 
levels of influence produce (or could produce) complementary or 
synergistic effects. Consequently, multilevel intervention designers 
can find little practical advice for deciding which interventions to 
combine, and why. Proponents of the social ecological perspective 
have offered advice for choosing the level at which to intervene 
and for choosing among intervention options. For example, inter-
vention efforts should focus on “high-leverage” factors—that is, 
those personal and environmental factors that research indicates 
have a disproportionate influence on the specific health issue in 
question (5,11). Furthermore, interventions should be theoretically 
grounded, evidence based, economically feasible, and consistent 
with community values and priorities (5,13). Although these criteria 
are useful for narrowing intervention options, they do not indicate 
which interventions are likely to work together in mutually rein-
forcing ways, and which are not.

Similarly, proponents of the social ecological perspective have 
offered advice on the sequencing of interventions. For example, 
Sallis et al. (10) argue that environmental interventions should be 
put into place before educational interventions to avoid promoting 
unrealistic health behavior (eg, walking in high-crime areas). 
Likewise, Spence and Lee (12) note that creating walking trails in 
a community populated predominantly with older adults might not 
be effective until the joint pain that many residents experience is 
overcome. Although such advice is useful for guiding the deploy-
ment of interventions (an implementation issue), it has limited 
value for guiding the selection of interventions in a multilevel 
intervention (a design issue).

In sum, the social ecological perspective offers a comprehensive 
framework for understanding the multiple interacting determi-
nants of health. Moreover, it provides a compelling basis for the 
development, testing, and use of multilevel interventions that 
systematically target mechanisms of change at multiple levels of 
influence. However, in its present state of development, this per-
spective imparts little guidance about how to select interventions 

at different levels that produce (or could produce) complementary 
or synergistic effects. Without some framework for thinking about 
how interventions interact in mutually reinforcing ways, multilevel 
intervention designers run the risk of combining interventions that 
produce scattered, redundant, or mutually opposing effects (14). 
To address this issue, we employ a causal modeling framework to 
explore five strategies for combining interventions at multiple 
levels that help describe when synergy and complementarity may 
be produced. The five strategies are accumulation, amplification, 
facilitation, cascade, and convergence.

A Causal Modeling Approach to Multilevel 
Intervention Design
Causal models are abstract, often visual, representations that use 
cause-and-effect logic to describe the behavior of a system. These 
models can be used to design interventions to clarify the causal 
relationships between determinants and outcomes and between 
determinants and determinants. Given the importance of interde-
pendence in the social ecological perspective, we focus on two types 
of causal relationships: mediation and moderation. Mediation refers 
to the process or pathway through which a cause is linked to an 
effect. In intervention research, the issue of mediation concerns 
how a particular intervention produces a desired outcome. Some 
suggest, for example, that audit and feedback interventions influ-
ence physician behavior by triggering self-directed motivation to 
reduce discrepancies between desired and actual performance (15). 
In general, interventions are more effective when the mediating 
process or pathway is strongly related to the desired outcome (16).

Moderation refers to the individual differences or contextual 
conditions that influence the strength or direction of the relation-
ship between cause and effect. In intervention research, the issue 
of moderation concerns how such factors intensify or attenuate the 
intervention effect. For example, it might be that audit and feed-
back influence physician behavior more strongly for physicians in 
training than for physicians in practice. Alternatively, the effect of 
audit and feedback might be stronger in some contexts (eg, cancer 
screening) than in others (eg, cancer treatment). In general, inter-
ventions are more effective when they exhibit a good fit, or high 
degree of compatibility, with other personal and environmental 
factors that define a context (17–19).

Mediation and moderation can combine in various ways [see 
(20,21)]. Mediated moderation occurs if the moderating effect of 
some individual difference or contextual condition results from 
differences in the mediating process or pathway. For example, 
audit and feedback could have differential effects on physician 
behavior because it triggers self-directed motivation to improve 
for physicians in training but not for physicians in practice. 
Alternatively, audit and feedback could have differential effects 
because it triggers self-directed motivation for physicians in train-
ing (one pathway) and peer-induced motivation for physicians in 
practice (a different but perhaps less potent pathway). Moderated 
mediation occurs if the mediating process or pathway is intensified 
or attenuated by an individual difference or contextual condition. 
For example, audit and feedback might trigger self-directed 
motivation to improve among all physicians, but its effects on 
self-directed motivation (and, hence, on physician behavior) is 
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intensified by the social norms and practices of residency training 
programs.

In mediated moderation, the causal pathway varies for different 
groups or in different contexts. In moderated mediation, the causal 
pathway does not differ, but the magnitude of the transmitted 
effect varies for different groups or in different contexts. Moderated 
mediation can occur in many ways, suggesting several strategies for 
combining interventions at different levels to produce comple-
mentary or synergistic effects.

To illustrate the potential strategies for increasing synergy and 
complementarity using a moderation/mediation framework, we 
focus on interventions to improve the quality of treatment of 
locally advanced rectal cancer. In 1990, the National Institutes of 
Health issued a consensus statement recommending chemoradia-
tion therapy (CRT) as adjuvant treatment for stage II and stage III 
rectal cancer patients (22). Rectal cancer survival rates overall have 
improved by 15%–20% since that time. More recent recommen-
dations advocate using CRT neoadjuvantly for these patients. 
Although CRT is now accepted as the standard of care for stage II 
and stage III rectal cancer, evidence suggests that at least 20%–25% 
of stage II and stage III rectal cancer patients still do not receive 
any CRT (23,24). Moreover, studies have documented significant 
variation in the receipt of CRT by geographic region, stage (II vs III), 
surgeon specialty, patient age and sex, and patient race/ethnicity 
(23–27). Although the causal factors giving rise to variation in pat-
terns of care for rectal cancer treatment are not well understood, 
extrapolation from studies of practice patterns in breast cancer 
treatment suggests several possible determinants at various levels 
of influence, such as provider knowledge or distance to a radiation 
facility (see Table 1). More research is needed to verify that these 
hypothesized causal factors affect the receipt or nonreceipt of 
CRT for locally advanced rectal cancer. For the purposes of illus-
tration, however, we suggest that the determinants shown in Table 1 
are plausible. Likewise, for the purposes of illustration, we assume 
that the interventions discussed below are evidence based, eco-
nomically feasible, and consistent with community values and 

priorities. We make these assumptions to shift attention away 
from the merits of specific interventions and toward the logic for 
combining interventions at different levels.

Five Strategies for Combining Interventions 
at Different Levels
In our description of strategies for combining interventions at dif-
ferent levels, we distinguish three important factors: interventions, 
targets, and settings. An intervention is a strategy for changing a 
given state of affairs. An intervention target refers to the level of 
influence of the determinant (or causal factor) that an intervention 
attempts to modify (2,9). For example, an organization-level inter-
vention is one that attempts to change an organization-level deter-
minant of behavior (eg, organizational policy, procedures, staffing, 
or resource allocation). Although the intervention’s ultimate goal 
might be to change physician behavior, its proximal goal of changing 
an organizational determinant of physician makes it an organization-
level intervention. An organization-level intervention can occur in 
a variety of settings, including multiple organizations of the same 
type (eg, physician practices) or different types (eg, physician prac-
tices and hospitals). An intervention setting refers to the social 
system in which the intervention target (ie, determinant) is reached 
(2,9). Intervention settings can range in scope from individuals, to 
dyads, to groups, to organizations, to communities, to societies.

In the social ecological perspective, what defines the level of an 
intervention is the level of influence of the determinant or causal 
factor (intervention target) not the social unit to which an inter-
vention is directed or in which an intervention is implemented 
(intervention setting) (1,2,8–11,28,29). This distinction is subtle 
but important. Audit and feedback provides a useful illustration. 
Although scientific knowledge of how audit and feedback works is 
limited, control theory suggests that the presentation of informa-
tion indicating that a discrepancy exists between actual perfor-
mance and desired or expected performance motivates a behavioral 
response to reduce the discrepancy (15,30,31). Thus, from a control 

Table 1. Possible determinants of nonreceipt of adjuvant rectal cancer treatment

Level of influence Possible determinant

Intrapersonal (individual) Patient knowledge, attitudes, and beliefs
Patient personal/situational factors (eg, time barriers, financial barriers, transportation barriers)
Provider knowledge, attitudes, beliefs
Inadequate cues to action for providers

Interpersonal Poor physician–patient communication
Inadequate social support for patient
Professional (social) norms about chemoradiation therapy appropriateness

Organizational Poor communication/planning of multidisciplinary care
Fragmented delivery system/poor coordination
Organizational policies or “standard practices” that discourage information sharing and/or accountability

Community Location or distance to radiation facility
Shortage of radiation or medical oncologists in specific geographic areas

Macro policy* Limited or lack of insurance coverage
Inadequate reimbursement rates
Inadequate incentives to improve care coordination
Limited public or professional accountability

* Policy refers to a level of context (state or national policy environment), not an intervention.
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theory perspective, audit and feedback represents an intrapersonal-
level intervention. Although often implemented in organizational 
settings, audit and feedback target intrapersonal determinants of 
physician behavior: knowledge of a performance discrepancy and 
motivation to reduce that discrepancy. It is possible that audit and 
feedback also work (or could work) by targeting determinants at 
other levels of influence. For example, audit and feedback could 
produce changes in physician behavior by changing organizational 
culture or interpersonal relationships. Whether audit and feedback 
work in these ways is not known. Absent more theory and research, 
it seems reasonable to regard audit and feedback from a control 
theory perspective as an intrapersonal-level intervention that tar-
gets physician motivation to reduce performance discrepancies.

As noted in the introductory chapter in this monograph, there 
are multiple ways to define the level of an intervention. The bio-
psychosocial perspective, for example, defines intervention level in 
terms of the social units to which an intervention is directed, such 
as individuals, groups, organizations, and policy environments. We 
follow the social ecological perspective in defining intervention 
levels in terms of targets (determinants) rather than settings (social 
units).

The strategies presented below have been simplified to illus-
trate their utility in multilevel intervention research. They depict 
a single mediating pathway rather than showing all of the poten-
tial mediating pathways through which specific interventions  
or combinations of interventions might produce their effects.  
A public reporting intervention, for example, could affect patient 
motivation and behavior as well as provider motivation and 
behavior.

Accumulation Strategy
In the accumulation strategy, interventions at different levels pro-
duce a cumulative impact on a common mediating pathway or set 
of mediating pathways. The effect of each intervention is not con-
ditional on the other interventions. Rather, the interventions 
exhibit what scholars call pooled interdependence (32), meaning 
that each intervention makes a discrete contribution to the out-
come, and in our example the mediating variable, without being 
dependent on each other. To illustrate, Figure 1 depicts a multi-
level intervention focused on increasing surgeons’ motivation to 
ensure that rectal cancer patients receive appropriate CRT follow-
ing extirpative resection. In this example, surgical practices’ CRT 
rates for rectal cancer treatment are publicly reported to provide 

the practices an incentive for coordinated multidisciplinary care (an 
organization-level intervention), opinion leaders are used to alter 
local norms about CRT appropriateness for older patients (an 
interpersonal-level intervention), and outreach visits targeted at 
physicians whose patients are less likely to receive CRT are used  
to change surgeons’ attitudes and beliefs (an intrapersonal-level 
intervention). This approach would be warranted if theory and/or 
research indicated that 1) all three interventions produce their 
effects through a common mediating pathway and 2) this mediating 
pathway is the principal determinant of the desired outcome.  
A third consideration has less to do with the design of the multilevel 
intervention than with the implementation of it. Although deployed 
at different levels, the interventions must reach or converge upon 
the same intended audience. Differential exposure to the interven-
tions is likely to produce scattered noncumulative effects. Finally, 
the dose–response relationship between the mediating pathway and 
the desired outcome is crucial to understand. If the relationship is 
subject to threshold or ceiling effects (ie, the relationship is nonlinear), 
the cumulative strategy could produce large effects, small effects, or 
no effect at all.

Amplification Strategy
In the amplification strategy, the effect of one or more interven-
tions is conditional on another intervention. One intervention 
increases the target audience’s sensitivity or receptivity to the other 
intervention(s). In ways analogous to moderated mediation, one 
intervention amplifies the magnitude of the effect of the other 
intervention(s) on the mediating process or pathway. Figure 2 pres-
ents an example in which audit and feedback (an intrapersonal-level 
intervention) is added to boost the signal of public reporting  
of surgical practices’ CRT rates for rectal cancer treatment (an 
organization-level intervention) and opinion leaders for altering 
local norms (an interpersonal-level intervention). This combination 
would be warranted if theory and/or research indicated that physi-
cians are more responsive to practice-level public reporting or  
peers’ opinions if they have credible individually tailored information 
that signals a discrepancy between desired and actual performance.  
In other words, the effects of the public reporting and opinion 
leader interventions depend on contextual factors. In this example, 
the contextual factor is a visible performance gap indicating a need 
for improvement. Amplification strategies could be used selectively 
to create tailored multilevel interventions that equalize the contex-
tual conditions for different individuals, groups, or organizations. 

Figure 1. Accumulation strategy. Boxes indicate intervention and level 
of influence (in parentheses). The diamond indicates the mediator. The 
oval indicates the outcome. Asterisk indicates that for expositional 
purposes, the diagram depicts interventions rather than determinants 
as causes. Public reporting in this instance refers to the publication of 
practice-level chemoradiation therapy rates. To keep the presentation 
simple, a single mediating pathway is presented. Other potential effects 
are not shown.

Figure 2. Amplification strategy. Boxes indicate intervention and level 
of influence (in parentheses). The diamond indicates the mediator. The 
oval indicates the outcome. Asterisk indicated that for expositional 
purposes, the diagram depicts interventions rather than determinants 
as causes. Public reporting in this instance refers to the publication of 
practice-level chemoradiation therapy rates. To keep the presentation 
simple, a single mediating pathway is presented. Other potential effects 
are not shown.
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For example, it might be the case that, when it comes to improving 
rates of CRT for rectal cancer patients, urban surgeons are more 
sensitive than rural surgeons to public reporting and  
peers’ opinions. Targeting audit and feedback toward rural sur-
geons could equalize the sensitivity of these two groups to these 
other interventions. Using the amplification strategy in this way is 
analogous to improving person–environment fit (33).

Facilitation Strategy
As in the case of the amplification strategy, in the facilitation strat-
egy, the effect of one or more interventions is conditional on 
another intervention. However, instead of boosting the signal, the 
conditional intervention clears the mediating pathway for the other 
intervention(s) to produce the desired outcome. As another form of 
moderated mediation, one intervention removes the barriers or 
facilitates the effect of the other interventions. To continue the 
example, Figure 3 depicts a multilevel intervention in which a clin-
ical reminder (an intrapersonal-level intervention) is added to facili-
tate the motivating effect produced by public reporting of surgical 
practices’ CRT rates for rectal cancer treatment (an organiza-
tion-level intervention) and opinion leaders for altering local norms 
(an interpersonal-level intervention). This approach would be war-
ranted if theory and/or research indicated that public reporting 
and peers’ opinions increase surgeons’ motivation to ensure that 
their rectal cancer patients get appropriate CRT, but,  
to translate their increased motivation into action, they need a cue 
or reminder. The facilitation strategy is especially useful when the 
interdependence of multiple determinants is defined by necessary 
but not sufficient relationships. In the above example, the increased 
motivation that public reporting and opinion leaders stimulate 
might be necessary but not sufficient to improve rates of CRT 
absent some action cue or reminder. Conversely, the action cue or 
reminder itself might not be sufficient to produce improvement in 
CRT rates but might be necessary to address in conjunction with 
other determinants.

Cascade Strategy
In the cascade strategy, an intervention at one level affects the 
desired outcome in and through one or more interventions at other 
levels of influence. The interventions demonstrate what scholars 
refer to as sequential interdependence (32), meaning that the out-
puts of an intervention at one level become the inputs of an inter-
vention at another level. To illustrate, Figure 4 depicts a multilevel 
intervention in which advocacy (a policy-level intervention) 

prompts a change in accreditation standards, which, in turn, stimu-
lates hospital managers’ and physicians’ motivation to initiate 
tumor board meetings (an organization-level intervention) to pro-
mote multidisciplinary care planning. Tumor board meetings 
reveal that physicians have varying degrees of knowledge of and 
comfort with current guidelines for rectal cancer treatment. Thus, 
tumor board meetings prompt outreach visits (an intrapersonal-
level intervention) wherein trained professionals meet face-to-face 
with physicians to provide information about current guidelines, 
feedback on current performance, and tailored suggestions for 
overcoming barriers to practice change. The cascade approach 
would be warranted if theory and/or research indicated that deter-
minants at different levels of influence interrelate primarily through 
mediation rather than moderation. By linking multiple mediating 
processes into an integrated causal pathway, cascading interven-
tions create a “circuit” through which the effects of interventions 
combine and flow. Although “cascade” implies a flow from higher 
levels of influence to lower ones, this approach can be applied in 
reverse. Often interventions at one level run up against technical, 
resource, authority, or other constraints that can only be addressed 
at higher levels of influence. Community development and 
community empowerment models of intervention often work in a 
bottom–up fashion.

Convergence Strategy
In the convergence strategy, interventions at different levels mutu-
ally reinforce each other by altering patterns of interaction among 
two or more target audiences. The interventions exhibit what 
scholars call reciprocal interdependence (32), meaning the outputs 
of some interventions become the inputs of other interventions and 
vice versa. For example, the multilevel intervention depicted in 
Figure 5 combines public reporting of surgical practices CRT rates 
for rectal cancer treatment (an organization-level intervention) and 
opinion leaders for altering local norms (an interpersonal-level 
intervention) to increase surgeons’ motivation to ensure that rectal 
cancer patients receive appropriate CRT. It adds patient education 
and counseling (an intrapersonal-level intervention) to increase 
rectal cancer patients’ knowledge and motivation to seek appropri-
ate CRT. The physician-directed and patient-directed interven-
tions mutually reinforce each other to promote a different kind of 
physician–patient interaction, the result of which is increased 
appropriate receipt of CRT. The convergence strategy would be 
warranted if research showed that coordinated behavior change by 
different interdependent parties is necessary to produce a desired 
outcome. The Chronic Care Model, for example, posits that high-
quality chronic disease care depends on supportive evidence-based 
interactions between an informed activated patient and a prepared 
proactive practice team (34). Although these examples focus on alter-
ing the patterns of interaction among individuals, the convergence 
strategy can be used to alter the patterns of interaction among groups 
(eg, provider teams), organizations (eg, hospitals and physician  
practices), and communities (eg, neighborhoods, cities, and states).

Discussion
Researchers and practitioners wishing to deploy multiple interven-
tions at different levels of influence face two pressing questions: 

Figure 3. Facilitation strategy. Boxes indicate intervention and level of 
influence (in parentheses). The diamond indicates the mediator. The 
oval indicates the outcome. Asterisk indicates that for expositional 
purposes, the diagram depicts interventions rather than determinants 
as causes. Public reporting in this instance refers to the publication of 
practice-level chemoradiation therapy rates. To keep the presentation 
simple, a single mediating pathway is presented. Other potential effects 
are not shown.
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Which combinations of interventions are likely to produce comple-
mentary or synergistic effects? Why? Funding agencies and policy-
making bodies presented with competing proposals for multilevel 
interventions face these questions as well. The causal modeling 
approach that we used in this article offers a general framework for 
thinking through the logic of multilevel intervention design. 
Moreover, the five strategies that we described provide a starting 
point for assessing whether, how, and, to some extent, when par-
ticular combinations of interventions at different levels of influence 
could work together in mutually reinforcing ways. For example, 
having identified “high-leverage” intervention opportunities based 
on a thorough understanding of the determinants of the problem 
and having screened intervention options based on theoretical sup-
port, empiric evidence, feasibility, and acceptability, researchers 
and practitioners seeking to develop multilevel interventions could 
ask 1) which of the remaining intervention options could be com-
bined in complementary or synergistic ways, 2) which of the above-
mentioned strategies for combining interventions best describes the 
logical–causal basis for anticipating complementary or synergistic 

effects, and 3) what theory or evidence supports the logical–causal 
case for expecting complementarity or synergy from the proposed 
multilevel intervention? The causal modeling approach described 
in this article complements intervention planning models, such as 
Predisposing, Reinforcing and Enabling Constructs in Educational 
Diagnosis and Evaluation (PRECEDE)-Policy, Regulatory, and 
Organizational Constructs in Educational and Environmental 
Development (PROCEED) (35) and Intervention Mapping (36), 
by focusing attention on the causal–logical basis for selecting 
and combining interventions at multiple levels. With respect to 
PRECEDE-PROCEED, for example, the causal modeling approach 
could be used to think through the design of interventions that 
target predisposing, enabling, and reinforcing factors at different 
levels of influence. In a similar vein, funding agencies and policy-
making bodies could ask whether those proposing multilevel inter-
ventions offer sound causal reasoning that the interventions they 
plan to combine will produce complementary or synergistic effects.

Our discussion of strategies for combining interventions at  
different levels is by no means exhaustive. The five strategies that 
we identify could themselves be combined in various ways, and other 
strategies might also be possible. The essential point, in our view, is 
that multilevel interventions should be designed based on sound 
causal reasoning about the likely interactions among the combined 
interventions and not simply on the merits of the individual interven-
tions themselves. As the Sufi teaching story mentioned earlier reminds 
us, we must know the “and” to know how one and one make two.

Theory and research play a critical role in clarifying the logical 
basis for combining interventions at multiple levels. For theory 
and research to fulfill this role, however, three advances must 
occur. First, most theories focus on a single level of influence. 
Psychological theories focus on intrapersonal determinants. 
Organizational theories focus on organization-level determinants. 
Political theories focus on policy-level determinants. What we 

Figure 5. Convergence strategy. Boxes indicate intervention and level of 
influence (in parentheses). Diamonds indicate mediators. The oval indi-
cates the outcome. Asterisk indicates that for expositional purposes, the 
diagram depicts interventions rather than determinants as causes. Public 
reporting in this instance refers to the publication of practice-level 
chemoradiation therapy rates. To keep the presentation simple, a single 
mediating pathway is presented. Other potential effects are not shown.

Figure 4. Cascade strategy. Boxes indicate 
intervention and level of influence (in paren-
theses). Diamonds indicate mediators. The 
oval indicates the outcome. For expositional 
purposes, the diagram depicts interventions 
rather than determinants as causes. Advocacy 
in this instance refers to organized efforts to 
change accreditation standards. To keep the 
presentation simple, a single mediating path-
way from each intervention is presented. 
Other potential effects are not shown.
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need are theories that explain how determinants at multiple levels 
interact to produce health and other important outcomes. Second, 
most empiric studies focus on “independent variables,” using  
statistics or experimental design to isolate the hypothesized 
causal relationship of one variable (determinant) and another (out-
come). What we need is more cross-level research that examines 
the interdependence of variables (determinants) at multiple levels 
of influence. Interdependence can be explored as cross-level 
interactions in multilevel models (37,38), an approach suitable for 
large-N studies, or as “conjunctural causality” in qualitative com-
plexity analysis, an approach suitable for small-N studies (39–41). 
Cross-level research of either variety could inform theory and 
intervention design. Third, most interventions designed to change 
the behavior of health professionals—including outreach visits, 
audit and feedback, and clinical reminders—depend on causal 
mechanisms that are poorly understood (42). We need more speci-
ficity about the mediating processes through which these interven-
tions produce desired outcomes and under what conditions these 
processes occur.

Finally, it is important to recognize that interventions at mul-
tiple levels interact not only with each other (as described in this 
article) but also with other contextual factors in the settings into 
which they are introduced (eg, sociopolitical processes) (43–45). 
Rather than viewing multilevel interventions as “packages,” Hawe 
et al. (14) propose that we see them as events that occur in social 
systems characterized by complexity, nonlinearity, and sensitivity 
to initial conditions. This perspective implies value in coupling our 
conceptual approach to multilevel intervention design with systems 
dynamics models to explore how proposed multilevel interventions 
are likely to unfold dynamically in specific settings (43).

References
 1. Sallis JF, Owen N, Fisher EB. Ecological models of health behavior. In: 

Glanz K, Rimer BK, Viswanath K, eds. Health Behavior and Health 
Education: Theory, Research, and Practice. 4th ed. San Francisco, CA: Jossey-
Bass; 2008:465–486.

 2. Green LW, Richard L, Potvin L. Ecological foundations of health promo-
tion. Am J Health Promot. 1996;10(4):270–281.

 3. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective 
on health promotion programs. Health Educ Q. 1988;15(4):351–377.

 4. McLeroy KR, Norton BL, Kegler MC, Burdine JN, Sumaya CV. 
Community-based interventions. Am J Public Health. 2003;93(4):
529–533.

 5. Stokols D. Establishing and maintaining healthy environments: toward a 
social ecology of health promotion. Am Psychol. 1992;47(1):6–22.

 6. Stokols D. Translating social ecological theory into guidelines for  
community health promotion. Am J Health Promot. 1996;10(4):282–298.

 7. Stokols D, Allen J, Bellingham RL. The social ecology of health promo-
tion: implications for research and practice. Am J Health Promot. 1996;
10(4):247–251.

 8. Bartholomew LK. Planning Health Promotion Programs an Intervention 
Mapping Approach. 3rd ed. San Francisco, CA: Jossey-Bass; 2011.

 9. Richard L, Potvin L, Kishchuk N, Prlic H, Green LW. Assessment of the 
integration of the ecological approach in health promotion programs. Am 
J Health Promot. 1996;10(4):318–328.

 10. Sallis JF, Bauman A, Pratt M. Environmental and policy interventions to 
promote physical activity. Am J Prev Med. 1998;15(4):379–397.

 11. King AC, Stokols D, Talen E, Brassington GS, Killingsworth R. 
Theoretical approaches to the promotion of physical activity: forging a 
transdisciplinary paradigm. Am J Prev Med. Aug 2002;23(2 suppl):15–25.

 12. Spence JC, Lee RE. Toward a comprehensive model of physical activity. 
Psychol Sport Exerc. 2003;4(1):7–24.

 13. Runyan CW, Yonas M. Conceptual frameworks for developing and com-
paring approaches to improve adolescent motor-vehicle safety. Am J Prev 
Med. 2008;35(3 Suppl):S336–S342.

 14. Hawe P, Shiell A, Riley T. Theorising interventions as events in systems. 
Am J Community Psychol. 2009;43(3–4):267–276.

 15. Gardner B, Whittington C, McAteer J, Eccles MP, Michie S. Using  
theory to synthesise evidence from behaviour change interventions: the 
example of audit and feedback. Soc Sci Med. 2010;70(10):1618–1625.

 16. Baranowski T, Cullen KW, Nicklas T, Thompson D, Baranowski J. Are 
current health behavioral change models helpful in guiding prevention of 
weight gain efforts? Obes Res. 2003;11(suppl):23S–43S.

 17. Glasgow RE, Emmons KM. How can we increase translation of research 
into practice? Types of evidence needed. Annu Rev Public Health. 2007;
28:413–433.

 18. McKleroy VS, Galbraith JS, Cummings B, et al. Adapting evidence-based 
behavioral interventions for new settings and target populations. AIDS 
Educ Prev. 2006;18(4) (suppl A):59–73.

 19. Castro FG, Barrera M Jr, Martinez CR Jr. The cultural adaptation of 
prevention interventions: resolving tensions between fidelity and fit. Prev 
Sci. 2004;5(1):41–45.

 20. Muller D, Judd CM, Yzerbyt VY. When moderation is mediated and 
mediation is moderated. J Pers Soc Psychol. 2005;89(6):852–863.

 21. Preacher KJ, Rucker DD, Hayes AF. Addressing moderated mediation 
hypotheses: theory, methods, and prescriptions. Multivariate Behav Res. 
2007;42(1):185–227.

 22. NIH Consensus Conference. Adjuvant therapy for patients with colon and 
rectal cancer. JAMA. 1990;264(11):1444–1450.

 23. Baxter NN, Rothenberger DA, Morris AM, Bullard KM. Adjuvant  
radiation for rectal cancer: do we measure up to the standard of care? An 
epidemiologic analysis of trends over 25 years in the United States. Dis 
Colon Rectum. 2005;48(1):9–15.

 24. Lin C, Charlton ME, Meza JL, Enke CA, Loberiza FR Jr. Temporal and 
regional variations in the use of preoperative radiation therapy for rectal 
cancer. Am J Clin Oncol. 2010;33(5):443–447.

 25. Dimou A, Syrigos KN, Saif MW. Disparities in colorectal cancer in 
African-Americans vs Whites: before and after diagnosis. World J 
Gastroenterol. 2009;15(30):3734–3743.

 26. Morris AM, Billingsley KG, Hayanga AJ, Matthews B, Baldwin LM, 
Birkmeyer JD. Residual treatment disparities after oncology referral for 
rectal cancer. J Natl Cancer Inst. 2008;100(10):738–744.

 27. Schrag D, Gelfand SE, Bach PB, Guillem J, Minsky BD, Begg CB. Who 
gets adjuvant treatment for stage II and III rectal cancer? Insight from 
surveillance, epidemiology, and end results—Medicare. J Clin Oncol. 
2001;19(17):3712–3718.

 28. Heaney CA. Intervention mapping and the new health promotion. Health 
Educ Behav. 1998;25(5):564–568; discussion 569–570.

 29. Glanz K, Bishop DB. The role of behavioral science theory in develop-
ment and implementation of public health interventions. Annu Rev Public 
Health. 2010;31:399–418.

 30. Abraham C, Michie S. A taxonomy of behavior change techniques used in 
interventions. Health Psychol. 2008;27(3):379–387.

 31. Carver CS, Scheier MF. Control theory—a useful conceptual framework 
for psersonality-social, clinical, and health psychology. Psychol Bull. 
1982;92(1):111–135.

 32. Thompson JD. Organizations in Action; Social Science Bases of Administrative 
Theory. New York, NY: McGraw-Hill; 1967.

 33. Lawton MP, Windley PG, Byerts TO. Aging and the Environment: 
Theoretical Approaches. New York, NY: Springer; 1982.

 34. Coleman K, Austin BT, Brach C, Wagner EH. Evidence on the Chronic 
Care Model in the new millennium. Health Aff (Millwood). 2009;28(1):75–85.

 35. Green LW, Kreuter MW. Health Promotion Planning: An Educational and 
Ecological Approach. 4th ed. New York, NY: McGraw-Hill; 2005.

 36. Bartholomew LK. Planning Health Promotion Programs: An Intervention 
Mapping Approach. 1st ed. San Francisco, CA: Jossey-Bass; 2006.

 37. Kreft IGG, Leeuw Jd. Introducing Multilevel Modeling. London, UK: Sage 
Publications; 1998.

 38. Raudenbush SW, Bryk AS. Hierarchical Linear Models: Applications and Data 
Analysis Methods. 2nd ed. Thousand Oaks, CA: Sage Publications; 2002.

D
ow

nloaded from
 https://academ

ic.oup.com
/jncim

ono/article/2012/44/34/946740 by guest on 10 April 2024



Journal of the National Cancer Institute Monographs, No. 44, 2012   41

 39. Ragin CC. Fuzzy-Set Social Science. Chicago, IL: University of Chicago 
Press; 2000.

 40. Rihoux B, Ragin CC. Configurational Comparative Methods: Qualitative 
Comparative Analysis (QCA) and Related Techniques. Thousand Oaks, CA: 
Sage Publications; 2009.

 41. Ragin CC. Redesigning Social Inquiry: Fuzzy Sets and Beyond. Chicago, IL: 
University of Chicago Press; 2008.

 42. Grol R, Wensing M, Eccles M. Improving Patient Care: The Implementation 
of Change in Clinical Practice. Edinburgh, UK: Elsevier Butterworth 
Heinemann; 2005.

 43. Hirsch GB, Levine R, Miller RL. Using system dynamics modeling to 
understand the impact of social change initiatives. Am J Community 
Psychol. 2007;39(3–4):239–253.

 44. Trickett EJ. Multilevel community-based culturally situated interventions 
and community impact: an ecological perspective. Am J Community 
Psychol. 2009;43(3–4):257–266.

 45. Schensul JJ, Trickett E. Introduction to multi-level community based 
culturally situated interventions. Am J Community Psychol. 2009;
43(3–4):232–240.

Funding
The first authors, who were not federal employees, received a small stipend 
from the National Cancer Institute to prepare the manuscript for publica-
tion and travel expenses to participate in the meeting where this paper was 
discussed.

Affiliations of authors: Department of Health Policy and Management 
(BJW) and Department of Surgery (KBS), University of North Carolina, Chapel 
Hill, NC; Department of Health Communication, RTI International, Research 
Triangle Park, NC (MAL); Applied Research Program, Division of Cancer Control 
and Population Sciences, National Cancer Institute, Bethesda, MD (SBC). D

ow
nloaded from

 https://academ
ic.oup.com

/jncim
ono/article/2012/44/34/946740 by guest on 10 April 2024


