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Evidence-informed health intervention planning that incorporates theoretical and
empirical evidence and engages key stakeholders and community members or patients
in the planning process results in interventions that are more effective. Nevertheless,
exactly how and when to use evidence, theory, and community-based participation
during planning represents a challenge. In this Perspective, we describe Intervention
Mapping (IM), a framework for theory- and evidence-based health promotion program
planning that addresses this challenge by providing a systematic and stepwise approach
to planning interventions. IM has been used to develop health promotion interventions
and implementation strategies in community and clinical settings globally, with over 1000
published articles employing the framework. In this Perspective, we also highlight recent
and innovative applications of IM described in the articles of the Frontiers in Public Health
Special Topic on IM. We conclude by discussing new directions in the application of
IM including novel methods for identifying determinants of behavior and environmental
conditions, the application of IM for planning implementation strategies, and IM for
adaptation of evidence-based programs in new settings.

Keywords: health promotion planning, health promotion theory, intervention mapping, implementation, planning
frameworks

INTRODUCTION

The development of effective health promotion interventions often requires reviews of the relevant
literature, application of theories, collection of new data, and involvement of experts, community
members, and stakeholders in the planning process. Applying information from these varied
sources to inform intervention development presents a challenge for even well-trained health
promotion practitioners. The purpose of this perspective paper is to provide an overview of
Intervention Mapping, a framework for theory- and evidence-based health promotion program
planning, and to highlight examples of applications of IM, as described in the articles of the
Frontiers in Public Health Special Topic on Intervention Mapping publication (1).

IM is a planning framework that provides a systematic process and detailed protocol
for effective, step-by-step decision-making for intervention development, implementation, and
evaluation. It is grounded in community based participatory research methods to ensure that
the intervention matches priority population needs and intervention contexts. IM takes an
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ecological approach to understand health problems and to
intervene at multiple levels (e.g., individual, interpersonal,
organization, and community) and as such guides the
development of multi-level interventions.

IM provides guidelines and tools to ensure health promotion
program is based on empirical evidence and sound theories. IM
is also used for the planning and development of implementation
strategies for program adoption, implementation, and
maintenance (2). Following the IM process results in guidance
and documentation of decisions at each step, charting a
map from the initial steps of recognizing a need or problem
through evaluation and dissemination. Compared to other
protocols in health promotion planning, such as PRECEDE-
PROCEED (3), Behavior Centered Design (4), and COMBI
(5), IM helps planners to apply theories by linking social-
cognitive determinants of behavior to methods for behavior
and environmental change and by linking methods for
behavior change to practical applications that operationalize
these methods.

INTERVENTION MAPPING STEPS

The IM intervention development process has six steps: (1)
Establish a detailed understanding of the health problem, the
population at risk, the behavioral and environmental causes,
and the determinants of these behavioral and environmental
conditions; and, assess available resources; (2) Describe the
behavioral and environmental outcomes, create objectives for
changes in the determinants of behavior and environmental
causes, and specify the targets of the intervention program; (3)
Identify theory- and evidence-based behavior change methods
that influence the determinants and translate these to practical
applications that fit the intervention context; (4) Combine
the intervention components into a coherent program that
uses delivery channels that fit the context; (5) Develop
implementation strategies to facilitate adoption, implementation,
and maintenance of the program; and (6) Plan both process
and outcome evaluation to assess program implementation, and
efficacy or effectiveness (2).

IM thus defines and describes an iterative path from problem
identification to problem solving or mitigation (2). Each of the
six steps comprises several tasks, and completion of these tasks
creates a foundation for the next step. Completion of all six steps
results in a blueprint for designing, implementing, and evaluating
the intervention.

An IM approach is characterized by three perspectives, applied
during the program planning process: participatory planning,
eclectic use of theory, and an ecological and systems approach for
understanding health problems and intervening to address them
(3). Participatory perspectives emphasize equity in decision-
making and community and stakeholder engagement in all
phases of planning (6, 7). From this perspective, all aspects
of decision-making should involve the priority population and
program implementers to ensure that the program adequately
addresses community needs (6, 7). IM provides guidance at each
step for how to do this. Additionally, IM guides the use of theories

to understand the behavioral and environmental causes of health
problems, identify their determinants, and select change methods
to address them. Theories are abstractions of reality and may
provide only partial explanations for understanding the causes
of health problems (8, 9). In program planning, it is unlikely
that one theory can sufficiently explain influences on health and
provide guidance to address the causes. Thus, multiple theories
are often used. IM provides a framework for incorporating
multiple theories during intervention planning (10). Finally, an
ecological and systems perspective recognizes that social and
physical environmental conditions may have an even stronger
impact on behaviors than do factors related to individuals (11).

Below, we describe IM steps and tasks and highlight key
papers on IM that provide examples of how IM has been applied.
Finally, we present new directions and applications for IM in the
field of health promotion and beyond.

Figure 1 shows the six steps of the IM process and their related
tasks, while Figure 2 shows the environmental conditions that
influence individual behavior.

Step 1. Logic Model of the Problem

Step 1, which is based on the PRECEDE model (3), is a careful
description of the problem that will enable intervention planning.
The program-planning group conducts an analysis of health
and quality of life, behaviors, and environmental conditions that
contribute to the health problem directly or to the risk behaviors.
The group also identifies factors (determinants) that influence
the risk behaviors and problematic environmental conditions
contributing to the health problem. This step helps planners
distinguish between behaviors, environmental conditions, and
their determinants, helping them better articulate and document
needed changes and desired outcomes in Step 2.

Step 2. Logic Model of Change

In Step 2, the planning group articulates the desired health
promoting behaviors and environmental conditions. The group
then specifies performance objectives (or sub-behaviors) for the
at-risk group and for those responsible for making changes in the
environment. The planning group sets performance objectives
breaking down each behavior and environmental condition into
subcomponents by answering certain questions: “What does the
person need to do to accomplish the behavior?” and “What does
the environmental agent need to do to create the environmental
change?” They then identify determinants of health-promoting
behaviors and environmental conditions by asking: “Why would
someone do this behavior?” and “Why would someone make this
environmental change?”

To make decisions about salient determinants that should be
targeted with the intervention, IM guides planners through four
core processes (2): (1) involving representatives from the target
population, stakeholders, and implementers in brainstorming in
the planning group; (2) searching through empirical literature
for determinants of behavior or environmental conditions; (3)
identifying and applying pertinent theories on determinants that
influence these; and (4) conducting qualitative and quantitative
research to explore unanswered questions. Using the information
generated, the planning group sets priorities and selects a final list
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Tasks

* Establish and work with a planning group

*» Conduct a needs assessment to create a logic
model of the problem

* Describe the context for the intervention
including the population, setting, and community
« State program goals

« State expected outcomes for behavior and
environment

* Specify performance objectives for behavioral
and environmental outcomes

* Select determinants for behavioral and
environmental outcomes

+ Construct matrices of change objectives

* Create a logic model of change

* Generate program themes, components, scope,
and sequence

* Choose theory- and evidence-based change
methods

* Select or design practical applications to deliver
change methods

Refine program structure and organization
* Prepare plans for program materials

* Draft messages, materials, and protocols
* Pretest, refine, and produce materials

Identify potential program users (implementers,
adopters, and maintainers)

» State outcomes and performance objectives for
program use

+ Construct matrices of change objectives for
program use

* Design implementation interventions
Implementation

» Write effect and process evaluation questions

* Develop indicators and measures for assessment
* Specify the evaluation design

» Complete the evaluation plan

Step
A p

Step 1:
Logic Model of the
Problem

v
Step 2:
Program Outcomes and
Objectives — Logic Model
of Change

v
Step 3:
Program Design

Evaluation
A

Step 4:
Program Production
Step 5:
Program Implementation
Plan

v
Step 6: Evaluation Plan

Implementation
FIGURE 1 | Intervention mapping steps and tasks [Bartholomew-Eldredge et al. (2), chapter 1].

of determinants to target (2, 12). The group then creates a matrix
of change objectives through combining performance objectives
and determinants. These same core processes are use in each step
of the IM process.

IM provides guidance on how to use theory to inform the
development process. Planning groups can identify appropriate
theories by (1) searching the literature on the health topic, (2)
matching ideas from the brainstorming process to theoretical
constructs, and (3) applying frequently used theories (9). The
theories can guide the identification of determinants and,
subsequently, the selection of methods (in Step 3) to influence
these determinants. For example, while answering, “Why would
someone engage in this behavior?” the planning group might
brainstorm, “The person has confidence that he or she could do
it which points to the theoretical construct of “self-efficacy” in
social cognitive theory (13). This labeling of answers to the “why”
question, using theory-based psychosocial constructs, leads to

the selection of appropriate change methods (e.g., modeling) in
Step 3.

Step 3. Program Design

In Step 3, the planning group discusses initial ideas for the
program and selects theory- and evidence-based behavior change
methods based on the determinants that they need to change
(2). A number of systematic reviews and meta-analyses of
health promotion programs show that reasonable use of theory-
based methods increases intervention effectiveness in changing
behavior (14-19). In this step, program objectives are arranged
or grouped by determinants. Theoretical methods that may
help achieve the program objectives are identified, and then
translated into practical applications or strategies. A theory-
based change method is a technique for changing a behavioral
determinant of an individual or environmental agent, while a
practical application is a specific strategy that delivers the method
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Society
‘ Community
“ Organization
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//// Individual
FIGURE 2 | Multilevel factors influencing health.

in a way that fits the needs of the priority group and the program
setting. Some methods can be used for several determinants,
while others work only for a specific determinant (2).

There has been growing interest in systematic descriptions of
health promotion interventions, their theoretical methods,
and the determinants these methods are expected to
change. Abraham and Michie (20), for example, created the
Behavior Change Technique (BCT) taxonomy, used to identify
intervention content (21, 22). Peters et al. (18) nevertheless, note
that BCT taxonomies fail to describe the specific conditions
or requirements that make these methods effective (23). IM,
however, describes the parameters of methods that are essential
for both identifying successful methods in the literature and
for developing intervention components (21). For instance,
modeling is effective only if reinforced and when observers pay
attention, have adequate self-efficacy and skills, identify with
the model, and observe a coping model instead of a mastery
model (13). Each theoretical method has its own conditions
for effectiveness; for example, goal setting is effective only
when the selected goal is challenging but attainable (24). Fear
arousal requires high self-efficacy expectations about behavior
(18), which can be difficult due of the complex nature of most
behavior change settings. Khan et al. (25) described processes
(and their measures) that can be used by communities and local
governments in planning and monitoring environmental and
policy-level interventions for obesity prevention. Mesters et al.
(26) notes, however, that it is often difficult to determine which
components of the programs contribute to the effectiveness of
the health promotion program. Moreover, inadequate reporting
of theory and evidence-informed behavior change methods and
their applications further limits the ability to advance the science
of what works and makes program adaptation challenging. IM
responds to the call for better understanding and reporting of
intervention (27, 28).

Step 4. Program Production

In Step 4, the various applications selected in Step 3 are
organized and produced (2). The program planning group
decides the overall structure, themes, channels, and vehicles

of the program. They design and produce materials that are
culturally relevant and appealing, work with other stakeholders,
and pilot-test the pertinent program elements. The program
planning group is responsible for correctly translating theoretical
methods into practical applications, using the methods’
parameters. To this end, the program planning group and
production professionals (writers, video producers, graphic
artists) must work together to ensure that the final program
products are appealing and accessible as well as reflect the
key methods, practical applications, and messages developed
during the planning process. Step 4 includes pretesting and
ensures the implementation of effective program materials
and program fit with the particular context and population.
Typically, during pretesting, comprehension, attractiveness,
acceptance, believability, motivation, and preliminary
indications of effectiveness are assessed, and recommendations
for improvement are provided. Pretesting should be conducted
after concept and message design and materials development
but before materials are finalized (29, 30). It can be executed
using experimental research designs (31), focus groups, in-depth
interviews, and intercept surveys, among other methods.

Step 5. Program Implementation Plan
Effective health education and promotion programs can lose
their impact if they are not used before desired health impacts
are achieved (32-34). IM provides a systematic process for the
development of implementation strategies either for initial use
of the program or for scale-up and spread of evidence-based
programs already developed and tested. The use of IM to develop
implementation strategies provides for the clear articulation
of the mechanisms contained in these strategies, a gap in
the implementation science literature (35-37). Step 5 guides
the development of implementation approaches, also known
as strategies or interventions. This step guides the planning
group through thinking about adoption, implementation, and
maintenance as well as who has to do what at each of
these stages and why. Understanding the factors that influence
implementation is critical for the selection of methods to address
these factors.

Program implementers are the people who are responsible
for the delivery of the program and can include organizational
leaders responsible for program adoption and maintenance
as well as those responsible for actual delivery of program
materials and activities to participants. For example, nurses will
present programs to patients, and teachers will deliver health
education programs to students. Others in the organization or
setting, even though they are not program implementers, may
be responsible for making decisions about whether or not the
program is adopted and for identifying individuals who will
deliver the program. For example, school principals may not
deliver health education curriculum; however, their support for
program adoption and maintenance is critical.

IM Step 5 can be used not only to plan implementation the
first time a program is developed and used but also can be used
to develop plans for scale up and spread of existing evidence-
based interventions. Program planning groups can address
program implementers’ personal determinants, like knowledge
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and outcome expectations for the program and self-efficacy for
enacting program activities at the individual level with methods,
such as persuasive communication, tailoring, and modeling.
However, implementation almost always involves organizational
change, which means program planning groups also have
to apply methods at environmental levels. Organizational
theory and implementation science frameworks can be used
to understand the determinants and contextual factors that
influence implementation and to guide the selection of methods
that will support program implementation (38, 39).

Step 6. Evaluation Plan

Effect and process evaluation will verify if the objectives
chosen in Steps 2 and 5, respectively, have been reached,
and need to be carefully planned. Previous IM steps help
inform the evaluation plan since behaviors, environments,
their sub-components, and determinants are clearly spelled
out (2). Fernandez et al. (57) describe the use of Intervention
Mapping for planning implementation strategies, a process we
call Implementation Mapping.

INTERVENTION MAPPING IN THE REAL
WORLD

Special-topic authors provide examples of the application of IM
across settings and topics (1). There are several examples of the
use of IM for the development of eHealth interventions. Shegog
and Begley (40), using IM, involved both a diverse planning
group and a patient provider advisory group to develop a decision
support tool (DST) to increase self-management among epilepsy
patients and their care providers. The tool is used to increase
awareness and efficacy of self-management behaviors among
epilepsy patients and their healthcare providers and to improve
communication during clinic visits. The Shegog and Begley
(40) paper includes a table that illustrates the identification
of methods, organized by determinants, and how these were
operationalized, using practical applications of the DST. The
authors demonstrate how the online decision-support system in
this case can include multiple methods and practical applications
to address users’ determinants of self-management.

Potetal. (41) present the application of IM in the development
of a web-based, tailored intervention that promotes HPV
vaccination acceptance. In their study, mothers were the target
group and were systematically involved in the development
process. The mothers were ambivalent about HPV vaccination,
and the intervention focuses on informed decision-making.
The needs, behavioral outcomes, and targeted determinants are
carefully described and include examples, and the full matrices of
change objectives are found in the supplementary materials. The
web intervention combined freedom of choice with tunneling
and virtual assistants who delivered the tailored feedback. The
intervention was pilot-tested, and the implementation plan
focuses on the web-based intervention owners.

Rodriguez et al. (42) and Serra et al. (43) describe
the application of IM in planning interactive multimedia
applications for low-income Hispanics (Mexican Americans and
Puerto Ricans). Rodriguez et al. used IM in the development

of an intervention for parents to increase HPV vaccination in
adolescent girls. The authors also used IM steps to adapt the
intervention and create a module for parents of boys. The authors
select and operationalize methods targeting parents’ decision-
making, with implicit recognition of parameters. They also
describe using IM Step 5 for the development of implementation
strategies (delivery by lay health workers).

Serra et al. (43) applied IM to plan an intervention to
increase colorectal cancer screening (CRCS) in Puerto Rico. The
authors developed a needs and asset assessment that included
a review of factors that influence CRCS among Hispanics,
taking into account the preferences of the target group, and
collected data. They describe objectives at the level of behavior
(performance objectives) and determinants (change objectives).
They identified two overarching methods: entertainment
education and behavioral journalism. The intervention materials
included an interactive tablet-based application, print materials,
an action plan, with a follow-up phone call to determine and
address remaining barriers. As in the Shegog and Begley (40)
and Rodriguez et al. (42) examples, IM helped to identify
determinants, and the interactive tailoring features of the
intervention provided specific messages for users that depended
on their beliefs, knowledge, and identified barriers. Targeting
health care providers directly was not possible, but a patient
activation element (patient-mediated prompts) was added to the
intervention to increase provider reccommendations and referrals
for CRCS.

Fassier et al. (44) describe the use of IM in the development
of an intervention to help breast cancer survivors in France
successfully return to work after treatment. The authors
emphasize the importance of taking an ecological perspective to
planning and note that IM can help identify and document
interpersonal, organizational, community, and societal
influences. They also describe the development of the planning
group, which included a broad array of stakeholders who
helped to identify priorities, and environmental conditions that
influenced the return to work. The paper provides an example
of the use of IM in the early stages of program development to
understand a problem at multiple levels, develop a logic model
of change, and guide assessment.

ten Hoor et al. (45) used IM to develop an intervention
to prevent obesity among Dutch adolescents. Using the
socioecological approach that underlies the IM process, they
identified important contributors to physical activity in the
adolescent’s social context, as based in social determination
and social comparison theories. They also extended the theory
of expanded, extended, and enhanced opportunities (TEO) for
physical activity to include “enriched” opportunities, such as the
incorporation of weight training into the school-based physical
activity program. The paper is an example of how IM can assist
in incorporating elements of different theoretical perspectives to
inform program development.

Vissenberg et al. (46) used IM to develop a social network-
based intervention for diabetes self-management targeted to
Dutch, Surinamese, Moroccan, and Turkish families who live in
the Netherlands. The authors note that underlying the challenges
to self-management behavior among these populations are
cultural factors and socioeconomic status. In line with IM, they
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recommend a greater engagement of the priority populations and
other stakeholders in the planning process. The article provides
an example of a logic model as derived from the IM process.

Mesters et al. (26) used IM to analyze an effective intervention
to promote breastfeeding of infants at risk for asthma. The
authors noted that the literature suggests certain demographic,
biological, and social determinants at three time periods:
prenatal, postnatal initiation, and postnatal continuation. IM was
used to describe performance and to develop change objectives.
Environmental factors included the mother’s partner. Mesters
et al. provide examples of how the process of writing performance
objectives forced program planners to describe in detail the
actions necessary to accomplish behaviors, which ultimately led
to important content and effective strategies that may have
otherwise been omitted, e.g., the inclusion of the mother’s
partner. An evaluation of the program showed that it resulted
in positive behavioral changes, which the authors attributed to
a careful analysis of the determinants and preparation for the
unexpected negative attitudes of others (26).

NEW DIRECTIONS

Although IM provides guidance to identify needs and develop
interventions, additional research and approaches are needed
to more accurately address the questions posed by each of
the steps including the identification of determinants and the
selection of methods. Crutzen et al. (12) describe an approach
for selecting determinants to target in interventions. They
suggest visualization of confidence intervals and correlations.
The authors clearly explain the importance of identifying
determinants. They also note that currently used approaches
for identifying determinants are insufficient. They propose
a confidence interval-based estimation of relevance (CIBER)
approach for selecting determinants to target in an intervention.
In CIBER, the data are visualized as diamond plots. They
presented an MDMA (ecstasy) study, in which four determinants
are discussed, as an example of the use of CIBER. The statistical
tool is available at no cost.

Additional research is needed to build the evidence base for
the effectiveness of certain methods to address determinants.
Peters et al. (18) highlight the limitations of existing taxonomies
of methods derived from the meta-analyses of interventions,
which include misapplied methods without consideration of
parameters, confounding factors such as co-occurring methods,
and the interaction of methods and context. In response, they
propose an “iterative protocol for evidence base accumulation,’
whereby researchers conduct meta-analyses of applied health
behavior change interventions, taking into consideration the
parameters of those methods. This research would then lead
to basic experimental studies that test methods under various
conditions. Meta-analyses of these experiments would then
provide information about which methods are effective and
under which conditions.

IM addresses the growing body of evidence on the influence
of the environmental context on health and health behavior
[e.g., (47)] by providing a robust framework for planning
health interventions that considers various facets of the

environment. Springer et al. (48) explore how health planners
and practitioners can further incorporate the environmental
context of health intervention design through the concept
of health promotion interweaving. Building from theoretical
perspectives rooted in social-ecological models, improvement
science, and systems thinking, this paper advances an
indigenous health intervention development approach that
takes into account the environmental context, to designing
interventions. While IM is specifically structured for the
community and stakeholder involvement, an important
contribution of this paper is its description of theory- and
practice-based interweaving concepts (49, 50) in relation to
specific environments, such as Health in All Policies (policy
environment), environmental print (information environment),
appropriable organization (social/organizational environment),
and shared use agreements (built environment). Springer and
colleagues’ exploration of health promotion interweaving as a
health planning approach promotes greater intentionality for
designing health promotion strategies, practices, programs, and
policies (47, 49, 50).

Using IM to plan implementation strategies has recently
gained attention (37, 51) partly due to the challenges of applying
implementation science theories and framework to inform the
planning process. Highfield et al. (52) describe the use of IM to
develop an implementation intervention to increase adoption,
implementation, and maintenance of an existing evidence-based
program to improve mammography adherence in community
healthcare clinics. The goal was to scale-up the Peace of Mind
Program, which had been previously adapted, using IM (53),
for African American Women served by community clinics. The
authors describe the steps in their process and provide examples
of how implementation science theories and frameworks can
inform the IM process.

Based on the recognition that evidence-based sexual health
education programs are underutilized by school districts, Peskin
etal. (54) used IM to create an online tool to help school districts
to adopt, implement, and maintain evidence-based sexual health
education programs. The authors had previously developed the
Choosing and Maintaining Effective Programs for Sex Education
in Schools (CHAMPS) model. They provide an example of the
use IM for planning implementation interventions. This paper
also provides an example of how IM can be useful in adapting
evidence-based interventions so that they can be delivered
through different platforms.

The use of IM as a tool in implementation science for the
development of implementation strategies is growing (55-57).
Using IM increases the ability to map strategies to specific
barriers and facilitators of implementation, with a particular
focus on the mechanisms and methods that will bring about the
needed changes. Thus, the application of IM in the development
of implementation strategies can address a knowledge and
practice gap in implementation science.

CONCLUSION

IM helps health promoters to develop well-thought-out theory-
and evidence-based programs through the identification of
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key changeable determinants of risk behaviors, the choice of
appropriate intervention methods and applications, and the
development of implementation strategies to ensure use and
dissemination. Although the IM process is described through
its sequential steps, IM is intended to be iterative, and, indeed,
most of the studies presented above describe the IM planning
process this way. Throughout the process, planners gain new
knowledge about the population, determinants, environment,
and/or effective and appropriate methods that sometimes
requires cycling through earlier steps to expand or refine
the program.

The IM protocol assists program-planning groups
to optimize the chances of program effectiveness, and
IM has been utilized widely across multiple health
domains, populations, and settings all over the world.
The use of IM can make health education and health
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When developing an intervention aimed at behavior change, one of the crucial steps in
the development process is to select the most relevant social-cognitive determinants.
These determinants can be seen as the buttons one needs to push to establish behavior
change. Insight into these determinants is needed to select behavior change methods
(i.e., general behavior change techniques that are applied in an intervention) in the devel-
opment process. Therefore, a study on determinants is often conducted as formative
research in the intervention development process. Ideally, all relevant determinants
identified in such a study are addressed by an intervention. However, when developing
a behavior change intervention, there are limits in terms of, for example, resources
available for intervention development and the amount of content that participants of an
intervention can be exposed to. Hence, it is important to select those determinants that
are most relevant to the target behavior as these determinants should be addressed in
an intervention. The aim of the current paper is to introduce a novel approach to select
the most relevant social-cognitive determinants and use them in intervention develop-
ment. This approach is based on visualization of confidence intervals for the means and
correlation coefficients for all determinants simultaneously. This visualization facilitates
comparison, which is necessary when making selections. By means of a case study
on the determinants of using a high dose of 3,4-methylenedioxymethamphetamine
(commonly known as ecstasy), we illustrate this approach. We provide a freely available
tool to facilitate the analyses needed in this approach.

Keywords: determinants, beliefs, behavior change, methods, intervention development, Confidence Interval-
Based Estimation of Relevance

INTRODUCTION

When developing an intervention aimed at behavior change, one of the crucial steps in the develop-
ment process is to select the most relevant determinants (1). In lay terms, these determinants are
the closest approximation to “the buttons one needs to push” to establish behavior change. Insight
into these determinants is needed to select behavior change methods (i.e., general behavior change
techniques that are applied in an intervention) in the development process. The aim of the current
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paper is to introduce a novel approach to select the most relevant
determinants and use them in intervention development.

There are three main types of variables that have an influence
on behavior: environmental, genetic, and psychological variables.
When developing an intervention aimed at behavior change, the
focus is mostly on psychological variables. First, because these
variables are most likely to be changeable by an intervention (2).
Second, because overt behavior results from neural activation
patterns (3). Hence, all overt behavior is necessarily caused by
psychological variables in all conceivable cases except physi-
cal coercion. In other words: all environmental (e.g., social or
physical) and genetic influences on behavior eventually operate
through (and manifest as) psychological variables (4),' of which,
in the context of behavior change, social-cognitive determinants
have received the most attention.

Theories aiming to explain behavior, such as the Reasoned
Action Approach [RAA (5)], the Health Belief Model [HBM
(6)], and the Extended Parallel Process Model [EPPM (7)],
postulate specific social-cognitive determinants and their
relationships to each other and behavior. Each of these theories
applies to specific (antecedents of) behaviors: for example,
the RAA explains reasoned action, the HBM health behavior,
and the EPPM the processing of threatening communication.
This property of theories (i.e., dealing with bounded aspects of
reality) is not a shortcoming, but in line with the definition of
theories as reductions of reality, which is also emphasized by
Occam’s razor (8). This means that to obtain the most exhaus-
tive understanding of which psychological variables determine
a behavior, it will often be necessary to combine several theories
of behavior explanation (9).

Identifying Determinants at Different
Levels of Psychological Aggregation

In intervention planning, this combination of theories informs
the so-called logic model of change (1). Such a logic model con-
tains, for a specific behavior in a specific target population, what
is known about the psychological variables and environmental
conditions that predict the behavior. For each relevant environ-
mental condition, environmental agents who control the condi-
tion are identified, and an intervention may then be developed
for each of them (10). Because targeting those environmental
conditions occurs through targeting the determinants of the
relevant agents, the process of selecting relevant determinants
for environmental agents is comparable to selecting relevant
determinants for the target population (1). It is important to
note that these determinants have a given level of psychological
aggregation. For example, in the RAA, behavior is the highest
level of psychological aggregation (level 1), followed by intention
(level 2), attitude (level 3), experiential attitude (level 4) and
behavioral beliefs (level 5) (5, 9). In other words, determi-
nants of behavior can be organized on the aggregation level
hierarchy in terms of specificity versus generality, and various

'Please note that this does not imply that changes in the environment cannot have
an impact on behaviour, only that this impact operates through psychological
variables (either consciously or unconsciously).

sub-determinants can often be distinguished for any determinant.
For example, behavioral beliefs are sub-determinants of attitude.
In this paper, we use “sub-determinants” to refer to determinants
at a lower level of psychological aggregation.

The overarching determinants at higher levels of general-
ity (e.g., attitude and self-efficacy) are those needed to select
appropriate behavior change methods. Behavior change methods
have different components and are not equally effective for all
determinants. For example, while stimulating enactive mastery
experiences can be used to improve self-efficacy, it is less suitable
to foster attitude change. We refer to Kok et al. (11) for an over-
view of behavior change methods linked to specific determinants.

Sub-determinants formulated at a high level of specificity
(e.g., beliefs in the case of RAA) are crucial when studying
determinants, because those very specific aspects are what
is used in operationalizations and intervention messages.
As operationalizations are stimuli that people process (and
respond to, for example, items in a questionnaire), they need
to have sufficient specificity to relate to real-world phenomena
(e.g., a questionnaire item in ordinary language). Similarly, as
intervention messages will necessarily address more or less
tangible aspects of reality, these, too, are based on sufficiently
specific sub-determinants. For example, even though the RAA
postulates that intention is the most proximal determinant of
behavior, intervention messages mostly concern beliefs underly-
ing, for example, attitude (e.g., “being physical active is enjoy-
able”) or perceived norm (e.g., “X% of people your age adhere to
recommended levels of physical activity”).

Thus, before developing a behavior change intervention, it is
important to establish the determinants and underlying sub-deter-
minants that predict the target behavior. This is an essential part of
the needs assessment, which ultimately results in the logic model
of change, in Intervention Mapping (1) as well as other frame-
works (12). Therefore, a determinant study is often conducted as
formative research in the intervention development process. When
conducting such a study, it is important to include all possible sub-
determinants that might be relevant for the target behavior of the
intervention. Using the core processes (i.e., the processes involved
in understanding a problem or answering a question with empiri-
cal data and theory) is critical to identify sub-determinants at all
levels of aggregation (11). The first step in using the core processes
is to conduct a brainstorm about possible sub-determinants for the
specific behavior and the specific target group. The second step is
to gather evidence from previous empirical studies. It is important
to stress that different (but complementary) types of studies can be
used. For example, while a meta-analysis can provide evidence for
the strength of the association between higher level determinants
(e.g., self-efficacy) and the target behavior, an interview study
can provide more in-depth insight into lower level determinants
(e.g., specific situations in which target population members
exhibit low levels of self-efficacy). The third step is to use insights
from psychological theories (7). The fourth step is to collect new
empirical data that are specific to the target population, context,
and behavior at hand. In this step, different types of studies can be
conducted as well. For example, Peters (13) provides a practical
guide regarding synthesizing previous literature and qualitative
exploration of (sub-)determinants.
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Subsequently, one needs to establish which of the potential
(sub-)determinants are the most relevant given the target behav-
ior, population, and context. This is important because practi-
cal considerations prohibit targeting all (sub-)determinants.
For example, there are limits in terms of resources available
for intervention development and the amount of content that
participants of an intervention can be exposed to. To optimize
intervention effectiveness, the selection of which (sub-)determi-
nants will be targeted by an intervention should be guided by
(sub-)determinant relevance. This paper focuses on establishing
relevance based on data that are collected by means of surveys.

Approaches to Establishing Relevance
Establishing relevance of determinants is a crucial step in the
planning of behavior change interventions; however, as yet, no
guidelines exist for establishing relevance of determinants. Due
to a lack of clear guidelines, a variety of methods is used. For
example, dichotomizing (a determinant of) behavior and then
comparing means of (sub-)determinants; computing correlation
coeflicients for the association between (sub-)determinants and
(a determinant of) behavior; or conducting regression analyses
where (a determinant of) behavior is regressed on relevant (sub-)
determinants [for some examples pertinent to the current subject
matter, see, e.g., Ref. (14-18)]. These approaches combine two
types of analyses: (1) assessing the univariate distribution of each
(sub-)determinant and (2) assessing associations to behavior
and/or determinants of behavior.

Assessing the associations of (sub-)determinants with behav-
ior and/or determinants is important: those sub-determinants
that are not associated to behavior and/or more proximal deter-
minants will often be the least likely candidates to intervene upon.
The univariate distributions are important because bimodal dis-
tributions may be indicative of subgroups, and strongly skewed
distributions have implications for how a (sub-)determinant
should be targeted. For example, if a sub-determinant is positively
associated with behavior but left-skewed, most population mem-
bers already have the desired value, so an intervention developer
will want to reinforce it. Conversely, right-skewed positively
associated sub-determinants imply a need for change, as most
population members do not have the desired value yet. This latter
category of sub-determinants would be more viable intervention
targets, should a choice have to be made: there is more room for
improvement.

Although these conventionally employed analyses have
sensible aims, the analyses employed to achieve those aims are
problematic. Regression analyses, for example, are useful to
obtain a measure of the total explained variance in an outcome
(e.g., R?) based on the sub-determinants included in a model.
However, the regression coeflicients provide little information
as to determinant relevance because they are conditional upon
the other predictors in the specific model (13, 19-21). These
problems are resolved when looking at bivariate associations, but
the common practice of dichotomizing behavior or a proximal
determinant such as intention leads to information loss and
underestimation of variation (22-24). Furthermore, Cohen’s
d point estimates of differences between groups (e.g., intenders
and non-intenders) can vary substantially from sample to sample

(25), rendering them unfit for determinant selection on the basis
of one sample. Although to a lesser extent, the same is true for
estimates of means and correlation coefficients (26). Instead
resorting to basing conclusions on p-values from null hypothesis
significance tests is also widely discouraged (27-31). Using a
frequentist approach, the most widely accepted method would be
to base these decisions on the confidence intervals for the means
and correlation coeflicients.

However, such an approach is problematic because it
requires intervention developers to parse a large amount of
information simultaneously. For each (sub-)determinant, the
univariate distribution and mean, as well the lower and upper
confidence interval bounds would have to be inspected, as
well as the correlation coefficients with behavior and perhaps
a proximal determinant of behavior such as intention, again
together with the lower and upper confidence interval bounds.
Even with only 10 (sub-)determinants, and even if associations
with a proximal determinant are not considered, this would
mean researchers would have to simultaneously evaluate 60
estimates. The main challenge, therefore, is to find a method
of assessing this large amount of information simultaneously.
This is the challenge we aim to undertake with the presently
proposed Confidence Interval-Based Estimation of Relevance
(CIBER) approach.

Confidence Interval-Based Estimation

of Relevance

The presently proposed CIBER approach is based on data visuali-
zation. Visualizing the relevant data has three advantages. First,
visualization enables mapping the data onto spatial dimensions,
facilitating comparison, which is necessary when making selec-
tions. Second, visualization foregoes the seeming accuracy and
objectivity afforded by numbers (32). Given the relative width
of most sampling distributions and the subsequent variation
that occurs in estimates over samples (25, 26), caution in basing
decisions on the exact computed numbers seems prudent. Third,
visualization enables assessing confidence intervals for means in
the context of the raw data.

In the visual representations used in the CIBER approach,
confidence intervals are represented using the diamond shapes
commonly used for the aggregated effect size in meta-analyses
(32). Unlike error bars with whiskers, diamonds do not draw
attention to the confidence interval bounds. They are an efficient
method of representing both the mean and the confidence inter-
val in one shape, allowing both stroke and fill colors, which makes
it possible to use the fill color to further facilitate interpretation,
and the stroke color to identify, for example, which determinant
a shape represents. Another advantage is that it is not easy to
see the exact values of the three estimates represented by the
diamond (the mean and lower an upper confidence bounds).
Although this might not seem like an advantage at first glance,
this lack of clarity is consistent with the estimates’ imprecision
[i.e., their variation from sample to sample (32)]. These diamond
plots are then used to visualize the raw data, the point estimate
and confidence interval for the mean, and the point estimate and
confidence interval for the correlation with behavior and/or one
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or several determinants of behavior. Each (sub-)determinant, the
question used to assess it, as well as the anchors can be shown.
In other words, the CIBER approach acknowledges that
several metrics need to be combined (correlation coefficients,
means, and confidence intervals of both) and interpreted in
order for data to become valuable information. In the next sec-
tion, we will illustrate this approach by means of a case study on
the determinants of using a high dose of 3,4-methylenedioxym-
ethamphetamine (MDMA, commonly known as ecstasy).

CASE STUDY

In the Netherlands, MDMA content of ecstasy pills has gradually
increased (33, 34), and the likely association of dose to risk (35)
warrants intervention efforts to discourage using a high dose of
MDMA. In our illustrations, we will use data collected in a deter-
minant study designed to inform such intervention efforts. This
study is conducted as part of the Party Panel initiative (for more
information, see http://partypanel.eu/info). The full determinant
study will be described elsewhere,? but the most relevant informa-
tion for the current paper is provided here. The materials and
analysis script for this study have been made available at the Open
Science Framework repository at https://osf.io/qf3sq. The data are
under embargo until July 1, 2017, but will then be added to that
repository. These efforts are taken to acknowledge a recent call for
full disclosure to maximize scrutiny, foster accurate replication,
and facilitate future data syntheses (e.g., meta-analyses) (36, 37).

Recruitment, Procedure, Participants,
and Ethical Approval

Participants were recruited through social media posts by
Dutch nightlife prevention campaign Celebrate Safe and partner
organizations and one funded Facebook post. Participation was
voluntary, and no incentive was offered.

Participants visited http://partypanel.nl where they could
open the survey. The survey was developed in LimeSurvey (38)
and hosted on a secure TIER3+ server in the Netherlands. After
providing online informed consent, participants completed the
questions in the survey. These questions were mainly based on
RAA (5). In addition, a number of target population members,
specifically peers from the Amsterdam-based peer education pro-
ject Unity, completed an online questionnaire with open-ended
questions prompting for potential reasons for performing (or not
performing) certain target behaviors (e.g., using a high dose of
MDMA). This questionnaire was designed to approximate a belief
elicitation procedure (5). The resulting beliefs were integrated in
the questionnaire for this study (see Operationalizations).

The data presently analyzed were provided by 227 participants
(all MDMA users, because only they could answer questions
about their MDMA use). Of these, 203 reached the section where
demographics were assessed, where 60% indicated they were
male, 39% female, and 1% did not answer or indicated not iden-
tifying as male or female. The mean age was 25 years (SD = 7.0).

*Peters G-JY, Noijen J. Harder, Better, Faster, Stronger: Informing Behavior Change
Interventions to Discourage Using High Doses of Ecstasy (forthcoming).

Ethical approval was provided by the ethical committee of
the Dutch Open University (the form and the approval letter are
available at https://osf.io/qf3sq).

Operationalizations

All operationalizations (i.e., questions in the survey) were origi-
nally in Dutch. These original questions are available at https://
osf.io/qf3sq and translations will be provided here. Please note
that the term “ecstasy” is used in the translation of the questions
to English and the remainder of this paper, as this more closely
resembles the original questions in Dutch. In this case study,
behavioral beliefs are associated with both attitude and intention.
All questions regarding behavioral beliefs, attitude, and intention
used 7-point response scales with varying anchors per question.
Intention to use a high dose of ecstasy was measured with three
questions assessing what in English could be described as partici-
pants’ intention, motivation, and expectation. The direct measure
of attitude was a semantic differential where participants indi-
cated what they thought about using highly dosed ecstasy pills if
they used ecstasy, on the dimensions bad versus good, unpleasant
versus pleasant, stupid versus smart, unhealthy versus healthy,
and boring versus exciting. The behavioral beliefs, specifically
the expectancies, were measured with a series of 21 items, each
expressing a potential belief about using a high dose of ecstasy.
The items and anchors can be seen in Figure 1.

Output

Figure 1 provides the output following the proposed analytical
approach. The items that were used to assess the behavioral beliefs
(i.e., the sub-determinants in this case study) are shown to the
left of the left hand panel. The anchors of the items are on the
side of the left hand panel. The diamonds in the left hand panel
show the item means with 99.99% confidence intervals. The fill
color of the diamonds is indicative of the item means—the red-
der the diamonds are, the lower the item means; the greener the
diamonds are, the higher the items means (blue denotes means
in the middle of the scale). The dots surrounding the diamonds
show the item scores of all participants with jitter added to
prevent overplotting. The diamonds on the right hand panel
show the association strengths (i.e., correlation coeflicients with
95% confidence intervals) between individual items and deter-
minants at different levels of psychological aggregation (attitude
and intention in this example). The fill color of the diamonds is
indicative of the association strengths and their direction—the
redder the diamonds are, the stronger and more negative the
associations are; the greener the diamonds are, the stronger and
more positive the associations are; the grayer the diamonds are,
the weaker the associations are. The stroke color of the diamonds
(i.e., the “line color”) can be used to differentiate associations
between behavioral beliefs with different determinants (attitude
and intention in this case study). In this example, the diamonds
with a red stroke show the association with attitude, and the
diamonds with a blue stroke show the association with inten-
tion. The confidence intervals of the explained variance (R?) of
attitude and intention based on all behavioral beliefs are depicted
at the top of the figure. The items concerning behavioral beliefs
can also be ranked based on association strengths with a specific
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Means and associations with attitude (R* = [.51; .68]) & intention (R* = [.31; .52])
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FIGURE 1 | Output of case study regarding sub-determinants of attitude and intention to use a high dose of ecstasy. (Diamond fill color in left hand panel is
indicative of items means: the redder the diamonds are, the lower the item means; the greener the diamonds are, the higher the item means. Diamond stroke color
in right hand panel is used to differentiate between determinants. Diamond fill color in right hand panel is indicative of association strengths and their direction: the
redder the diamonds are, the stronger and more negative the associations are; the greener the diamonds are, the stronger and more positive the associations are.).
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determinant. In this example, the items are ranked based on their
association with attitude. It would be overly simplified to use this
ranking to select the most relevant sub-determinants (in this
case behavioral beliefs). Instead, correlation coeflicients, means,
and confidence intervals of both need to be combined to select
behavioral beliefs to be targeted in an intervention.

Sub-Determinant Selection and

Implications for Intervention Content

The procedure to select relevant sub-determinants and what this
implies for intervention content is illustrated by using the visu-
alizations regarding four items depicted in Figure 1. We selected
four items that exhibit different univariate and bivariate patterns.

First, the item “For my health, using a high dose of ecstasy is...
[much worse/much better; item 2 in Figure 1]” This belief has a
strong positive association with attitude and intention. However,
the relevance is relatively low, because the scores on the middle
panel indicate that participants are already convinced that using
a high dose of ecstasy is much worse for their health. If this belief
is targeted in an intervention, then this would mean that the belief
needs to be confirmed, unless it is possible to tailor the interven-
tion message to only target the small subgroup of participants
who are not convinced of the dose/risk relationship.

Second, the item “If T use a high dose of ecstasy, my trip is
more... [mild/intense; item 15]” Although the scores on the mid-
dle panel indicate that participants are convinced that this makes
their trip more intense, the relevance is relatively low, because
this belief is not associated with attitude and very weakly with
intention.

Third, the item “My experience with using a high dose of
ecstasy is... [worse/better; item 1] This belief has a strong
positive association with attitude and intention, and the scores
are on the middle of the scale. This combination makes it a highly
relevant belief. In terms of intervening, this would imply that the
belief that a high dose of ecstasy leads to a better experience needs
to be negated. Other data from this study showed that common
consequences of high doses of ecstasy, such as remembering less,
hallucinating more, and being less sociable, were rated as very
undesirable. This suggests that there may be enough leverage for
a persuasive message that emphasizes the disadvantages of using
a high dose.

Fourth, the item “Do you have as much, more, or less regret
after using a high dose of ecstasy? [much less regret/much more
regret; item 21]” This belief has a strong negative association with
attitude and intention, and the scores are roughly normally dis-
tributed around the middle of the scale. This combination makes
it a highly relevant belief. In terms of intervention, this would
mean that feelings of regret need to be reinforced.

These four examples demonstrate the added value of com-
bining several metrics (correlation coefficients, means, and
confidence intervals of both) by means of visualizations. The next
section is a practical guide on a freely available tool that can be
used to obtain the visualizations needed to apply CIBER.

A Practical Guide to Obtain Visualizations
We implemented this tool as a function in the open source package
“userfriendlyscience” (39) for the open source statistical package

R (40), which is often used in conjunction with the graphical user
interface provided by the open source software RStudio (41). To
use the function, the following commands can be used in an R
analysis script or entered in the R console:

install.packages ('userfriendlyscience') ;

require ('userfriendlyscience');

The first of these commands downloads the package and
installs it. This command only needs to be run once: the package
will remain installed. The second command loads the package in
the current session: this command has to be repeated in every
session where the user wishes to use this package. After loading
the package, the following command can be used to request the
plot to apply CIBER:

CIBER (data = getDatal(),

determinants = c('variablel',

'variable2'

targets = c('behavior', 'intention'));

In this simplest case, the first argument specifies the dataset
to use. In this example, the function “getData” is used to load
a dataset from, for example, an SPSS datafile. The second and
third arguments are used to specify the variable names of the
sub-determinants (which will appear in the rows of the plot) and
the variable names of behavior and potentially other determi-
nants. The associations of the sub-determinants with these latter
variables will be shown in the panel to the right. Of course, more
than two sub-determinants and targets can be specified by adding
more variable names, delimited by commas and each enclosed
in single (or double) quotes. Note that R is case sensitive, so the
variable names have to match those in the datafile exactly.

The function has many optional arguments, the most relevant
ones of which will briefly be listed here (use “?CIBER” to consult
the function’s manual page). “subQuestions,” “leftAnchors,” and
“rightAnchors” can be used to specify the items and anchors that
were used to measure the sub-determinants. Setting “decreasing”
to TRUE or FALSE orders the sub-determinants based on their
means in descending or ascending order, respectively. If a target
variable name is specified in the argument “orderBy;” then the
sub-determinants are ordered by their association to that target
variable instead. We refer to https://osf.io/qf3sq for the specific
arguments used to create Figure 1 and the Supplementary
Material for a general description of the arguments to be specified
when using CIBER. All these optional arguments can be used to
tailor the plots to the specific needs of a study aimed at selecting
relevant sub-determinants.

DISCUSSION

The current paper demonstrates how to select the most relevant
sub-determinants and how this can have an impact on choices
made during intervention development (as demonstrated by the
case study). We have described an analytical approach, denoted
as CIBER, to look at associations between sub-determinants
and (multiple) outcomes (e.g., behavior, but also determinants
at lower levels of psychological aggregation). To facilitate the
implementation of CIBER in future research, we have made an
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easy-to-use tool freely available, and we have described how to
use it in practice. This tool provides the output needed to select
relevant sub-determinants.

However, the utility of the output depends on the quality
of the operationalizations (e.g., questions in the survey). Two
aspects are crucial in ensuring high-quality operationalizations:
(1) identifying all possible sub-determinants that need to be
operationalized (e.g., included in the survey) and (2) making
sure that they are adequately operationalized. With regard to the
first aspect, we refer to the core processes (described in Section
“Identifying Determinants at Different Levels of Psychological
Aggregation”) that are critical to identify sub-determinants at
all levels of aggregation (11). When identifying possible sub-
determinants, it is warranted to be theoretically promiscuous
and to remain critical toward all individual theories (9). After all,
the aim is not to test a specific theory, but to identify all relevant
aspects of the target population’s psychology where it concerns
the behavior at hand (i.e., all possible sub-determinants). Hence,
limiting oneself to only operationalize determinants in any one
theory would be unwise. With regard to the second aspect, it
is good to be aware that data about a determinant are only as
good as its operationalization, and therefore, any theory should
include instructions for operationalization of each determinant
(42). For example, Witte et al. (43) provide a Risk Behavior
Diagnosis Scale that contains skeleton items to be completed
with the target behavior and health threat at hand, such as
“[Recommended response] is effective in pre- venting [health
threat].” Both aspects are essential to ensure utility of the output
when applying CIBER.

Moreover, decisions regarding selection of sub-determinants
cannot be solely based on the output of data analysis (regard-
less of which analytical approach is taken). The output should
be seen as complementary to the expertise of a behavior change
expert (e.g., health psychologist or health promoter). This exper-
tise is needed to choose appropriate behavior change methods
if a certain sub-determinant is selected and to translate these
methods into practical applications (11). For example, provid-
ing stereotype-inconsistent information (i.e., positive examples
from the stigmatized group) is a behavior change method aimed
at reducing stigma. This method is only effective when there
are many different examples, and these examples are not too
discrepant from the original stereotype (11, 44). If providing
stereotype-inconsistent information is operationalized in such
a way that only few different examples are used, people might
think that just one exception is presented. If the examples are too
discrepant, people might deem the information to be irrelevant
regarding their views on the stigmatized group. Expertise regard-
ing parameters for use is crucial to adequately translate behavior
change methods into practical applications.

Behavior change expertise is also needed to make judgments
regarding changeability. Besides relevance, changeability is the
other part of the equation when selecting sub-determinants
during intervention development (1). For example, it is often
assumed that knowledge about a certain behavior is relatively
easy to change in comparison with self-efficacy toward that same
behavior. Whenever possible, judgments regarding changeability
should be based on evidence from the research literature (45).

However, when data regarding changeability are scarce, such
judgments have to rely on a theoretical or conceptual basis.

Finally, using CIBER might result in a large number of relevant
(and changeable) sub-determinants. In practice, however, the
available resources (e.g., time and money) are often limited. This
can have an impact on the quantity and quality of intervention
content that can be developed, but also delivered. The latter is
especially relevant in case there are additional costs per partici-
pant (e.g., delivering an intervention in a face-to-face setting with
a health professional). However, also when the additional costs
per participants are low (e.g., when using an Internet-delivered
intervention), then there are still limits in terms of the amount
of intervention content that participants can be exposed to.
Although intervention content can be delivered in multiple ses-
sions over a longer period of time, this might lead to increased
levels of dropout (46), which also limits exposure to intervention
content. So, besides output of the proposed analytical approach
and behavior change expertise, also practical constraints affect
the ultimate selection of sub-determinants that are targeted in
an intervention.

The proposed analytical approach can be applied at all levels of
psychological aggregation. For example, as explained in Section
“Identifying Determinants at Different Levels of Psychological
Aggregation,” there are five levels of psychological aggregation
in the RAA: behavior (level 1), intention (level 2), attitude
(level 3), experiential attitude (level 4), and behavioral beliefs
(level 5) (5, 9). Investigating associations between, for example,
beliefs and intention/behavior might result in valuable insights,
but also, for example, investigating associations between beliefs
and attitude, or attitude and intention/behavior. The associations
to look at depend on the exact question to be answered. For exam-
ple, if one wants to know what the most relevant determinants
are, then one needs to look at the associations between attitude,
perceived norm, and perceived behavior control (level 3), and
intention (level 2) or behavior (level 1). However, if one wants to
know which beliefs to target in an intervention, then associations
between beliefs (level 5), and intention (level 2) or behavior (level
1) are recommended. In the latter example, determinants such as
attitude or perceived behavior control (level 3) are still important,
because behavior change methods are linked to determinants at
this level (11). For example, some methods are more appropriate
to change attitude (e.g., arguments), while other are more appro-
priate to change perceived behavior control (e.g., guided practice).
The exact content when applying these methods in an interven-
tion, however, depends on the behavioral beliefs and control
beliefs underlying, respectively, attitude and perceived behavioral
control. Associations between beliefs (level 5) and determinants
(level 3) shed more light on the latter. Independent of the levels
of psychological aggregation one is interested in, CIBER can be
applied to select the most relevant sub-determinants.

It needs to be stressed that conclusions regarding relevance of
sub-determinants (e.g., when discussing the results of the case
study presented in this paper) do not imply causality between
sub-determinants and (multiple) outcomes. This is independent
of the analytical approach, but is due to the cross-sectional nature
of the data used in the study at hand. This is in line with the cur-
rent literature that is dominated by cross-sectional determinant

Frontiers in Public Health | www.frontiersin.org

19

July 2017 | Volume 5 | Article 165


http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive

Crutzen et al.

Selecting Determinants

studies (47), although there are also experimental studies avail-
able [e.g., Ref. (48)]. Furthermore, we also do not want to imply
that the associations between sub-determinants and outcomes
are necessarily unidirectional in a theoretical sense. In fact, many
theories assume a reciprocal relationship. For example, Bandura
denotes this as reciprocal determinism in his Social Cognitive
Theory (49). Weiner attributional model, as another example,
indicates that unexpected or negative behavioral outcomes lead a
person to search for causal ascriptions (e.g., specific beliefs) that
can explain the outcomes (50). Longitudinal and experimental
data are needed to test such assumptions.

In sum, CIBER is a useful approach to select the most relevant
social-cognitive determinants, which can be applied across
behavioral domains. Currently, however, CIBER is based on
linear correlations between variables. That means that it can-
not be applied yet to, for example, dichotomous variables. The
underlying idea of the proposed analytical approach (i.e., using
data visualization to combine several metrics regarding univari-
ate distributions and associations), however, can also be applied
to dichotomous variables. Therefore, we intend to continue to
develop CIBER, to enable this in the future. Moreover, we are also
aware of other developments, such as the use of network models
that allow for modeling complex systems of observable items
underlying psychological variables in general (51). These network
models can also be applied to social-cognitive determinants, such
as attitude (52). Within such network models, centrality meas-
ures (e.g., degree centrality and closeness centrality) might give
complementary insights in the relevance of sub-determinants in
relation to each other (53). The aim of this paper, however, was to
demonstrate CIBER, not to compare it with other methods. Future
research might focus on such comparisons and shed light on, for
example, whether network models have added value on top of the
proposed analytical approach. Using CIBER, however, is already
a step forward from commonly used methods (e.g., regression
analyses). To use CIBER, one needs to learn the rudiments of
the statistical package R. However, the function is developed in
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In Texas and across the United States, unintended pregnancy, HIV, and sexually trans-
mitted infections (STIs) among adolescents remain serious public health issues. Sexual
risk-taking behaviors, including early sexual initiation, contribute to these public health
problems. Over 35 sexual health evidence-based programs (EBPs) have been shown
to reduce sexual risk behaviors and/or prevent teen pregnancies or STls. Because
more than half of these EBPs are designed for schools, they could reach and impact
a considerable number of adolescents if implemented in these settings. Most schools
across the U.S. and in Texas, however, do not implement these programs. U.S. school
districts face many barriers to the successful dissemination (i.e., adoption, implemen-
tation, and maintenance) of sexual health EBPs, including lack of knowledge about
EBPs and where to find them, perceived lack of support from school administrators
and parents, lack of guidance regarding the adoption process, competing priorities,
and lack of specialized training on sexual health. Therefore, this paper describes how
we used intervention mapping (Steps 3 and 4, in particular), a systematic design
framework that uses theory, empirical evidence, and input from the community to
develop CHoosing And Maintaining Effective Programs for Sex Education in Schools
(ICHAMPSS), an online decision support system to help school districts adopt, imple-
ment, and maintain sexual health EBPs. Guided by this systematic intervention design
approach, ICHAMPSS has the potential to increase dissemination of sexual health
EBPs in school settings.
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INTRODUCTION

In Texas and across the United States, unintended pregnancy,
HIV, and sexually transmitted infections (STIs) among adoles-
cents remain serious public health issues. In the U.S., the 2015
teen birth rate (among 15- to 19-year-old females) was 22.3 births
per 1,000 (1). Furthermore, national estimates indicate that half
of all new STIs occur among young people between the ages of
15 and 24 (2). Texas has one of the highest teen birth rates in
the nation at 34.6 per 1,000 (3) and currently ranks sixth in the
nation for the estimated number of HIV diagnoses among adults
and adolescents (4). Sexual risk-taking behaviors, including early
sexual initiation (5), are factors that contribute to these high rates
of teen births and HIV/STIs (6-12).

National agencies, including the U.S. Department of Health and
Human Services’ Office of Adolescent Health (13) and National
Campaign to Prevent Teen and Unplanned Pregnancy (14),
have developed online repositories (or lists) of evidence-based
HIV, STI, and teen pregnancy prevention programs [hereafter
referred to as sexual health evidence-based programs (EBPs)].
These programs are designated as evidence-based because they
have been rigorously evaluated (usually in an experimental or
quasi-experimental design) and shown to reduce sexual risk
behaviors (e.g., sexual initiation, contraceptive use, frequency of
sexual activity, and number of sexual partners) and/or prevent
teen pregnancies or STIs (13). Examples of sexual health EBP
categories from these online repositories include abstinence edu-
cation, comprehensive sexual health education (where abstinence
is stressed but information on contraception is also included),
and positive youth development programs. Over 35 sexual health
EBPs are designed for multiple settings (e.g., school, after school,
clinic, and home), but more than half are school based (13).

The broad dissemination of sexual health EBPs in school
settings could reach a considerable number of adolescents and
help adolescents delay sexual initiation and reduce other sexual
behaviors that increase their risk for unintended pregnancy,
HIV, and STIs (15, 16). Dissemination is often used to describe
the adoption, implementation, and maintenance process for the
delivery of a new innovation. A sexual health EBP is an “innova-
tion” because it may be “perceived as new by an individual or
unit of adoption” (17). Adoption refers to the decision to use a
particular innovation (17, 18). Implementation refers to the
process of program use, often measured in terms of general use,
completeness (how much of the program is taught), and fidelity
(adherence to core program elements) (19, 20). Maintenance, or
institutionalization, refers to the process whereby a program is
integrated fully into the practices and activities of an organization
(21, 22).

Most school districts across the U.S. and in Texas do not adopt
and implement sexual health EBPs (15, 23, 24). In Texas, there are
many individual- and school district-level barriers that impede
dissemination of these programs (and non-EBPs), including lack
of knowledge about EBPs and where to find them, perceived
lack of support from school administrators and parents, lack of
guidance regarding the adoption process, competing priorities,
lack of specialized training on sexual health, misinterpretation of
state sexual education policies, and removal of health education

as a graduation requirement (24-26). Many of these barriers are
present nationally as well (27-29).

Many dissemination models for EBPs have been developed
for various health topics, and some have been applied for sexual
health (30-40). These models have some limitations, however,
and have not been particularly successful in helping school
districts disseminate sexual health EBPs. First, existing models
provide guidance for adopting and implementing EBPs in
community settings rather than school settings. Consequently,
these models may be less helpful to school districts that are
often characterized by complex organizational structures and
decision-making processes (41-43). This complexity can make
it challenging, in particular, for program administrators, teach-
ers, and other stakeholders to use EBPs in schools. Examples
of such tasks include getting district-level approval to adopt
and implement the program, competing against other district
priorities (e.g., standardized testing), and coordinating imple-
mentation across several campuses that have a diverse set of
resources. Second, most models (e.g., ADAPT-ITT, McKleroy
et al’s framework) (35, 36) stress adaptation of EBPs to fit the
target population’s needs and culture, which may not be practical
for school districts, versus replication of EBPs. Program adapta-
tion requires knowledge of how to balance intervention fit with
program fidelity (44), as well as sufficient time and resources
to pilot test the adaptation (35, 36, 44), which many school
districts often lack. In addition, because of the sensitive nature
of the topic, an adaptation to a sexual health EBP that is improp-
erly conducted could potentially negatively impact students.
Subsequently, a program that is not properly adapted may not
produce the same results as the original EBP (44). Thus, a more
practical option for school districts may be to replicate an EBP
with fidelity. Third, previous models (e.g., RE-AIM, Getting to
Outcomes) (30, 38) provide theoretical guidance on what needs
to be accomplished to adopt, implement, and maintain EBPs
(or change some general behavior, as in the transtheoretical
model) (39), but they do not give step-by-step direction on how
to complete these tasks, particularly in school settings. This type
of practical guidance is critical for the successful dissemination
of sexual health EBPs in complex school settings.

To overcome limitations of these previous dissemination
models, we used intervention mapping (IM), a six-step system-
atic process that uses theory, empirical evidence, and community
input (44) to develop the CHoosing And Maintaining Effective
Programs for Sex Education in Schools (CHAMPSS) Model.
Specifically, we used IM Step 1 (conduct logic model of the problem,
including needs assessment) and Step 2 (develop matrices of change
objectives for each behavioral outcome) to develop the model.
The development of the model using these IM steps has been
described in detail elsewhere (25). Briefly, we developed three
matrices for three behavioral outcomes—adopt, implement, and
maintain—which ultimately informed the development of the
CHAMPSS Model described below and in Figures 1 and 2. As an
example, a partial IM matrix for the adopt behavioral outcome is
provided in Table 1.

The CHAMPSS Model comprises three phases: “adop-
tion,” “implementation,” and “maintenance” and seven steps:
“prioritize,” “assess,” “select,” “approve,” “prepare,” “implement,’
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and “maintain” A core element is “Getting Others on Board”
(i.e., connecting with other supporters of EBPs and adolescent
sexual health), which extendsacrossall seven steps (Figure 1). Akin
to some previous models (e.g., RE-AIM, Getting to Outcomes)
(30, 38), the CHAMPSS Model is circular because school district

Maintain Prioritize

Assess

Implement

Prepare Select

Approve

FIGURE 1 | The CHoosing And Maintaining Effective Programs for Sex
Education in Schools Model.

stakeholders may enter the model at any step, depending on their
readiness. Furthermore, school district stakeholders may complete
one step but then realize that they need to go back to a previous
step. A unique feature of the model, though, is the corresponding
list of prescribed critical tasks that must be accomplished to com-
plete a step (Figure 2). As an example, the performance objectives
(PO) (sub-steps required to complete each behavioral outcome)
(44) in Table 1 informed the development of the prioritize, assess,
select, and approve steps and associated critical tasks within the
CHAMPSS Model adoption phase in Figure 2.

Key stakeholders, who have the authority and ability to adopt,
implement, and maintain sexual health EBPs in the school
setting, are included throughout the CHAMPSS Model (25).
Key adopter stakeholders may include members of the school
district’s Board of Trustees (who vote to approve adoption of
a sexual health EBP in the school district) and School Health
Advisory Committee (SHAC, a school district subcommittee
which includes parents—required by law in Texas—and makes
health-related program recommendations to the school board)
(45). Key implementers may include individuals at the school
district level (e.g., a district curriculum coordinator) and at the
local school level (e.g., principals, school curriculum coordina-
tors, and teachers). Individuals responsible for maintaining
implementation of a sexual health EBP may include district and
school curriculum coordinators. In addition, any other person
who is interested in and committed to supporting the dissemina-
tion of a sexual health EBP (a “sexual health advocate”) can be an
adopter, implementer, or maintainer.

The CHAMPSS Model overcomes limitations of previous
dissemination models because it specifically targets school
district stakeholders; stresses replication with fidelity; and
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FIGURE 2 | Steps and critical tasks for each phase in the CHoosing And Maintaining Effective Programs for Sex Education in Schools Model.
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TABLE 1 | Partial intervention mapping Step 2 matrix of change objectives for adopt behavioral outcome?: school district board members will adopt (i.e., vote to approve) a sexual health evidence-based

program (EBP).

Determinants©*

Performance objectives (PO)®

Awareness/knowledge (A/K)

Attitudes (A)

Skills and self-efficacy (SSE)

Outcome expectations (OE)

Perceived norms (PN)

PO.1. Sexual health advocate wil
attend a School Health Advisory
Committee (SHAC) meeting when
discussions of adolescent sexual
health education are taking place

A/K.1.a. Identify chair of SHAC to obtain
SHAC meeting schedule

A.1.a Describe effort

to

attend SHAC meetings

and to collaborate wi

the SHAC as essential to

adopting an EBP

th

OE.1.a. State that attending
SHAC meetings when sexual
health education is discussed will
lead to increased knowledge of
current sexual health education
practices and opportunity

to advocate for EBPs in his/

her district. OE.1.b. State that
attending SHAC meetings
when sexual health education is
discussed will lead to increased
support for EBPs in his/her
district

PN.1.a. Recognize that other
sexual health advocates attend
SHAC meetings in decision
making of sexual health curricula

PO.4. Sexual health advocate wil

engage his/her SHAC on sexual health
education by including sexual health
education on a SHAC meeting agenda

A/K.4.a. Describe the steps needed
to include an item on a SHAC meeting
agenda

A.4.a. Feel positive about

including sexual health

education on the SHAC

meeting agenda

SSE.4.a. Feel confident in

ability to include sexual health
education on the SHAC meeting
agenda

OE.4.a. Believe that including
sexual health education on the
SHAC meeting agenda will result
in greater SHAC engagement on
sexual health education

PN.4.a. Believe other sexual
health advocates engage
their SHACs on sexual health
education by including sexual
health education on a SHAC
agenda

PO.5. SHAC will review current data
and statistics on teen pregnancy and
HIV/sexually transmitted infection (STI)

in its district/school

A/K.5.a. List resources where current data
and statistics can be obtained, and do so

A/K.5.b. Summarize sexual behavior,
HIV, STI, and pregnancy statistics among
students

A.5.a. Describe review
time as necessary and

important

A.5.b. Believe sexual
health education is
a priority for his/her
school district

SSE.5.a. Demonstrate ability to
find statistics related to sexual
health in his/her city/district

SSE.5.b. Correctly interpret
statistics related to sexual health

SSE.5.c. Feel confident in
interpreting sexual behavior, HIV,
STI, and pregnancy statistics

OE.5.a. Expect that evaluating
student statistics of HIV, STI, and
pregnancy will result in a better
understanding of the needs and
priorities regarding sexual health
education in the district

PN.5.a. Recognize that other
districts and their own students,
families, teachers, and principals
see teen pregnancy, HIV, and
STls as a problem that needs to
be addressed

PN.5.b. Perceives that other
districts are reviewing most
current data to identify the
need for effective sexual health
education

PO7. SHAC will identify the goals,
target population, and desired

outcomes regarding middle and high

school (adolescent) sexual health
education

A/K.3.a. List the health learning objectives
(TEKS) for middle and high school
students by grade level

A/K.3.b. Describe desired students (age,
ethnicity, and gender) to participate in a
curriculum

A/K.3.c. List desired goals (e.g., reduce
teen pregnancy/HIV/STls, decrease
dropout rates, increase academic
performance)

A.7.a. Describe
identifying goals and
target population as

necessary and important

to student health

SSE.3.a. Demonstrate ability to
create effective goals for sexual
health education

SSE.3.b. Feel confident

in identifying goals, target
population, and outcomes for
sexual health education in his/
her district

OE.3.a. Expect that identifying
goals and target population

will help lead to a reduction in
adolescent and teen HIV/STI/
pregnancy, decrease dropout
rates, and increase academic
performance among students

OE.3.b. Describe how identifying
goals, target population, and
desired outcomes will help
identify the most appropriate
EBP that will fit the needs of the
district

PN.7.a. Recognize that school
board, superintendents,
principals, teachers, and parents
share these goals and desired
outcomes
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TABLE 1 | Continued

Determinants®*

Performance objectives (PO)®

Awareness/knowledge (A/K)

Attitudes (A)

Skills and self-efficacy (SSE)

Outcome expectations (OE)

Perceived norms (PN)

PO.8. SHAC will review current
state/district/school policy regarding
adolescent sexual health education

A/K.8.a. Obtain and describe state policy
on middle school sexual health education

A/K.8.b. Obtain and describe district

policy on middle school sexual health
education

A/K.8.c. Obtain and describe individual
school policies on middle school sexual
health education

A.8.a. Feels positive
about reviewing state/
district/school policy
regarding sexual health
education

SSE.8.a. Summarize the
state/district/school policy for
sexual health education and
implications for implementing
an EBP

SSE.8.b. Feel confident in
interpreting state/district/school
policy regarding sexual health
education

OE.8.a. Describe how reviewing
state/district/school policies will

result in adopting an EBP that is
in accordance with district policy

PN.8.a. recognizes that other
district ally and sexual health
advocates are reviewing current
policy and making sure it reflects
what is necessary given current
statistics

PO.11. SHAC will determine if the
district is currently implementing a
pregnancy/HIV/STI curriculum(s) and
if so, will review and assess whether
the curriculum(s) is evidence-based
and meets the identified goals and
objectives

A/K.11.a. Describe what an EBP is (has

program evaluations that are experimental

in nature, participants are randomly

assigned to treatment and control groups,

focus on changes in the behavior of
program participants, etc.)

A/K.11.b. List advantages of EBPs and
why they are important to implement

A.11.a. Feel positive
about EBPs

SSE.11.a. Demonstrate ability
to identify EBPs when presented
with a non-EBP

SSE.11.b. Feel confident in
identifying EBPs

OE.11.a. State that EBPS
will lead to desired behavioral
change among students

PN.11.a. Believe that other
districts are changing to EBPs,
which are important for student
behavior change

PO.12. SHAC will review and evaluate
evidence-based pregnancy and HIV/
STI prevention program(s) available

to the school district that meet the
goals, target population, and desired
outcomes

PO.12.a. SHAC will find EBPs

A/K.12a.a. Describe where to find EBPs

A.12a.a. Feel positive
about finding EBPs

SSE.12a.a. List EBPs

SSE.12a.b. Feel confident in
finding EBPs

PO.13. SHAC will elicit support of
potential EBPs with other district
sexual health advocates, principals,
parents, and community members,
discussing feasibility and resources
required

A/K.13.a. List strategies for obtaining
support for EBP adoption

A/K.13.b. List barriers that may derail
support

A/K.13.c. List possible strategies for
overcoming adoption barriers

A.13.a. Feel positive
about eliciting support
and overcoming barriers

SSE.13.a. Demonstrate ability
to use strategies for increasing
support of EBPs

SSE.13.b. Feel confident in
eliciting community support for
EBPs

OE.13.a. State that endorsement
of EBPs by key stakeholders

will lead to increased probability
of adoption of EBPs by district/
school leaders

PN.13.a. Recognize that other
SHACSs have overcome these
obstacles and successfully
elicited support for such
programs

PO.14. SHAC members will create
and present a position statement/
paper with recommendations for
sexual health education in their district,
including recommending school board
approval of curriculum(s)

A/K.14.a. List components of an effective
statement/position paper

A/K.14.b. List recommended EBP(s) for
school board approval

A/K.14.c. List effective strategies for
presenting the recommended EBP(s) to

the school board (e.g., formal presentation

at a board meeting)

A.14.a. Feel positive
about recommending an
EBP program to school
board

SSE.14.a. Demonstrate ability to
write components of a position
statement

SSE.14.b. Demonstrate ability
to develop a presentation for
school board

SSE.14.c. Feels confident

in recommending EBP to
School board through position
statement and presentation

OE.14.a. Describe how creating
a position statement may lead to
increased support for selected
EBP by school board

OE.14.b. Describe how giving a
presentation to the school board
regarding recommended EBP(s)
will lead to an opportunity to
advocate for the selected EBP(s)

PN.14.a. Believe other SHACs
create position statements
with recommendations to
school board for EBPs
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provides detailed, step-by-step instructions that include realistic
tasks for school district stakeholders to accomplish in each step
of the model (25). Although the CHAMPSS Model provides
a useful guiding framework for school district stakeholders,
we envisioned the development of an online decision support
system that further operationalizes the steps of the model. This
online decision support system would specifically guide users
through the prescribed critical tasks within the CHAMPSS
Model, provide resources and skills specific to each task, provide
technical assistance to help overcome barriers, and foster link-
ages with users in other school districts. Thus, the purpose of this
“Methods” paper is to describe how we used IM Steps 3, Program
Design, and 4, Program Production, to develop this online deci-
sion support system, ultimately named iCHAMPSS (so named
because it was the interactive version of the CHAMPSS Model).

Perceived norms (PN)
PN.16.a. Notes that other
districts are adopting EBPs,
which are important for student
behavior change

METHODS

The iCHAMPSS development group was an academic-commu-
nity-health department collaboration that was formed during the
development of the CHAMPSS Model (25). Group members com-
prised study investigators (epidemiologists, behavioral scientists,
psychologists); masters-level staff trained in public health; county
health department representatives; and the “CHAMPSS Group,” a
group of school-based community stakeholders who themselves
adopted the name of the model. Briefly, the CHAMPSS Group
comprised individuals from a subgroup of the Harris County
School Health Leadership Group that was convened by the Harris
County Public Health department. This subgroup included 22
members and was formed to specifically help school districts in
Harris County adopt and implement sexual health EBPs. Members
of the CHAMPSS Group represented 15 area school districts
and included parents, nurses, science curriculum coordinators,
and SHAC representatives. The CHAMPSS Group met together
bimonthly; study investigators and/or staff often presented at
their meetings to provide skills related to using and implementing
sexual health EBPs (e.g., developing program objectives, finding
data on adolescent sexual health, and assessing parental support
for EBPs) as well as to garner buy-in and input for iCHAMPSS
intervention development. By working with the CHAMPSS
Group, we hoped to ensure the development of a user-friendly
and useful online decision support system for school districts.
To develop iCHAMPSS, the development group completed
Steps 3 (Program Design) and 4 (Program Production) of IM
(44). In Step 3, we used theory and empirical evidence to (a)
identify intervention delivery vehicles and program themes; (b)
identify theoretical methods and practical applications for each
group of change objectives, organized by determinants, for each
behavioral outcome; and (c) draft a program scope and sequence.
According to Bartholomew and colleagues, “a theory- and
evidence-based change method is a general technique for influ-
encing the determinants of behaviors...” Practical applications
include the intervention strategies used to operationalize those
methods. It was also important to specify the “parameters” or
situations under which a method is used appropriately. In Step 4,
we used our methods and applications from Step 3 to (a) refine
the iCHAMPSS program structure and organization; (b) prepare

Outcome expectations (OE)

Determinantse<
Skills and self-efficacy (SSE)

A.16.a. Feels positive
about adopting an EBP

Attitudes (A)

A/K.16.a. Describe process for school
A/K.16.b. List recommended EBPs

Awareness/knowledge (A/K)
approved

9Change objectives are written where rows and columns intersect and ask the question “What needs to change in determinant ‘X’ for an individual to do PO 'Y’ (44).” There may be more than one change objective per cell (designated

PPOs are the sub-steps required to complete the behavioral outcome; informed the development of the prioritize (PO 1, 4), assess (PO 5, 7, 8), select (PO 7, 11, 12, 13), and approve (PO 4, 16) steps and associated critical tasks
as a, b, etc.).

within the CHAMPSS Model adoption phase in Figure 2.
“Determinants are identified from theory and empirical evidence for the behavioral outcome and POs.

aThis matrix informed the development of the CHAMPSS Model adoption phase in Figure 1.

adopt (an) evidence-based pregnancy board approval

Performance objectives (PO)®
PO.16. School board members will
and HIV/STI prevention program(s)

TABLE 1 | Continued
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plans for program materials; (c) draft messages, materials, and
protocols; and (d) pretest, refine, and produce materials. This
study was approved by the University of Texas Health Science
Center at Houston Institutional Review Board.

RESULTS
Step 3: Program Design

Program Delivery Vehicle and Theme

As part of the initial design process for iCHAMPSS, we first
identified the delivery vehicle by which we would operationalize
the CHAMPSS Model. Early on, during IM Steps 1 and 2, we
had decided that we would use the Internet to create an online
decision support system to accomplish this task. The Internet
is widely used to transmit information, and members of the
CHAMPSS Group agreed that a website would be the most
efficient way to provide access to the iCHAMPSS tools and
resources. Furthermore, the Internet has been widely used to dis-
seminate information about sexual health EBPs (13, 14), although
this information predominantly focuses on describing EBPs, pro-
viding program materials, and linking users to training resources.
In addition, other online decision support systems have been
designed to help health care providers make decisions regarding
their patients’ symptoms and treatment plans within the clinical
arena (46, 47). Recently, for example, an online decision support
system was developed in Canada to promote the use of research
evidence to inform decisions regarding public health (48). We
also identified a program theme for the online decision support
system, which was to be a sexual health advocate, or champion,
for the dissemination of sexual health EBPs by school districts.
Finally, we created an iCHAMPSS logo, which incorporated
the round CHAMPSS Model, and the byline of the iCHAMPSS
website (which appears on every web page) is “CHoosing And
Maintaining Effective Programs for Sex Education in Schools.”

Methods and Practical Applications

To begin the process of developing specific activities for
iCHAMPSS, we identified methods, parameters, and practical
applications. We used several behavioral science theories, includ-
ing theories of information processing (44, 49), social cognitive
theory (44, 50, 51), and diffusion of innovations (17) to identify
specific methods for each group of change objectives, organized
by determinants, for each behavioral outcome. Table 2 provides
examples of methods, parameters, and practical applications for
each critical task from the CHAMPSS Model adoption phase-
select step (informed by the adopt behavioral outcome matrix
provided in Table 1). For example, in task 1 (identify the target
population), theories of information processing (44, 49) informed
our use of elaboration as a theoretical method to influence change
objectives associated with increasing awareness and knowledge
related to describing the target population (age, ethnicity, and
gender) for the EBP curriculum (change objectives A/K.7.b).
In addition, modeling from social cognitive theory (44, 50, 51)
was used to help promote more favorable attitudes and outcome
expectations (OE) related to identifying the target population
(change objectives A.7.a, OE.7.a, OE.7.b).

Next, we brainstormed practical applications that would cor-
respond to each theoretical method. For elaboration (theoretical
method), we included a video/animated tutorial by an expert on
selecting EBPs that covered identifying the target population for
desired outcomes (practical application). Experts were members
of the iCHAMPSS development group who were personal, moti-
vating, understandable, and relevant to each school district, which
were parameters for elaboration. To change attitudes and OE
using modeling (theoretical method), we recommended a video-
based testimonial of SHAC members and other school personnel
discussing how and why they selected the target population for
their school district (practical application). Models were similar
to potential iICHAMPSS users (and, thus, relatable), explained the
specific steps they used to overcome challenges, and expressed
receiving reinforcement for their decisions (44), which were all
parameters for modeling. Table 2 (first five columns) provides
additional examples of the methods, parameters, and practical
applications for the five critical tasks from the CHAMPSS Model
adoption phase-select step (Figure 2), organized by determinants
and change objectives from Table 1.

We also solicited input on other practical applications
from the CHAMPSS Group. CHAMPSS Group members, in
particular, requested a discussion forum to learn about what
other school districts were doing. This suggestion corresponds
to the method of interpersonal networking, which has been
shown to facilitate adoption of effective programs by later users
(17,52, 53). CHAMPSS Group members also requested custom-
izable templates that they could use, such as needs assessment
and program evaluation forms, as well as tips sheets on engaging
administrators, school board members, and others in getting
district support for sexual health EBPs. These practical applica-
tions correspond to the method of facilitation from social cogni-
tive theory (44, 50). The “Stage Your District” tool was another
practical application suggested by the CHAMPSS Group. The
original concept for this tool came from our partner at Harris
County Public Health who had developed a simple four-question
worksheet that would allow districts to determine in which stage
of the CHAMPSS Model they were, indicating their level of
readiness to adopt, implement, or maintain sexual health EBPs.
At the beginning of every CHAMPSS Group meeting, members
would stage themselves informally in the CHAMPSS Model,
which they found useful for staying on track and monitoring
progress. The “Stage Your District” practical application cor-
responds to the method of tailoring from the transtheoretical
model (39, 44).

After examining the list of practical applications for all
CHAMPSS Model critical tasks, organized by determinants and
change objectives from each matrix, we identified some com-
monalities in the types of applications being proposed. These
common practical applications included step overviews, success
stories (videos/testimonials), facts and tips, helpful Internet links
to outside resources, and templates. Next, we organized the list of
practical applications by specific topical areas (e.g., sexual health
priority, needs assessment, state law, and SHACs) to narrow the
list and determine if there was any overlap among applications.
These practical applications became known as the five types of
“tools” available in iCHAMPSS. Table 2 (sixth column) provides
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TABLE 2 | Partial intervention mapping Steps 3 and 4: identifying methods, parameters, practical applications, tool types, and example messages for each critical task from the CHAMPSS Model adoption phase-

select step.

CHAMPSS
Model critical
tasks?®

Determinants and Methods®
change objectives®

Parameters®

iICHAMPSS practical application®

iICHAMPSS tool type

Example messages in iCHAMPSS

1. Identify Awareness/ Elaboration Messages must be personal, — Video/animated tutorial by an expert on selecting ~ Step overview “Step overview”: “...what population
your target knowledge (A/K.3.b) understandable, and highly EBPs that covers identifying target population for Templates do you want to serve? Select a
population relevant for users, individuals desired outcomes program that was tested among
must be motivated to receive _ Recommendation letter to school board which alsirrlwilar population to tlhat in your
messages includes identified target population d|str|(?t. IF will be more likely to have
Attitudes and Persuasive Messages must be relevant, not a S|m|lalr |mlpact o? your S“,‘dems-
outcome communication  too dissimilar from user, often ~ Video testimonials of School Health Advisory Determme if there's a certgln SC,hOd
expectations (OF) repetitive Committee (SHAC) members and other school or a particular grlade levelin Wh'd]
(A7.a, OE.3.a, Modeling Model must be relatable, personnel disgussing hoyv/\{vhy they selected the teeﬂ pregnan?y If r:wost prévlallent
OE.3.b) describe specific steps or skills, target population for their district Success stories Success stories”: “... our |n|t|§| goal
and receive reinforcement was to haye aprogram from sixth
through ninth grade... we figured
if we can get them in seventh and
eighth grade, we can kind of nip
some of the risky behaviors in the bud
before they have that transition over
the summer as eighth graders going
to ninth grade and then starting their
freshman year in high school”
2. |dentify your  Awareness/ Elaboration Messages must be personal, — Video/animated tutorial by an expert on Step overview Helpful links: Centers for Disease
goals and knowledge (A/K.3.a, understandable, and highly selecting EBPs that covers setting goals Templates Control and Prevention—
objectives A/K.3.0) relevant for users, individuals _ Recommendation letter to school board which Communities of Practice—SMART
Skills and self- must be motivated to receive includes identified goals Objectives Template
efficacy (SSE) messages Helpful links Download this “SMART Objectives
(SSE.3.a, SSe.3.b)  Goal-setting Being committed to achieving — Internet links to interactive exercises on Template” from the Centers of
Attitudes OF goals identifying and creating goals and objectives Disease Control to q”ic‘fl.y develop
Percaived norms Persuasive Messages must be relevant, not - Video testimonials of school personnel discussing ~ Success Stories \;/::arstvrvanszaAc?-i;\(/Sa%?gIffe’alistic
communication  too dissimilar from user, often the goals and objectives their district identified ’ ' ’
(PN) (A.7.a, OE.3.4, o time-bound) objectives (http://www.
OE.3.b, PN.7.a) repetitive d /oh ities/ Kit/
cdc.gov/phcommunities/resourceki
Modeling Model must be relatable, evaluate/smart_objectives.html)
describe specific steps or skills,
and receive reinforcement
3. Assess if your Awareness/ Elaboration Messages must be personal, — Video/animated tutorial by an expert on selecting  Step overview “Step overview”: “Are any sexual
current program  knowledge understandable, and highly EBPs that covers how to assess whether a health education programs currently

is evidence
based

(AK.11.a, A/K.11.D)

relevant for users, individuals
must be motivated to receive
messages

district’s current program is evidence based
— Internet links to national lists of sexual health
EBPs

Helpful links

used in your district on the list?

A program may be labeled as
evidence-based or a vendor may
have told you the program has
evidence but if it's not on the list it's
probably not evidence based”
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TABLE 2 | Continued

CHAMPSS Determinants and Methods® Parameters® iCHAMPSS practical application® iCHAMPSS tool type Example messages in iCHAMPSS
Model critical change objectives®
tasks®
4. Select an Awareness/ Elaboration Messages must be personal, — Video/animated tutorial by an expert on Step overview From “Smart Program Shopping”
evidence-based knowledge understandable, and highly selecting EBPs that covers where to find EBPs facts and tips
program (EBP) (WK.12a3) relevant for ulsers, |nd|V|du§|s — Fact sheet on characteristics of EBPs Facts and tips Select a sexual health education
SSE (SSE11.a, must be motivated to receive program ifit...
SSE.11.b, . messalges ‘ — Fact sheet gn how to interact with non-EBP Facts and tips _ I listed on a respected registry for
SSE.12a.a, Techmcal Must fit the user’s needs vendors (being a smart shopper) EBPs (e.g., Office of Adolescent
SSE.12a.b) assistance — Internet links to national lists of EBPs that provide Health, National Campaign to
Attitudes OE Persuasive Messages must be relevant, guidance on how to select the best EBP for one’s Prevent Teen and Unplanned
PN (A.11.a, OE.11.4, communication ~ not too dis.si.milar from user, setting Pregnancy)
PN.11.a, A.12a.a) often repetitive . . . Helpful Links — Was tested among a population
Modeling Model must be relatable - Video testimonials of SHAC members and other with similar demographics to those
) o o district why EBPs are beneficial and important o
describe specific steps or skills, of your district or school (e.g.,
and receive reinforcement gender, race/ethnicity, grade)
— Was effective in changing the
behaviors you want to target (e.g.,
delay sexual initiation, increase
condom or contraceptive use)
Success stories — Meets your district or school’s
goals and objectives
- Reflects values consistent with
those in your district or school
5. Generate Attitudes OE Persuasive Messages must be relevant, — Video testimonials of SHAC members and Success stories “Success Stories”: “...And what
support for PN (A.13.3, OE.13., communication  not too dissimilar from user, other district parents/personnel describing how I've learned is that if you address
EBPs PN.13.3) often repetitive they get support for EBPs these issues that are potentially
SSE Modeling Model must be relatable, — Skills and tips on communicating effectively with Facts and tips controversial in a \./ery strallghtforwtard
(SSE.13.a, d ; o ) manner you have information readily
SSE.13.0) escnbe'spec!ﬂc steps or skills, others available for people who have
and receive reinforcement — Practice worksheet for analyzing key audiences Templates questions. You're able to rebut any
Shifting Model must be able to take the for messaging on EBPs myths that come up quickly. And to
perspective perspective of the learner have an external resource that can
Technical Must fit the user's needs help you as well in answering those
assistance questions—an expert, someone who

can also give data about the reality
for kids who don’t get this information
and just being pretty frank and up
front and not stopping your march
forward just because you're afraid
that something negative is going to
occur”

aFrom Figure 2.

bDeterminants and changes objectives from the adopt behavioral outcome matrix in Table 1.
°A theory-and evidence-based method “is a general technique for influencing the determinants of behaviors...”; parameters refer to the situations under which a method is used appropriately; practical applications include the

intervention strategies used to operationalize those methods (44).
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an example of how the tool types were matched to practical
applications.

Scope and Sequence

We described the scope and sequence of iCHAMPSS as self-
directed and self-paced. However, we recommended that users
(e.g., school district stakeholders) first complete the staging
tool, “Stage Your District,” which would direct them to specific
tools based on their level of readiness to adopt, implement, or
maintain sexual health EBPs. Message tailoring is recognized as
a crucial element in the creation of effective interactive health
promotion programs (54). iCHAMPSS was also designed to
allow users from any step of the CHAMPSS Model the flexibility
to use whichever iCHAMPSS tools they deem most appropriate
at any given time.

Step 4: Program Production

Refining Program Structure and Organization

The goal of iCHAMPSS was to provide decision support to
aid sexual health advocates in adopting, implementing, and
maintaining a sexual health EBP in their district/school. To
that end, iCHAMPSS included four features. The first feature,
the CHAMPSS Model description, was designed to familiarize
users to the CHAMPSS Model. In addition to introducing users
to this conceptual framework, there is a video-based tutorial that
guides users through the iCHAMPSS process to learn how all
the iCHAMPSS tools and CHAMPSS Model steps fit together
(see Figure 3). The second feature comprises the staging tool
described in IM Step 3. Also described in IM Step 3, the third
feature, the tools library, disseminates useful information
and forms through the five iCHAMPSS “tool types” (step

HOME

GET STARTED ~ TOOLS

@ iICHAMPSS

CHOOSING AND MAINTAINING EFFECTIVE PROGRAMS FOR SEX EDUCATION IN SCHOOLS

Welcome to iCHAMPSS, a decision-support system to help Texas school districts adopt, implement, and maintain effective
programs for sexual health education. Whether you are just starting to think about effective programs for your district or you have
been implementing effective programs in your district, ICHAMPSS has information and tools that can help you in the process.

Introduction to iCHAMPSS

View the Introduction to iCHAMPSS video for a general overview of ICHAMPSS and how to get the most out of the website. You
may also review the easy 4-step How to Use the iCHAMPSS Website guide below to get started with using iCHAMPSS and

accessing tools.

Whet is ICHAMPSS?

P

For optimal viewing, change your quality settings to 720p or 1080p HD on the navigation bar below the video.

How to Use iCHAMPSS

You can begin your iCHAMPSS journey right from the homepage using the following 4 steps. First, learn how to navigate adopting,
implementing, and maintaining effective sexual health curricula through the 7-step model. Next, stage your district to determine
your district's level of readiness for adopting, implementing, and maintaining effective curricula. Then, access and use over 60
tools to help you through the process. Finally, connect with others to share your story or find strategies to overcome any

challenges you may be encountering.

FIGURE 3 | Screenshot of the ICHAMPSS introductory video tutorial.

CONNECT ~

ABOUT ~ GLOSSARY

0 sHARE EYE..

Stage Your District

The iCHAMPSS Stage Your District tool
is a quick 5-minute quiz that can help
determine your district's readiness for
adopting, implementing, and
maintaining evidence-based programs.

Connecting with Others

What can my SHAC do if the EBP
we chose is not approved by the
school board?

L? <0

How can you make sure you have
a high return rate for the parent
consent forms?

Once a program has been
approved and implemented what
are the best ways to measure
success and behavior change?

In what classes would you
recommend implementing
programs?

What is the most effective way you
have found to recruit SHAC
parents?
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overviews, success stories, fact and tips, helpful Internet links,
and templates). Users do not need to understand the CHAMPSS
Model to find and use the tools. Finally, the fourth feature (also
described in IM Step 3) comprises a linkage system, or online
discussion board, to help users communicate with other users
across school districts and receive technical assistance from
experts in the field.

Preparing Plans for Program Materials

As part of IM Step 4, we developed design documents for
iCHAMPSS’s features, website, and tools. Design documents are
detailed planning documents that instruct the program designers
on how to produce the program materials (44). For iCHAMPSS’s
features and website, we developed a 35-page design document
outlining their specifications. In this design document, we speci-
fied several critical features of iCHAMPSS (available online at
http://www.iCHAMPSS.org), including how it would be accessi-
ble to school district stakeholders, data collection features (only
basic site usage data to be collected but user sign-in is necessary
for the discussion board), hosting and maintenance capa-
bilities, development constraints (e.g., server specificities and

compatibility withall Internetbrowsers),and user interface frame
(i.e., header, dashboard, content space, and footer). We also
specified what users would see on the iCHAMPSS homepage:
the name and an introduction to the system, photographs indi-
cating that the focus of the site is on the health of adolescents,
social networking share buttons, and direct links with short
descriptions to the CHAMPSS process, the tools library, and the
connect with others forum. Embedded within the CHAMPSS
process page is an image of the circular, seven-step CHAMPSS
Model, which expands to give a description of each phase or step
when the user clicks on that part of the model.

For the five tool types, we also developed design documents
that specified the purpose/main objectives of the tools, target
audience/likely users, instructions for use, format (e.g., PDF file
and video), and detailed description of tool content. For each tool
type, the goal was to develop a variety of tools mapped to each
CHAMPSS step and associated critical tasks.

Drafting Messages, Materials, and Protocols
We procured the services of an IT developer, computer graphic
designer, video production, and post-production specialists to

Overview

) P S ST XTI
L] e W vorove K rrevere N mptemere W oo J~Suppore |

Success

Success in Success in

Step
Success in
Prioritize

J

Success in Success in Success in ‘ Success in

of EBPs.

Parent Views

Stories Select Approve Prepare Implement Maintain Support
Facts & School Health i Smart ) School Board *Identifying | T — ~ Interpret | Sexual Health
Tips Advi.sory Toes B Program Approval Good Health Management Findings for Education
Councils 101 | Shopping Process Success Common Myths
Creating a SHAC —— el 5 Find Language for 2 -
;} Flgd;ng Policies EBPéﬁ!:SIOﬂ Sl eto ear e or;f;gudr;‘l;’-ll;ﬂs
Improving SHAC i Implementation Successes
Performance | Barriers g " 3
Building P ’ Mobilizing Key
'lntroduction to Resources :dapting Personnel
Evidence-Based o [CEEIS ‘
Programs iCHAMPSS
Flowchart
Helpful SHAC Sexual Behavior Writing SMART Ad:::;z;:on ProcessiData Advocacy
Links Resources Survey Goals PSS Tutorials Resources
Data Sources. National Lists

Templates
7- ’ 7 ’

mii 0r

* Denotes end product for Step

FIGURE 4 | ICHAMPSS tools library.

Frontiers in Public Health | www.frontiersin.org

August 2017 | Volume 5 | Article 203


http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
http://www.iCHAMPSS.org

Peskin et al. iCHAMPPs: An IM Approach

design and produce iCHAMPSS’s website, features, and tools.  task outlined in the CHAMPSS Model; these critical tasks were
However, we produced the content for the tools in-house,  previously identified through the PO in each of the intervention
including the “Stage Your District” tool. We wrote the messages ~ matrices. One or two project team members initially developed
within each tool with the goals of accomplishing each critical ~ each tool’s content, but we regularly included discussion of the

CHAMPSS: CHoosing And Maintaining Effective
Programs for Sex Education in Schools

Smart Program

Shopping

Smart Program Shopping

Select a sexual health education program if it...

v’ Is listed on a respected registry for evidence-based programs (e.g., Office of
Adolescent Health, National Campaign to Prevent Teen and Unplanned
Pregnancy, and iCHAMPSS)

v" Was tested among a population with similar demographics to those of your
district or school (e.g., gender, race/ethnicity, grade)

v" Was effective in changing the behaviors you want to target (e.g., delay sexual
initiation, increase condom or contraceptive use)

v" Meets your district or school’s goals and objectives

v' Reflects values consistent with those in your district or school

Things to consider...

O How much time does it take to implement the program?

0 How much does the program cost?

[ Is training required?

[0 What resources are needed to implement the program (e.g., audio visual
equipment, computers, and community partnerships)?

O Is technical assistance offered?
Did You Know?

You can find evidence based
programs at:

v" www.hhs.gov/ash/oah/
v" www.thenationalcampaign.org

v www.iCHAMPSS.org

Visit iCHAMPSS for more
information!

%l:E UTHealth ‘ School of Public Health !

The University of Texas
Moalth Science Conter at Hourton

©2014 The University of Texas Health Science Center at Houston (UTHealth)

FIGURE 5 | Screenshot of ICHAMPSS facts and tips tool type.
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TABLE 3 | (CHAMPSS “Stage Your District” tool and tool types?: delivery vehicles, purpose, description, and development.

Category  Delivery vehicle Purpose Description Key development tasks
“Stage Your Internet To provide users with tailored feedback 21 questions mapped to the seven Develop staging algorithm
District” related to the step of the CHAMPSS CHAMPSS Model steps (CHAMPSS Model matrices used
Model their school district was currently in . . — to identify critical tasks from the
User receives staging report that indicates del "y et ’
where he/she should begin in iCHAMPSS ~ Model for successiul completion o
each step)
Program staging algorithm
Test tool to ensure algorithm and
recommendations were logical
based on the responses
Step Video of expert lecturing  To provide users with an overview of each 7 step overviews—one for each step of the =~ Write script
overview with light whiteboard step and guide them through the basic CHAMPSS Model R .
Y . . Identify visual text and graphics
animation style knowledge and critical tasks required to . .
Each approximately 5 min or less .
complete each step of the CHAMPSS Film experts
Model Edit video clips
Create animation
Success Video of evidence-based To provide users with video-based 38 total from 17 school district stakeholders Develop interview questions for
stories program end user testimonials (role modeling stories . . stakeholders
g ) £ hool distr Each approximately 7 min or less
and experiences) rgm school district . . . ) . Identify interviewees from diverse
stakeholders regarding challenges they ~ Designed in an interview-style format in o ) )
> - I ) school districts representing multiple
faced or strategies used when going school-like settings district roles
thr(?uglh a particular CHAMPSS step with  5ample interview questions displayed at the Fim ) g e vid
their district beginning of each topic segment ilm interviews and transcribe video
Edit video content
Finalize videos
Facts and Print documents To provide users with documents 20 1-3 page, easy-to-read downloadable Write content
tips summa.rlzmg. Tactual |nformatl|onl or PDFs that could be printed Format document
strategies critical to accomplishing the
critical tasks in a particular CHAMPSS
Model step
Helpful links  Hyperlinks to external To provide users with relevant external 51 Internet links that provide helpful Identify relevant websites
website website links relevant to accomplishing resources
the critical tasks in a particular CHAMPSS Included a thumbnail image of each
Model steps . .
website, a brief summary of resources on
website, hyperlinks to website
Templates  Print documents To provide users with customizable 19 Microsoft Word templates that varied in ~ Write content

documents that can be downloaded to
aid in completion of CHAMPSS Model
steps

content and length; customizable so that
they could be tailored to fit each district’s
needs, data, and policies

Format document

For each model step, one served as the
“end product”

aSpecific ICHAMPSS tools for each tool type are listed in Figure 4.

tools to assess progress and address development questions
and concerns in weekly meetings. Table 2 (seventh column)
provides an example of how methods, parameters, and practical
applications were operationalized to produce example messages
that were incorporated into each of the tool types. During the
development of messages, we also specified one of the templates
as the “end product” for each CHAMPSS step that signified that
steps completion. We produced 62 tools, which are listed in a
“tools library” on the iCHAMPSS website (Figure 4). See Figure 5
for screen capture of a selected facts and tips tool. Because we
were producing a variety of tools with different delivery vehicles,
the purpose and development approach varied for each tool (see
Table 3 for a summary).

Pretesting, Refining, and Producing Materials

Members of the CHAMPSS Group reviewed iCHAMPSS after it
was initially completed. Overall, the majority felt the website was
professional, informative, and visually pleasing. However, some
felt that the image on the homepage was too scientific and that
the homepage lacked sufficient information to draw visitors to
the website. Their suggestions included the following: (a) plac-
ing a prominent description of iCHAMPSS on the homepage;
(b) reorganizing the placement of some of the dashboard but-
tons, and (c) including upcoming national and local trainings
and events. Members of the CHAMPSS Group also reviewed
the “Stage Your District” tool and suggested changing the
color scheme and enabling a print option. Some felt that the
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www.iCHAMPSS.org
Homepage

User registration

Get Started

How to Use iCHAMPSS
* Intro Video
* Accessing Tools

Resource Library

Step

Step Overview

Theory Behind iCHAMPSS

CHAMPSS Model
Success Stories

Facts & Tips

Helpful Links

Templates

Stage Your District Tool

Step page

(in new browser tab)

FIGURE 6 | Final mock-up of iCHAMPSS online decision support system.

Tool page
(in new browser tab)

Instructions for Use About iCHAMPSS

Discussion Board Meet the Team

Share Your Story Contact Us

staging tool was unclear. Lastly, project team members reviewed
iCHAMPSS and tested it in different Internet browsers and on
mobile phones to ensure that it would function on different
platforms.

Based on these reviews, we made several changes to the web-
site to clarify its purpose and specify where a user should begin.
First, we revised the website name. Originally, CHAMPSS stood
for “CHoosing And Maintaining Programs for Sex Education in
Schools” However, it was important to add the word “Effective”
before the word “Programs” because this was a distinguishing
feature of the website. We added this new tagline to every page
of the website, so that the purpose of the website was clear.
Second, we modified the dashboard to clearly direct users to a
“Get Started” button. The “Get Started” button included three
drop-down menus: “How to use iCHAMPSS,” “Theory behind
iCHAMPSS,” and “Stage Your District” Third, we added a direct
link to the “Stage Your District” tool on the homepage and modi-
fied its color scheme to be more clear and visually appealing. We
also included a brief description of this staging activity so that
users would understand its purpose. Stylistic modifications were
also made to the entire website, including changing coloring to
be consistent throughout the website and fixing spacing issues.
A final mock-up of the iCHAMPSS online decision support
system is provided in Figure 6.

Members of the CHAMPSS Group also provided feedback
during the development process of various tools, mainly the end
product templates and facts and tips. Most CHAMPSS Group
members reported that the tools were useful, feasible, and likely
to be used by their districts. After the iCHAMPSS tools were

developed, three project team members successively reviewed
each tool to assess its content, readability, and ability to meet
intended objectives. The original tool developer(s) then finalized
the tool content based on the feedback from all reviewers and
submitted the tool for one final review and approval by the project
team.

To further assess the usability, acceptability, and potential
impact of iCHAMPPS, we also conducted a pilot study with 16
participants who were given access to iCHAMPSS for 3 weeks
(55). During this time period, participants could download and
use any of the tools on the website. They were asked to complete
a web-based pretest and immediate posttest using Qualtrics
survey software. Participants included professional staft from
school districts and community organizations throughout Texas,
and parents of school-aged children. To recruit participants,
we distributed (via e-mail) a flyer describing the study to our
community partners, which include the state health department,
school districts, community organizations, the Texas School
Health Advisory Committee, and The Texas Campaign to Prevent
Teen Pregnancy. A description of the study was also placed within
the “Friday Beat,” the state health department’s weekly newslet-
ter. Participants received a $50 gift card for completing both
surveys. In summary, 16 participants reported that iCHAMPSS
was motivational, easy to use, trustworthy, and helpful. They also
reported that their self-efficacy for obtaining approval to imple-
ment an evidence-based sexual health education program from
the School District Board significantly increased as a result of
using iCHAMPSS. Elaborate results of this pilot test are published
elsewhere (55).
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CONCLUSION

Steps 3 and 4 of the IM process provided a systematic framework
that was critical for translating the CHAMPSS Model (developed
using IM Steps 1 and 2) into the iCHAMPSS online decision
support system to help school district stakeholders adopt, imple-
ment, and maintain sexual health EBPs. Specifically, these steps
provided a detailed process for ensuring that appropriate theo-
retical methods were identified and practical applications were
developed to best meet the change objectives in the CHAMPSS
Model matrices. The use of parameters, in particular, was most
helpful in ensuring that the applications we chose best operation-
alized our chosen theoretical methods (44).

Some lessons can be learned from our experience developing
iCHAMPSS. First, while we worked closely with the CHAMPSS
Group to ensure the development of a system that was compatible
with school district needs, time constraints prevented us from
obtaining their feedback on every aspect of iCHAMPSS. For
example, they never reviewed the final iteration of the discussion
board, which was particularly disappointing because this feature
was specifically requested by them. In addition, we received less
feedback from the CHAMPSS Group on the implementation and
maintenance plans because most group members did not have
experience with these tasks (most CHAMPSS Group members
were in the earlier stages of the CHAMPSS Model). It will be
critical to obtain additional input on these tools from future
iCHAMPSS users. Second, we learned important lessons about
developing technology-based applications: (a) we did not antici-
pate the lengthy amount of time that would be needed to identify
an appropriate IT developer and (b) it is important to adequately
vet the IT developer to ensure that he/she has the requisite quali-
fications and communication skills. Regarding the former, the IT
developer “search” process took approximately 9 months, which
significantly delayed production of iCHAMPSS. For the latter, we
had to hire a new IT developer mid-way through the develop-
ment process because the original developer was not adequately
meeting the needs of the project (e.g., the original “tools library”
had to be rebuilt because the original programmed version did
not allow us to add, delete, or format existing tools).

Future studies should focus on a rigorous evaluation of
iCHAMPSS (IM Steps 5 and 6) to assess its impact on adop-
tion, implementation, and maintenance of sexual health EBPs
in school settings. This study should also assess the impact of
iCHAMPSS on school district personnel’s psychosocial factors
related to adoption, implementation, and maintenance, such
as knowledge, attitudes, self-efficacy, and perceived support for
sexual health EBPs. If effective in improving these outcomes,
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environmental change methods. In further exploring how to harness the environmental
context for health promotion, we examine in this paper the concept of interweaving of
health promotion into context, defined as weaving or blending together health promotion
strategies, practices, programs, and policies to fit within, complement, and build from
existing settings and environments. Health promotion interweaving stems from current
perspectives in health intervention planning, improvement science and complex systems
thinking by guiding practitioners from a conceptualization of context as a backdrop to
intervention, to one that recognizes context as integral to the intervention design and to
the potential to directly influence health outcomes. In exploring the general approach
of health promotion interweaving, we examine selected theoretical and practice-based
interweaving concepts in relation to four key environments (the policy environment, the
information environment, the social/cultural/organizational environment, and the physi-
cal environment), followed by evidence-based and practice-based examples of health
promotion interweaving from the literature. Interweaving of health promotion into context
is a common practice for health planners in designing health promotion interventions,
yet one which merits further intentionality as a specific health promotion planning design
approach.

Keywords: context, health and place, environments, settings, health promotion, health planning
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INTRODUCTION

A growing body of evidence highlights the influence of the con-
text that surrounds us on our health and health-related behaviors,
including where we live, study, work, pray, and play (1). Low-
income populations who live in certain geographic areas of the
United States (US), for example, have been found to live longer
compared to populations of the same low-income status living
in other parts of the country, with differences due not only to
individual-level health behaviors and outcomes, such as physical
activity (PA), smoking, and obesity, but also area-level character-
istics, such as composition of educated population, immigrant
population, and government expenditures (2). While selection
bias is an important consideration for studies on place and health,
the Moving to Opportunity study found that low-income families
who were randomly assigned to live in economically better off
census tracts experienced better health and social outcomes
compared to families who remained in economically disadvan-
taged neighborhoods, such as lower rates of extreme obesity and
diabetes (3) and increased college attendance and lower single
parenthood for children moving at a younger age (4).

Beyond place of residence, specific organizational settings such
as schools have also been found to influence health and health
behavior. In examining PA engagement in the US, for example,
some research finds that white adolescents are more physically
active compared to other racial/ethnic groups (5, 6). However,
when examining PA in relation to the schools that adolescents
attend, white adolescent girls have been found to have the same
levels, and white adolescent boys lower levels, of PA when com-
pared to African-American and Hispanic adolescents attending
the same economically disadvantaged schools (7). Childhood
obesity also appears to pattern by the school the child attends.
While white adolescents in the US tend to have lower levels of
obesity compared to African-American and Hispanic adolescents
(8, 9), our research with Texas public middle school students
found similar levels of obesity among these three ethnic groups
when attending the same high economically disadvantaged
schools (10). Adjusting for the school a child attends has also
been found to eliminate racial/ethnic disparities for a range of
other health-related outcomes in research on fifth grade children
from three large metropolitan areas in the US, including witness-
ing of violence, health status, and quality of life, as well as PA
and obesity (11). These findings contribute to a growing body of
evidence on the role of place [e.g., Ref. (12-15)] and settings [e.g.,
Ref. (16-19)] in shaping health and health behavior.

The important influence of the environmental context on
health, which includes place, settings and the multiple environ-
ments within place and settings (e.g., policy, information, social/
cultural/organizational, and physical environments) (20), has
directed health promotion practitioners and researchers from
a focus solely on changing individuals, as emphasized in earlier
conceptualizations of the concept of health promotion (21),
toward a focus on harnessing and changing context for the
promotion of individual and community health. Intervention
Mapping (IM) (22) is one of several health promotion planning
frameworks [e.g., Ref. (23-25)] that explicitly guides planners
in addressing environmental factors for health intervention

planning. In addition to providing a robust model for health
promotion planning that has been widely applied across a range
of health issues, settings, and populations (22), IM directs health
planners to identifying various facets of the environment that
can be incorporated into health intervention design, including
environmental factors that influence the health problem or risk
behavior; environmental agents who can directly influence health
and behavior and the environmental conditions that impact
health and behavior; and environmental change methods for
influencing different health determinants at different ecological
levels, such as organizational diagnosis and feedback, participa-
tory problem solving, and advocacy—methods aimed at changing
organizational and societal level outcomes (22, 26).

In further exploring how to harness the environmental context
for health promotion, we examine in this paper the concept of
interweaving of health promotion into context, which focuses on
designing health promotion interventions in concert with people’s
settings and environments. Health promotion interweaving builds
from current perspectives in health intervention planning (22, 26),
improvement science, and complex systems thinking (27-31)
by guiding practitioners from a conceptualization of context as
a backdrop to intervention, to one that recognizes context as
integral to the intervention design and to the potential to directly
influence health outcomes. In exploring the general approach
of health promotion interweaving, we examine selected theo-
retical and practice-based interweaving concepts in relation to
four key environments (the policy environment, the information
environment, the social/cultural/organizational environment, and
the physical environment), and then illustrate health promotion
interweaving with evidence-based and practice-based examples.

INTERWEAVING: DESIGNING
INTERVENTIONS IN CONCERT WITH
SETTINGS AND ENVIRONMENTS

Interweaving, defined as weaving or blending together (Webster
Dictionary, 2017), is a common practice for health promotion
planners in designing health promotion interventions in rela-
tion to people’s environmental context, yet one which we argue
merits further intentionality as a specific health planning design
approach and method. Interweaving of health promotion into
context has also been described as coupling and embedding of
health intervention with context (27-29) and generally refers to
an intentional process of designing health promotion interven-
tions, which may include health promotion strategies, practices,
programs, and policies, to fit within, complement, and build
from existing settings and environments. While concepts such as
coupling and embedding hold specific relevance for harnessing
context for health promotion (27-29), the concept of interweaving
seeks to more directly communicate the idea of blending together
the intervention with the properties of a given place or setting in
order to create a unique and emergent health promoting context.

Health promotion interweaving into context embraces and
aims to advance an indigenous health intervention development
perspective in which interventions are developed from the
“bottom up” in direct partnership with communities, building
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from site-specific knowledge, practices, and values (28, 32). This
perspective differs from the dominant pipeline approach to knowl-
edge generation in which health interventions are first designed by
researchers under optimal conditions as part of an efficacy trial,
and then tested under “real world” conditions as part of an effec-
tiveness trial, where “real world” may be viewed as a potential for
dilution of intervention effects, and “optimally designed” interven-
tions often experience low diffusion (28, 32). In contrast to health
intervention planning approaches that first begin with developing
a program and then explore how the program fits within a given
context, health promotion interweaving begins with identifying
and understanding “real world” context, including the settings and
multiple environments that surround people, which then become
both the opportunity and platform for designing interventions.
We posit that health promotion interweaving holds potential to
not only enhance the population-specific relevance and sustain-
ability of a given intervention, but also to increase impact on health
outcomes by broadening the “environmental canvas” upon which
to plan and build health interventions.

In guiding health promotion planners to more intentionally
design health promotion interventions in relation to people’s
environmental context, we recently published a basic environ-
mental asset assessment conceptual framework (33) inspired
in part by the IM needs assessment phase (22) and informed
by ecological models of behavior (20, 34) and implementation

science and systems thinking (27). Under this basic framework,
health promotion practitioners are encouraged to first identify
settings where to reach populations (e.g., school, worksite, church,
community) and then explore assets of various environments
(policy, information, social/cultural/organizational, and physical
environments) within those settings that can be incorporated
into health intervention design (33).

A settings and environments approach has been a central fea-
ture of other established health intervention planning processes
and models (20, 34-37) and may provide additional benefits for
health promotion planning. While ecological models are often
defined in terms of levels (e.g., interpersonal, organizational,
community, and societal levels) (38), conceptualizing the eco-
logical space in terms of environments and behavioral settings
(20, 33-37) offers further direction for health promotion plan-
ners as a given setting encompasses multiple environments and
assets that can be activated for intervention design. For example,
within a school setting, existing assets and environments that
might be catalyzed for a given health promotion intervention
include a parent/teacher organization within the school social/
organizational environment, as well as the student morning
announcements within the school information environment.

In building from this environmental asset assessment frame-
work, we present in Table 1 selected theoretical and practice-
based concepts that both support and provide further direction

TABLE 1 | Exploring selected theoretical and practice-based concepts in support of health promotion interweaving into context as organized by key environments.

Concept Definition

Practice or theory perspective

Interweaving (coupling, embedding)
including settings and environments

The process of designing and inserting health promotion intervention into existing context,

Complex Systems and Improvement
Science (27-31)

Policy environment
Health-in-all policies
with the aim of improving people’s health (39)

Incorporating health considerations into decision-making across sectors and policy areas

Community and Municipal Planning,
NACCHO (40)

Information environment
Environmental print

The print of everyday life, including the symbols, signs, numbers, and colors found in the

Child Literacy, Neumann (4 1)

school, neighborhood, and Internet (41). A concept from the field of childhood literacy that
holds promise for enhancing everyday contexts for health communication

Behavioral journalism
based on priority population [(22) p. 393]

Cues to action

Incorporating authentic role model stories of behavior change into mass and local media

Providing positive reinforcement for a health behavior or health action via visual cues
(e.g., messages, symbols) and strategic placement of stimulus [(22) p. 381]

Health Communication, McAlister
et al. (42), Reininger et al. (43)
Health Belief Model, Janz and
Becker (44)

Social/cultural/organizational environment
Appropriable organization

resource for other, different purposes (45)
Mobilizing social networks and

social support instrumental support.” [(26) p. 16]

Structural redesign

Common agenda

Harnessing social organization that is created for one purpose to provide a valuable

“Encouraging social networks to provide informational, emotional, appraisal, and

Changing organizational elements such as mission, communication, reward systems, and
job descriptions to support health promotion [(22) p. 395]

Creating a shared vision for change that includes a common understanding of the problem

Social Capital Theory, Coleman (45)

Theories of Social Networks and
Social Support, Holt-Lunstad and
Uchino (46), Valente (47)
Organizational Development Theory,
Cummings and Worley (48)

Collective Impact, Flood et al. (50)

and joint approach to solving the problem through agreed-upon actions (49)

Physical environment and settings
Facilitation
[(26) p. 6]

Shared use

of public property or facilities (52)

“Creating an environment that makes the action easier or reduces barriers to action.”

Establishing a formal or informal agreement between two or more separate entities, such
as a school and a city or county, that describes the terms and conditions for shared use

Social Cognitive Theory, Bandura (51)

Community and Municipal Planning,
Changelab Solutions (52)
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for health promotion interweaving into context as a health inter-
vention design approach in relation to the policy, information,
social/cultural/organizational, and physical environments. These
theoretical and practice-based concepts were chosen to illustrate
how health interventions can directly build from, connect with,
and “interweave” health promotion into different environments
located within settings and geographic place that hold potential
to influence health and health behavior. In the following section,
we describe these theoretical and practice-based interweaving
concepts with examples from the health promotion literature and
practice field.

POLICY ENVIRONMENT

In harnessing the policy environment for health promotion, the
Health-in-All Policies (HiAP) approach embodies the concept of
health promotion interweaving. HiAP aims to improve popula-
tion and individual-level health outcomes by incorporating
health considerations into decision-making and policy areas
across sectors of a community or society (39). In addition to
exploring how a given policy or planning proposal may adversely
impact health (53), HiAP explicitly promotes the incorporation
of health promoting policies and actions in community planning
through collaboration with non-traditional health partners, such
as transportation, housing, land development, and employment-
sectors that directly affect social determinants of health (39, 54).
While HiAP is often considered at the community or societal
levels—with a recent review indicating that HiAP is growing
within municipal governments (55), HiAP represents a promis-
ing approach for harnessing the policy environment at different
ecological levels, including the organizational and interpersonal
levels such as worksites, schools, and even households. Examples
of health promotion interweaving into the policy environment
include the following:

o Physical activity and city planning: Imagine Austin is an exam-
ple of a comprehensive long-term plan emerging in cities and
counties across the US that incorporates quality of life and
health considerations into city planning beyond just a focus on
land use (56). With guidance from this plan, Austin residents
voted in 2016 to approve a multi-million dollar bond package
that includes funding for sidewalks, safe routes to school,
bikeways, and urban trails (56).

o Lactation support and the workplace: State legislation in Texas
under the Mother-Friendly Worksite Program from 1995 and
more recent legislation under the Right to Express Breastmilk
in the Workplace from 2015 directly interweaves health pro-
motion into the worksite by providing recognition for and
requiring that worksites in Texas support women to express
milk at the workplace via a designated room or space as well as
break time for lactation (57).

o Teen driving and parent-imposed limits: Simons-Morton et al’s
(58) findings on the reduction of risky driving among teen-
agers via the promotion of parent-teen driving agreements
is an example of interweaving of health-related policies into
the household setting that hold benefit for adolescent health
promotion.

INFORMATION ENVIRONMENT

The information environment exists in most behavioral settings
(20) and can take on many forms, including written, symbolic,
verbal, and non-verbal messaging (33). Promoting health via
the information environment has been a key practice of health
promotion practitioners, with examples that include insert-
ing nutrition information in restaurant menus (59), installing
seatbelt warning lights in the cars we drive (60), and delivering
public service announcements via the television to promote
parent—child communication about alcohol use (61). The concept
of environmental print, which refers to the symbols, signs, num-
bers, and colors of everyday life that enhance children’s literacy
(41, 62), holds relevance for harnessing the information environ-
ment by guiding health promotion practitioners to interweave
health messaging across everyday-life contexts of individuals.
Examples of theoretical change methods cited in IM (22) that
can contribute to the creation of an environmental print for
health include cues to action (44), in which cues are embedded
into a given behavioral setting, such as stickers within bathrooms
to promote handwashing with soap (63) and point-of-choice
prompts that encourage stair climbing (64), and behavioral jour-
nalism, in which health-related role model stories are interwoven
into newspapers, magazine articles, and other media (42, 43).
Examples of interweaving of health promotion into everyday
information environments include:

o Healthy eating and PA promotion on the Texas-Mexico border:
In promoting fruit and vegetable (FV) consumption and PA
among a US-Mexico border population living in one of the
poorest counties in the US, role model stories and personal
testimonies were delivered via 30-s radio segments on Spanish-
language stations during morning drive times, 4-5 min
weekly TV health segments shown during a Spanish-language
morning show, and a Spanish-language newsletter and website
(65). Participants exposed to both radio and TV messages
consumed more portions of FV, and participants exposed to
radio and Community Health Worker discussions were more
likely to meet PA recommendations (65).

o Substance use prevention in secondary school students: In har-
nessing the school and community information environments
for adolescent substance use prevention, Slater and colleagues
(66) inserted print messages into posters, book covers, tray
liners, T-shirts, water bottles, rulers, and lanyards within US
school settings as well as verbal messaging such as public ser-
vice announcements delivered via community organizations.
At two-year follow-up, youth in the eight media-enhanced
intervention communities reported lower marijuana and
alcohol use compared to a classroom curriculum comparison
condition (66).

SOCIAL/CULTURAL/ORGANIZATIONAL
ENVIRONMENT

With foundation in ecological models of health behavior (20, 34),
we broadly define this environment in terms of the social and
cultural organization that exist within a given setting, as well as
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the social, cultural, or organizational factors that relate to health
and health behavior (33). Three theoretical concepts for inter-
weaving health promotion into this environment are appropriable
organization from Social Capital Theory (45); mobilizing social
networks and social support—theoretical methods identified in
IM (26) and based in theories of the same names (46, 47); and
structural redesign, also cited in IM (22) and stemming from
theories of organizational development (48) [see also normative
restructuring (29)]. These concepts embrace an interweaving
approach via appropriating, mobilizing, and restructuring exist-
ing social organization (e.g., a school committee or worksite) or
elements of an organization (e.g., organizational norms, mission,
roles) that were created for one purpose to be activated for health
promotion purposes. As interweaving into existing organization
holds important ethical implications, the creation of a common
agenda—a concept from the field of Collective Impact in which
two or more parties create an agreed-upon approach for action
(49)—merits emphasis. Examples of interweaving health promo-
tion into the social/cultural/organizational environment include:

o Contraceptive use and drug shops in Uganda: In response to the
low accessibility of contraceptives in rural and peri-urban areas
of Uganda, the STRIDES for Family Health project successfully
incorporated family planning products and services into private
drug shops, which are similar to pharmacies but not required to
employ trained pharmacists (67). Drug shop operators in four
districts were trained to counsel clients, of whom over half were
of low socioeconomic status, and safely administer contracep-
tive injections, resulting in high levels of client satisfaction and
delivering equivalent proportions of contraceptive protection
compared to clinics and community health workers (67).

o HIV risk reduction and peers: Activating peer networks and
peer-led education have been found to be an effective strategy
in promoting HIV risk reduction behaviors [e.g., Ref. (68-70)]
and HIV screening (71) among diverse at-risk populations.
This large and growing body of research underscores both the
power and potential of mobilizing existing social networks
within the social environment for health promotion.

o Physical activity promotion and the school setting: Marathon
Kids (MK), an international non-profit organization, inter-
weaves PA into existing school schedules and organization by
encouraging teachers to incorporate opportunities for children
to run during recess and other times of the day, tracking miles
run as part of classroom learning on topics such as math, and
inserting MK awards into existing end-of-year school award
ceremonies to provide positive PA reinforcement, among other
school organizational enhancements (72). Children attending
economically disadvantaged schools that participated in MK
reported increased PA participation and other related out-
comes such as increased athletic identity self-concept (72).

PHYSICAL ENVIRONMENT

The physical environment, defined broadly as features of the built
and natural environments (73), has received increased attention
in the past several years for its effects on health (74), including
physical health (75-79), mental health (80-83), and social health

(84, 85). While the growing body of evidence on the built and
natural environment and health is beyond the scope of this paper
[see Ref. (74, 79, 83, 86)], this literature underscores the impor-
tance of how we design, shape, organize, and connect with the
physical environment in enhancing population health. Two basic
interweaving concepts that provide direction for harnessing the
physical environment for health promotion are facilitation and
shared use. With applicability across the environments presented
above, facilitation is a broad and robust theoretical method
(22) with roots in Social Cognitive Theory (51) that refers to
creating an environment that makes a given health action easier.
A shared use agreement, a specific example of how facilitation can
be operationalized for the physical environment, is an important
practice-based concept in which an agreement is made between
two or more parties to allow use of a given physical space for
health-related activity (52). Examples of interweaving health
promotion into existing physical environments include:

o Pop-up parks, PA, and social capital: Pop-up parks, like
Ciclovias/Recreovias (open-street events) (87, 88) or dual-use
facilities (e.g., parks located in-school grounds that are open to
the community after school hours) (89) challenge the notion
that urban spaces are naturally permanent. Pop-up parks are
by definition small and temporary, and are located in areas
typically reserved for cars (parking lots, streets) (90). A recent
study in Los Altos, CA, USA, found that a small, urban pop-up
park attracted a large number of multigenerational users (91).
High levels of PA in the pop-up park were observed among
youth. Among users, the presence of the pop-up park was
associated with less screen time, and with more time spent at a
park, outdoors, and in the downtown central business district
of Los Altos (91). Pop-up parks represent a promising strategy
for communities with limited space for public recreation facil-
ities, both to promote PA, as well as to improve social capital
and quality of life through the revitalization of urban settings.

o Train stations and blood pressure screening: In 2016, the
St. Louis County Department of Public Health and a non-
profit arm of the Bi-State Development Agency received
federal funding to provide preventative health-care services
such as blood pressure screening for commuters at a train
station in north St. Louis County, Missouri, USA (92). This
innovative project demonstrates the potential of interweaving
health promotion into existing physical public spaces such as
train stations that have wide population reach.

APPLYING HEALTH PROMOTION
INTERWEAVING TO HEALTH PROMOTION
PLANNING

A health promotion interweaving into context approach, as
illustrated with the above examples, holds important implica-
tions as a specific design strategy for health promotion planning
frameworks such as IM. Step 1 of IM, which includes conducting
a health needs assessment (22), presents an ideal opportunity
for incorporating health promotion interweaving by directing
planners to identify not only the factors contributing to the
health problem, but also the environmental assets that can be
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incorporated into the design of the health intervention. Examples
of environmental assets that may be identified during the needs
assessment phase include a code of conduct for employees in
the policy environment (interweaving concept: HiAP), existing
communication channels such as a parent bulletin board in
the school information environment (environmental print),
established forms of social organization such as a neighborhood
civic council in the social/cultural/organizational environment
(appropriable organization), and existing physical spaces for
intervention activities in the physical environment (shared use).
A health promotion interweaving approach can also inform other
health promotion planning steps as described in IM, including the
identification of environmental outcomes of a given intervention
(Step 2 of IM) (e.g., a HiAP approach that includes a policy on
prohibiting e-cigarette use delivered via student handbooks), the
provision of a platform or practical application for delivery of key
theoretical methods (Step 3) (e.g., role modeling stories on sleep
health delivered via the company newsletter), guidance with the
overall design of a given health intervention (Step 4) (e.g., the four
environments described above inform the creation of program
components), and identification of existing human resources
who can implement a given aspect of the intervention (Step 5)
(e.g., cafeteria workers encourage students to take a fruit or
vegetable in the cafeteria line). Finally, the health promotion
interweaving concepts presented in Table 1 aim to advance an
approach of “designing from within” a given setting or system,
in order that a given health intervention “sticks” and does not
wash out over time, an ongoing challenge of health interven-
tions (27).

DISCUSSION

Health promotion planning frameworks such as IM (22) provide
helpful guidance in developing health interventions focused not
only on changing individuals, but also the environmental context
with which the individual interacts on a daily basis. In this
paper, we aimed to complement such planning frameworks by
examining how health promotion planners can intentionally
design health promotion interventions that build from a priority
population’s context via the concept of health promotion inter-
weaving. A specific contribution of this paper is the exploration
of theoretical and practice-based interweaving-related concepts
that provide guidance for designing health interventions in rela-
tion to environments and settings. Given the potential to directly
harness contexts that can shape health and health behavior while
broadening the environmental canvas for developing health
promotion strategies, health promotion interweaving-related
approaches merit greater emphasis and study within the field of
health promotion intervention planning.

In recent years, a growing number of organizations and
initiatives have embraced similar health-by-design approaches in
which interventions are explicitly developed in relation to the
environmental context, including the Health, Behavioral Design,
and Built Environment Project of the National Collaborative on
Childhood Obesity Research (93), OLE! Texas- a state-wide ini-
tiative aimed at enhancing childcare outdoor environments (94),
the Michael & Susan Dell Foundation funded Go Austin-Vamos

Austin place-based initiatives', and the Robert Wood Johnson
Foundation’s built environment initiatives (95), among others.
While the selected examples provided in this paper aim to both
illustrate and provide foundation for the practice of interweaving
of health promotion into context, we recognize that more applied
research and practice is needed to fully understand and harness
the power of interweaving. In looking forward, a growing body
of research on concepts from complex systems science and social-
ecological theory offer promising direction for exploring further
how health promotion is interwoven across a given setting and
how different environments may interact with each other over
time to produce (or inhibit) health and health behavior change.
These concepts include: extensiveness and intensiveness of an inter-
vention within a given setting (27)—which may include assessing
how a given intervention is interwoven across environments of
a given setting, interactions of influence across environments and
levels that may enhance or inhibit behavior change (34), emergent
properties within a setting that result from a given modification or
intervention (28, 29)—with implications that include understand-
inghowhealthinterventions thatare interwoven into environments
produce changes—possibly positive or negative—across a given
setting or system, timing and sequencing of intervention modifi-
cations within settings (28, 29, 93)—recognizing that the impact
of health promotion interweaving on health or health outcomes
may not follow a linear sequence, and agency for intervention
(28, 29, 93), among others [see Ref. (28, 29) for recent reviews].
As the concept of health promotion interweaving is context
specific by nature, new approaches may be needed for exploring
how to best evaluate such interventions. The complex systems
literature holds relevance for exploring how a health promotion
interweaving approach may best be evaluated (28, 29, 31). Two
relevant concepts for evaluation of health promotion interweaving
approaches from this literature are the need for a new conceptualiza-
tion of fidelity of program implementation (27), and the need for a
shift from a linear planning and evaluation framework to one that
acknowledges the complexity of context and the importance of process
(28, 29, 31). Fidelity under a traditional program evaluation would
focus on keeping constant the delivery of the intervention across
different study sites, yet this conceptualization of fidelity contradicts
the nature of health promotion interweaving, which embraces the
uniqueness of different settings as an opportunity for identifying
setting-specific intervention approaches via harnessing its multiple
environments (policy, information, social/organizational, and
physical). In recognition of the diversity of sites and systems, Hawe
et al. recommend a refined conceptualization of fidelity—one that
conceives the intervention as a dynamic event within a system where
the “function” of a given intervention (e.g., delivering 30 min of PA
via a defined process for identifying strategies) is more important
than the form (e.g,, strategies for delivering PA are tailored to a given
school), which may vary by site (27). Related to this new conceptu-
alization of fidelity is the need to identify evaluation approaches that
move from a linear process, often based on an oversimplified linear
logic model in which the planner is expected to have all the answers
upon intervening in a given system (28), to one which embraces

'Go Austin-Vamos Austin! Available from: http://www.goaustinvamosaustin.org/
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complexity of context and emphasizes a process of co-learning with
people from a given context to identify environmental modifica-
tions and make adaptations to these approaches over time (28, 29).
Given that public health actions and effects often do not follow a
linear time period and may require long periods of time (28, 29,
93), Rutter and colleagues emphasize the importance of tracking
proximal, intermediate, and distal processes and outcomes, as
well as the importance of modifying approaches in responses to
changes in systems (31). The growing field of participatory learn-
ing and action (96, 97)—which includes visual and group-based
inquiry methods for exploring the process of a given intervention
(98, 99)—holds specific relevance for engaging populations in co-
learning around implementation and evaluation of health promot-
ing interweaving approaches.

While we were purposeful in this paper in exploring inter-
weaving as a practical health promotion planning approach for
health promotion practitioners—building from Einstein’s famous
dictum that “everything should be made as simple as possible, but
not simpler,” we also recognize the need for field-based research
to inform best approaches for interweaving and understand
further its impact on health promotion. Kok and colleagues (26),
the authors of IM, have provided important advances to the field
of health promotion planning in recent years by examining the
parameters, or conditions, under which a given environmental
change method may be effective. While health promotion inter-
weaving can inform the approach for designing interventions in
relation to environments, and the different environments cited in
this paper may help provide the “canvas” upon which to design
interventions, there is a need to understand the parameters
that make health promotion interweaving an effective health
promotion planning approach that ultimately results in positive
individual-level and community-level health changes. As an
example, and as mentioned above, “appropriating” organization
may hold important ethical implications, and as such, a pos-
sible parameter for health promotion interweaving is that it is
most effective when people from a given setting are involved in
making decisions regarding health promotion changes to their
organization. Furthermore, we provided only a selected sample of
interweaving-related concepts in this paper to illustrate the overall
interweaving design approach; the growing menu of theoretical
methods identified via approaches such as IM (22, 26) offers
further direction for exploring best approaches for interweaving.

We also recognize other inherent limitations of our basic over-
view of interweaving in this paper, including the challenge of clas-
sifying specific environments, given the overlap of different types of
environments such as a “policy environment” and a “social/organi-
zational environment;” as well as our limited conceptualization of the
environment in terms of the four key environments examined. As
we previously recognized (33), there are undoubtedly other impor-
tant environments that should be explored that have relevance for
shaping health and health behavior. One such environment is the
economic environment, which Swinburn and colleagues define in
their ANGELO obesogenic environmental planning framework in
terms of costs related to food and PA (35). While economic forces
often appear outside the control of health promotion practitioners,
Swinburn and colleagues (35) offer examples of how the economic
environment may be harnessed for health promotion via monetary

incentives in terms of taxes, pricing policies, and subsidies; financial
support for health promotion programs; healthy food purchasing
policies; and budget allocations for a given health intervention such
as the creation of a bike path. Economic subsidies, in particular,
represent a potential interweaving concept by directly shaping
the economic environment of a given setting or organization to
be more supportive of a given health behavior or outcome. In
central Texas, for example, the non-profit organization Sustainable
Food Center (SFC) established a “double dollar” program for their
farmers’ markets in which economically disadvantaged residents
can double the amount of government subsidies (e.g., SNAP, WIC,
and FMNP) to increase their purchasing power of healthy foods at
SEC markets (100). Beyond directly intervening in the economic
environment, the interweaving concepts and other environments
explored in this paper also hold relevance for enhancing health for
economically disadvantaged populations, as illustrated by several
of the examples cited in this paper that included low-income
populations. While further exploration of each of these environ-
ments, as well as additional environments such as the economic
environment, are warranted, the basic settings and environments
framework that we present here provides an initial foundation to
build upon in exploring health promotion interweaving.

Health promotion interweaving presents a basic yet promising
approach for designing health promotion interventions that moves
beyond a perspective of context as the delivery setting of an already-
designed intervention, to one that embraces context as integral to
the design of health interventions. We look forward to continuing to
co-learn with health promotion practitioners and researchers about
best practices for interweaving health promotion into context.
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Introduction: Epilepsy is a neurological disorder involving recurrent seizures. It affects
approximately 5 million people in the U.S. To optimize their quality of life people with
epilepsy are encouraged to engage in self-management (S-M) behaviors. These include
managing their treatment (e.g., adhering to anti-seizure medication and clinical visit
schedules), managing their seizures (e.g., responding to seizure episodes), managing
their safety (e.g., monitoring and avoiding environmental seizure triggers), and managing
their co-morbid conditions (e.g., anxiety, depression). The clinic-based Management
Information Decision Support Epilepsy Tool (MINDSET) is a decision-support system
founded on theory and empirical evidence. It is designed to increase awareness by
adult patients (>18 years) and their health-care provider regarding the patient’s epilepsy
S-M behaviors, facilitate communication during the clinic visit to prioritize S-M goals
and strategies commensurate with the patient’s needs, and increase the patient’s self-
efficacy to achieve those goals.

Methods: The purpose of this paper is to describe the application of intervention map-
ping (IM) to develop, implement, and formatively evaluate the clinic-based MINDSET
prototype and in developing implementation and evaluation plans. Deliverables com-
prised a logic model of the problem (IM Step 1); matrices of program objectives (IM Step
2); a program planning document comprising scope, sequence, theory-based methods,
and practical strategies (IM Step 3); a functional MINDSET program prototype (IM Step
4); plans for implementation (IM Step 5); and evaluation (IM Step 6). IM provided a logical
and systematic approach to developing and evaluating clinic-based decision support
toward epilepsy S-M.

Keywords: epilepsy, self-management, decision support, intervention mapping, intervention, mobile health,
electronic health, treatment

INTRODUCTION: BACKGROUND AND RATIONALE

Epilepsy is a neurological disorder involving recurrent seizures (1). It affects approximately 5 million
people in the US (1). Epilepsy onset is not age dependent but incidence rates peak before 5 and
after 60 years of age (2). Greater psychosocial impact is likely when seizure onset is in adolescence
compared to younger ages (2). Epilepsy can have adverse social, physical, and psychological con-
sequences, compromising a person’s economic and social future. The direct costs of epilepsy care
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were estimated to range from $8,412 to $9,287 in 2013 and were
markedly higher for sub-populations with uncontrolled or refrac-
tory epilepsy, or co-morbidity (3).

Epilepsy Self-Management (S-M)

People with epilepsy (PWE) have varied disease severity.
Regardless, PWE are encouraged to manage their treatment
and lifestyle to provide optimal quality of life. The Managing
Epilepsy Well (MEW) Network defines epilepsy S-M as the
“processes a person uses to optimize seizure control, to mini-
mize the effects of having a seizure disorder, and to maximize
quality of life in partnership with their health-care provider” (4,
5). This includes both S-M behaviors that are specific to epilepsy
as well as S-M behaviors for chronic care that are applicable to
most chronic conditions (2). Epilepsy specific S-M encompasses
managing treatment (e.g., adhering to anti-seizure medication
and clinical visit schedules), managing seizures (e.g., planning
for, and responding to, seizure episodes), managing safety (e.g.,
monitoring and avoiding environmental seizure triggers), and
managing co-morbid conditions (e.g., anxiety, depression).
Chronic care S-M encompasses management of lifestyle issues
(e.g., adjusting typical behaviors to avoid seizures and/or to
mitigate their adverse consequences), partnering actively with
the health-care team (e.g., information sharing), and pursuing
independence (e.g., invoking support, resources, and services
when needed) (2, 6). Knowledge and self-efficacy to perform
S-M behavior are associated with epilepsy S-M (5, 7-10). S-M
practice can be compromised by co-morbidities including
depression, anxiety, and cognitive dysfunction. These can also
act directly as internal precipitants of seizures (2, 11, 12). The
emergence of S-M research in epilepsy has co-occurred with the
development of the MEW Research Network. The development
described in this paper occurred as a MEW Network collabora-
tive project, supporting the Network’s long-term objective to
increase the number of adequately tested epilepsy S-M programs
available to health-care providers (HCPs) and members of the
epilepsy community. The aim of the Network is to contribute
to applied research targeting the priority recommendations
from the CDC Epilepsy Program and Living Well with Epilepsy
2003 to promoting S-M (5, 13). The Network’s objectives are to:
(1) “develop and implement a coordinated, applied-research
agenda”; (2) conduct rigorous research that promote S-M and
quality of life suitable for application in diverse settings includ-
ing homes, communities, and clinics; and (3) to identify and
collaborate with stakeholders outside of the network to imple-
ment these activities (5). The importance of S-M for PWE and
programs available to assist S-M are discussed in the needs
assessment section below.

Patient and Provider Collaboration

The Institute of Medicine (IOM) report, Epilepsy Across the
Spectrum, promotes patient-centered care for epilepsy and
related co-morbidities, including collaborative approaches (2).
Partnership between the HCP, including clinicians, nurse educa-
tors, and community health workers and the patient (including the
patient’s family or significant others), is important in facilitating
S-M adherence. Consistent with the patient-centered model of

caring for people with a chronic disease HCPs are well positioned
to help their patients in meet S-M goals (2).

Shared decision involves HCPs and patients making decisions
together based on the best evidence available. This promotes a
two-way communication that incorporates clinician expertise
(i.e., disease, options, probabilities, and prognosis) and patient
expertise (i.e., “preferences, values, attitudes to risk, and social
circumstances”) (14). Dual participation enables the best solution
when varied options are available. Prompting patients before the
clinical encounter can result in better shared decision-making
and enable the transfer of more salient information from the
HCP (14). Patient care plans or action plans can be useful, allow-
ing patients to consider individual preferences on options and
treatment goals prior to discussion. Systematic review indicates
that shared decision-making can lead to better patient treatment
adherence (15).

Health-care providers need to be able to clearly communicate
the risks associated with epilepsy, the importance of S-M, poten-
tial side effects to treatment options, and resources and services
that are available (2). Patients need to determine if the type and
frequency of their S-M behavior adherence is appropriate; decide
on S-M goals that they perceive as important and doable; and
determine how to accomplish these behaviors in everyday life.
Adoption of S-M behaviors can be undermined due to poor
patient-HCP communication and/or a discrepancy in the percep-
tions about the patient’s attitudes to, and S-M abilities, regarding
their epilepsy. Conversely, by reinforcing patient S-M, HCPs can
instill greater commitment to monitoring and improving behav-
iors (16, 17). There are challenges to effectively incorporating S-M
assistance within a brief clinical visit that limits the time to assess
a patient’s S-M needs and adequately address them (18, 19).

Mobile Health (mHealth) Decision Support

As an Intervention Channel
The IOM report also cited the need for new tools to enhance
S-M decision-making (2). A decision-support system (DSS),
broadly defined, is a tool to support the decision-making
process. Typically, such tools are used in the context of less well-
structured problems, enable the incorporation of varied models
and analytic techniques, provide easy use by non-experts, and are
flexible in accommodating changes in circumstances. Text- and
video-based materials exist to assist patients and their HCPs in
complex decision-making toward outcomes reflective of patient
values and preferences (2, 13, 20-24). Electronic health (eHealth)
applications are emerging that support daily S-M monitoring
and decision-making for epilepsy (25). mHealth is a subset of
eHealth that pertains to the “practice of medicine and public
health supported by mobile devices such as mobile phones, tablet
computers, and PDAs” (26). Clinic-based DSSs have focused on
the technical aspects of diagnostic and pharmacologic decisions
(27-33) and less on the personal or social aspects of patient care
(34). Facilitating patient and HCP epilepsy S-M decision-making,
therefore, represents a novel application of decision support.
The clinic-based Management Information Decision Support
Epilepsy Tool (MINDSET) was developed to (1) engage adult
patients with epilepsy (>18 years) and their HCPs in managing
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therapy and lifestyle to prevent seizures and maximize quality of
life (2), (2) provide easily followed goal-based action plans for
patient decision support between clinic visits (35), and (3) docu-
ment patient-centric quality indicators for epilepsy care (36, 37).

Management Information Decision Support Epilepsy Tool is
a DSS founded on theory and empirical evidence. It is designed
to increase awareness by adult patients and their HCP regarding
the patient’s epilepsy S-M behaviors, facilitate communication
during the clinic visit to prioritize S-M goals and strategies com-
mensurate with the patients needs, and to increase the patient’s
self-efficacy to achieve those goals.

Interventional Mapping (IM)

Intervention mapping is a stepped framework to guide the
development of behavioral change interventions that enable
developers to systematically apply social and behavioral science
theories (38). The 6 steps of IM are to (1) assess needs and develop
a logic model of the problem, (2) develop matrices of behavioral
change objectives for the program, (3) identify theory-based
methods and practical applications to be applied in the program,
(4) produce program components and materials, (5) plan for
program adoption, implementation, and sustainability, and (6)
plan for evaluation (38). IM is widely used to develop behavioral
change interventions worldwide. A recent systematic review has
demonstrated significant increase in the uptake of disease pre-
vention behaviors associated with IM-based interventions when
compared to placebo control groups (39). IM has been successfully
applied in the domain of chronic disease S-M (39). However, few
applications of IM have been reported in the context of managing
epilepsy and, to our knowledge, none in the context of support for
patient and provider epilepsy S-M decision-making.

The purpose of this paper is to describe the application of IM to
develop and formatively evaluate MINDSET to be a clinic-based
tool for adult patient (>18 years) and provider decision-making
regarding the patient’s S-M. Plans for subsequent efficacy evalua-
tion are briefly described.

METHODS: IM

The Development Timeline

IM steps 1 through 4 are the focus of this paper. Completion of
these steps approximated 2 years of development time. The first
6 months of Year 1 involved completion of the logic model of the
problem (IM Step 1) and defining program outcomes and objec-
tives and the logic model of change (IM step 2). The remaining
6 months of year 1 involved program planning, developing the
MINDSET design document (IM Step 3). The first 6 months of
Year 2 involved producing a program prototype and the remain-
ing 6 months of year 2 involved formative evaluation, including
alpha- and usability-testing (IM step 4). Plans for implementation
and evaluation (IM Steps 5 and 6) were commenced during the
period of MINDSET formative testing.

IM Step 1: Logic Model of the Problem
Step 1 comprised establishing a planning group; conducting a
needs assessment informed by the PRECEDE planning model

that outlines the factors associated with the problem; defining
the context of the intervention in terms of population, setting,
and community; and stating program goals.

Task 1.1 Establish and Work with a Planning Group
Management Information Decision Support Epilepsy Tool
development took place in collaboration with three neurol-
ogy clinics varying in patient population, payer-base, epilepsy
cases, and provider experience: Kelsey-Seybold Neurology
Clinic (KS clinic) and their associated Education and Research
Program, the Smith Clinic at Harris Health, and the University
of Texas Physicians-Neurology Clinic (UT clinic). The clinics
enabled access to patients and neurologists for a Patient-Provider
Advisory Group (PPAG; described below) that provided ongoing
input on MINDSET development through each step of the IM
process and also provided a test-bed for formative assessment
of MINDSET. These clinics were the test sites for the planned
efficacy trial of MINDSET.

Collaborating Clinic Sites. The KS clinic operates within a
large urban multispecialty medical organization comprising 21
clinics and over 325,000 diverse patients comprising primar-
ily white (55%), African-American (23%), and Hispanic (19%)
ethnicities who are mainly middle-class, employed, and with
private insurance coverage primarily through HMO- or PPO-
type plans. Patients with epilepsy are referred to the centralized
KS neurology clinic. HCPs include general neurologists (n = 5),
an epileptologist, and a nurse epilepsy specialist. The neurology
department has an annual epilepsy case load of approximately
400 patients. The Epilepsy Education and Research Program was
established at KS Clinic in 1987 with the goal to demystify epi-
lepsy through patient and family education and training about
epilepsy, its treatment, and management, and to develop and
conduct research to improve the clinical management of epilepsy
through participation in multicenter clinical drug trials and aca-
demic collaborations (3, 40, 41).

The Smith Clinic at Harris Health provides care to patients
who are primarily Hispanic (40%), low-income, uninsured, and
covered by Medicaid, and are referred from community health
centers (n = 12) operated by a large public hospital system.
Medical residents and students rotating through the clinic see up
to 40 patients per clinic day under the supervision of attending
faculty.

The UT clinic is a large urban multispecialty neurology
clinic. Patients with epilepsy comprise white (56%), black
(14%), Hispanic (4%), Asian (0.2%), and other/unknown (27%).
Economic status and financial coverage for health care is diverse,
predominantly commercially managed care (58%), and Medicare
(31%). The clinic is a tertiary care referral center for neurological
disorders, including the diagnosis of epilepsy and the manage-
ment of difficult epilepsy.

Patient Provider Advisory Group. A PPAG was formed with rep-
resentation from patients and HCPs from the three clinics and
incorporated into the MINDSET research and planning team.
The PPAG was consulted to review content (e.g., constructs,
scales, and threshold scores for identifying “at-risk” patients);
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assess functionality, flow, and “look and feel;” test usability; and
review evaluation plans. Patients for the advisory group were
invited to join the PPAG by co-investigator clinicians and nurses
on the basis of their being representative of the patient popula-
tion, over 18 years of age, English speaking, engaged in epilepsy
management issues, and interested in contributing to the field.
The PPAG included three neurologists, one nurse educator, and
eight patients with epilepsy. The PPAG met in a conference room
at the KS Clinic. Patient members received an incentive payment
of $30 per meeting.

Task 1.2 Conduct a Needs Assessment to Create a Logic Model
of the Problem

Information gathered to inform the development of MINDSET
was obtained through literature review, quantitative enquiry
with the PPAG, empirical investigation of the association of
S-M antecedents with PWE in Houston clinics, and clinic-based
system task analysis (described in Step 4). The needs assessment
was designed to inform a logic model of the problem, to provide
background information on challenges experienced by PWE in
epilepsy S-M, and the potential for technology to assist patient
and HCP decision-making regarding epilepsy S-M.

Literature Review. A decision supporttool foridentifying patient
S-M needs based on clinical, behavioral, and psychosocial vari-
ables requires identifying S-M behaviors and the clinical, behav-
ioral, and psychosocial antecedents related to poor S-M as well as
to identifying what other instruments/tools might be available in
the field. To develop a logic model of the problem, the literature
review addressed the medical management of epilepsy, epilepsy
S-M behaviors, determinants of S-M behavior, and environmen-
tal factors associated with S-M. Data on the S-M interventions,
DSSs in support of epilepsy management, and perceptions of
PWE toward technology-based applications were also reviewed
to understand the empirical and clinical context. Theories and
models applicable to chronic disease management amenable to, or
applied to, epilepsy were also reviewed, as were practice guidelines
for epilepsy management. The research team developed problem
statements, identified relevant electronic publication databases of
Medline, PubMed, and PsychINFO, formulated database search
strategies, and recommended an approach to synthesizing the lit-
erature. Data abstraction forms were developed and pilot-tested
before they were used to abstract data from the identified relevant
studies. Abstracted data were used to create evidence and infor-
mation tables for expert review. We considered articles published
in peer-reviewed journals, including review articles and surveys
as well as practice guidelines. Abstracts, poster presentations, and
editorial publications were excluded.

Medical Management and the Pathophysiology of Epilepsy. As
with many chronic diseases, patients with epilepsy may undergo
benign or malignant courses, but all will be affected significantly
in some way (21, 42). Most patients with epilepsy undergo basic
serological tests, EEG, and imaging studies, and have treat-
ment initiated with a single anti-seizure medication (referred
to, henceforth, by the common term anti-epilepsy drugs or
AEDs) appropriate for the type of seizure, and age and gender

of the patient. If the first agent does not control the seizures or
has unacceptable toxicity, switching to a second or third appro-
priate agent occasionally provides better results. Some patients
have seizures incompletely controlled with a single agent, but
the addition of a second medication only allows a further 15%
seizure control. The choice of a specific AEDs for a given patient
is a fairly complex process, which needs to consider the individ-
ual’s tolerance for medication in general, seizure type, etiology
of seizures, co-morbid conditions, concurrent medications, as
well as non-medical factors such as employment and medication
costs. Despite optimal pharmaceutical treatment, approximately
30% of patients will have recurrent seizures, and as many as 50%
of patients with partial seizures will not attain complete seizure
control with medication regimens. Patients who do not respond
adequately to AEDs may be candidates for surgical treatment or
other alternative regimens, including the ketogenic diet, vagal
nerve stimulator, and control of precipitating factors (43). The
pathophysiology of epilepsy varies between individual patients
who may experience a number of different seizure types (e.g.,
generalized tonic-clinic seizures characterized by convulsions;
absence seizures characterized by abrupt beginning and end,
blank stares, and only a few second in duration; and complex
partial seizures that are characterized by altered consciousness
where there is no memory of the misplaced behavior demon-
strated during the seizure) and varied stimulus onsets (43).

Epilepsy S-M Behaviors. For PWE, S-M comprises a number of
adaptive behaviors that may assist in lowering seizures (44). S-M
for PWE refers to a number of adaptive behaviors that may assist
in lowering seizures. In recent years patient S-M has received
more attention (2, 20). Behavioral risk factors contributing to
seizures and co-morbidities include lack of adherence to AEDs,
failure to monitor and protect against seizure triggers, lack of
safety management to minimize the adverse consequences of
seizures, failure to adhere to clinical visit regimens, and failure
to adjust lifestyle behaviors to minimize risk of injury (2, 6, 45)
(Figure 1). Epilepsy co-morbidities are associated with poor S-M
and include cognitive dysfunction, depression, suicidal ideation,
death resulting from a seizure or status epilepticus, and sudden
unexpected death in epilepsy (SUDEP). Medication management
(adherence), safety behaviors (e.g., cessation of driving), and daily
activities (e.g., maintaining sleep and reducing stress and exposure
to triggers of seizure triggers) may lower seizure frequency. The
focus of seizure control is management of AEDs. AEDs require
strict adherence and, even with this, may not completely control
seizure activity in 30% of epilepsy patients (46). Compounding
this is low AED adherence. Review data for claims indicates 39%
of patients do not take their prescribed regimen (47). Failure to
adhere to prescription is associated with increased likelihood of
hospitalizations and ER visits (47). Poor adherence is related to
significant adverse health effects and increased mortality (48, 49).
Uncontrolled seizures place “challenging demands” on PWE and
their family and strongly predict low quality of life (50), being
related to injury, limits on driving, and restrictions on sporting
and recreational activities. Other S-M activities, apart from AED
adherence, can increase mood and quality of life. For example,
self-monitoring can increase awareness of prodromal (early) fea-
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Personal Determinants

Low levels of knowledge (declarative and
procedural)

Insufficient skills needed for self-management
behaviors

Low self-efficacy

Low outcome expectancies for treatment
Low outcome expectancies for seizures
Unstable attributions

Lack of acceptance/denial of diagnosis
Fear of stigma

Perceived barriers

Perceived peer norms / peer influence
Negative affect/depression/anxiety

Low patient satisfaction with care

Personal Determinants

Healthcare provider's lack of knowledge, skills,
and time to communicate with patients/families,
train them in self-management skills, and
reinforce self-management.

Family’s lack of knowledge and skills to provide
social support of self-management and reinforce
self-management.

Community’s misguided beliefs about the
disorder, lack of knowledge and skills to assist
with seizures, and lack of awareness of policies
and guidelines (e.g. employment, driving, sports,

Poor self-management behaviors
Reduced ability to competently self-manage epilepsy:

1. Monitor:

Limited subjective (“direct”) prodromal symptom monitoring
Limited monitoring of personal seizure precipitants (triggers)
Limited monitoring of behaviors for safety

Limited monitoring of self-management efforts

2. |dentify problems:

Not comparing to personal standards

3. Implement solutions:

Medication management

Not keeping regular well visit health care appointments

Not maintaining chronic anti-seizure medication as prescribed
Low planned adherence

Seizure management

Not calling health care professional in an acute situation

Not communicating with family members, health care providers
Not using first aid activities - recognizing status epilepticus

Life management

Limited or no change in lifestyle to avoid seizures including maintaining “normal” sleep
levels; reducing stress (emotional and physical); avoiding triggers of alcohol, drugs,
OTC meds, caffeine; keeping hydrated, avoiding heat; controlling allergies; avoiding
hypoglycaemia; avoiding blinking lights; taking safety precautions, disclosing to others;
wearing identification (e.g. MedicAlert bracelet); developing a social support network;
linking to resources (e.g. Epilepsy Foundation).

4. Evaluate:
Limited evaluation of success of actions and return to monitoring.

Health Outcomes and Quality of Life

Increased seizures (number and duration)
Loss of work productivity

Finding and maintaining employment
Hospitalization

ER visits

Injury

Limits on driving

Restricted sporting and recreational activities
Compromised adaptive and psychosocial
functioning

Memory and concentration problems

Death

Non-Behavioral Factors

Clinical course of iliness
Clinical management of illness
Pre-existing disease

Ly

Environmental Factors

Interpersonal

Limited communication with family by health care team

Low transfer of knowledge and skills to the patient and family by healthcare provider
Organizational

Limited time devoted to self-management training during the clinic visit

Limited access to information and training at clinic

Community

Limited access to medical care

housing).

Limited linkage to social support networks and withdrawal from society

FIGURE 1 | PRECEDE logic model of the problem for Management information Decision Support Epielpsy Tool (MINDSET) (101).

tures of seizures (e.g., “mood and premonitory triggers of blurred
vision, hunger, thirst, tiredness”) (44). Such self-prediction is
associated with favorable mood and increased confidence in one’s
ability to accurately predict seizures (51).

Personal Determinants of S-M Behavior. ~ A range of factors pro-
vide antecedents for S-M behavior (Figure 1). Poor S-M could
be due to the patients low levels of knowledge (declarative and
procedural) and skill regarding epilepsy S-M behavior and goal
setting, low self-efficacy or confidence to perform S-M behaviors,
low outcome expectations (both in terms of causality of seizure
onset as well as causality of treatment), and lack of attribution of
S-M success to self-effort (particularly as this relates to patient
control); lack of acceptance or denial of the diagnosis of epilepsy;
fear of stigma related to epilepsy; perceived barriers to manag-
ing epilepsy, as well as unrealistic perceptions of how other PWE
self-manage (2, 7-9, 11, 16, 52-62). Epilepsy is often associated
with cognitive dysfunction, behavior problems, depression, and
anxiety (12). Furthermore, seizures in epilepsy may be precipi-
tated by psychological triggers such as stress and emotions such
as anxiety and anger (12). Patients perceptions of, and satisfac-
tion with, health services and clinical care are associated with
health care utilization, an important aspect of S-M (2). Many
PWE lack the behavioral capability to monitor and self-regulate

behaviors that affect seizure susceptibility indicating a need for
effective S-M programs (2). Such behaviors include AED adher-
ence, exposure to environmental stimuli, overuse of drugs and
alcohol, stress reduction, and ensuring adequate sleep (2).

Personal Determinants of the Environmental Factors. Inter-
personal, organizational, and community factors impact PWE.
Personal determinants of environmental factors involve HCPs,
families, and the community (Figure 1) (2). Epilepsy manage-
ment is compromised when families lack knowledge and skills
for providing support for S-M, and HCPs lack the skills to effec-
tively communicate with patients and families to train them on,
and reinforce them for epilepsy management behaviors (2, 12).
This is compounded by the general community’s misguided beliefs
about epilepsy, lack of knowledge and skills to assist with seizures
and support management, and lack of awareness of policies and
guidelines regarding supporting PWE in important life functions,
including employment, driving, sports, and housing (2).

S-M Interventions. ~ Until recently, there were few evidence-based
epilepsy educational programs (63). Reported results were encour-
aging. In a study among 100 adults with epilepsy with a two-day
psycho-educational program (Sepulveda Epilepsy Education)
significant effects were demonstrated that included greater serum
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AED levels (indicating better drug adherence), decreased use of
hazardous medical S-M practices, greater understanding of epi-
lepsy, and decreased fear of seizures in treatment group compared
to the comparison group (64). A study among adult Nigerian
patients, a two-day modular didactic psycho-educational pro-
gram focused on adjusting to epilepsy and related psychoneu-
rotic traits, depression, and stigma demonstrated significant
improvement in knowledge of epilepsy, neurotic disorders, and
depression, in the treatment group compared to the comparison
group (65). A modular didactic educational program (MOSES,
Modular Service Package Epilepsy) evaluated on a sample of 242
participants, demonstrated greater tolerance of AEDs, fewer side
effects, improved knowledge and coping, and greater satisfaction
with therapy in the treatment group compared to the compari-
son group (56). Interventions were mainly psycho-educational
with minimal focus on S-M as previously defined. Recent evi-
dence-based interventions that target S-M behaviors and/or
co-morbidities for adults (>18 years) include WebEase (Web
Epilepsy Awareness, Support, and Education), UPLIFT (Using
Practice and Learning to Increase Favorable Thoughts), PEARLS
(Program to Encourage Active Rewarding Lives), HOBSCOTCH
(HOme Based S-M and COgnitive Training CHanges lives), and
PACES in Epilepsy (Program of Active Consumer Engagement
in S-M) (66). WebEase is a self-paced online website where
PWE can choose from among medication, stress, sleep, and per-
sonal tracking diary modules that provide tailored activities for
learning, self-assessment, and goal setting (assessed at 1-week
intervals). A national RCT (n = 148) demonstrated significant
improvement in self-efficacy and medication adherence for those
using WebEase (67). Other interventions have greater focus on
co-morbidities of depression [UPLIFT (68), PEARLS (69)] and
subjective memory complaints (HOBSCOTCH) (70) or a niche
priority population consumers with active epilepsy (with seizures
occurring within the last year) (PACES) (71). Tools to optimize
decision-making for S-M for patients and providers within the
clinic visit had not been reported.

Decision Support and eHealth Applications in Epilepsy
Management and Patient Perceptions. 'The Centers for Disease
Control and Prevention (CDC) Epilepsy Program supported the
development of e-Tools as one of several approaches to address
the gap in available epilepsy S-M tools (1). This vehicle has the
potential to overcome barriers to care that PWE face such as lack
of transportation and stigma (1). Despite this, a review of the
literature on informatics applications for epilepsy management
revealed an only recently emerging research effort (25). Of the
68 studies reviewed in the domains of patient monitoring and
prevention, education, and therapy or guideline application most
were descriptive (describing models, system development, or
system installation) with only eight studies testing effectiveness
(the impact on patient or provider behavior) using prospective
design (25). PWE are well positioned to use emerging eHealth
applications in epilepsy S-M. Over 50% of PWE have access to the
Internet in a variety of settings (i.e., home, work, school, library)
(72-74) and a recent cross-sectional study (19) with adult PWE
(n = 183) indicated that most participants had access to comput-
ers and the Internet (95 and 60%, respectively) and used them to

find health information (99 and 57%, respectively). Participants
reported “searching for general information on epilepsy (43%),
medication (30%), specific types of epilepsy (23%), and treat-
ment (20%)” and most reported that they “likely would use an
Internet-based S-M program to help control their epilepsy” (19).
Counter-balancing this is needs assessment survey data of adults
with epilepsy in the Pacific Northwest (n = 165) (75, 76) indi-
cating that a majority of patients prefer in-person (individual or
group) program delivery, reinforcing the importance of this over
purely distance delivery (phone or Internet).

While the patients in the PPAG were veteran self-managers
and mostly exhibiting good seizure control they expressed frus-
tration regarding their relationship with their HCP. This applied
particularly to patients from a large inner city community health
clinic where brief “face time” with clinicians and frequent and
consistent turnover of fellows hampered the development of an
ongoing therapeutic relationship. They considered a tablet-based
DSS within the context of a clinic visit as a positive addition.
Many were using the internet to acquire information on epilepsy
and most wanted greater communication with their HCP. There
was general agreement for the potential of the epilepsy DSS as a
clinical tool in facilitating patient-provider communication.

Review of Selected Theories, Models, and Practice Guidelines for
Chronic Disease Management. Social cognitive theory (SCT)
and self-regulation models (77-79) were consistently reported
in the literature in the context of S-M of epilepsy and other
chronic diseases (80, 81) and associated with key psychosocial
determinants, including knowledge, outcome expectations, and
self-efficacy and skills previously described. A tenet of SCT is
that behavior is determined by the interaction of personal, envi-
ronmental, and behavioral influences (77). Personal influencers
include cognitions, such as personal values, beliefs, skills, out-
come expectations, and self-efficacy. Environmental influencers
include social or physical factors (e.g., influential role models,
social or normative support). Self-regulation is a potent SCT
concept for organizing health education in the management
of chronic health disorders (82, 83). It comprises primary sub-
functions of behavior self-monitoring (including antecedents
and consequences); judgment of one’s behavior in compari-
son to optimal personal standards and environmental circum-
stances; and self-reaction (behavior to rectify drifts from optimal
S-M) (84). The categorization of S-M behaviors in Figure 1 are
informed by this self-regulation framework (Figure 1). The term
self-regulation refers to both the patient’s management of his/
her own care and the transfer of S-M tasks to the patient by the
HCP as appropriate. Self-regulation has the potential of improv-
ing the patient’s autonomy and increasing adherence to medical
regimens, which can improve medical outcome. Self-regulation
necessitates a more prominent role of the patient in first deter-
mining, and then monitoring, behaviors and environment, and
then modifying therapeutic regimens accordingly in collabora-
tion with the HCP. Self-efficacy and outcome expectations have
been described as determinants of epilepsy S-M behavior (10, 16).

The 5-A's model of behavior change (81), quality-of-care crite-
ria, and clinical guidelines for epilepsy (13, 31, 32, 85); informed
MINDSET’s scope, components, and relevance within a clinical
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context (described in Step 3). Motivational enhancement therapy
protocols (86) provided a means of eliciting decision-making
within an mHealth program. Both motivational interviewing
and shared decision-making supports the ethical principle of
self-determination (87) Motivational enhancement protocols
used to elicit movement toward behavioral change had been used
in previous decision-support studies (88, 89).

Empirical Study of S-M Determinants in the Target Population. To
collect additional data on determinants of poor epilepsy S-M
in their priority population, the planning team conducted sur-
veys with PWE receiving care at two clinics in the Houston area
(n = 238) (10). The objective was to examine variation in S-M
across diverse patient populations and explore the association
between personal psychosocial factors (knowledge, self-efficacy,
depression, and stigma) with S-M. A cohort of 437 patients pre-
viously enrolled in the CDC-funded Epilepsy Care and Outcomes
Study (41) completed a 45-minute S-M survey within the con-
text of their regular clinic visit. The survey comprised scales
previously reported in epilepsy-related research, including the
Epilepsy S-M Scale, Epilepsy Knowledge Scale, Epilepsy Self-
efficacy Scale, Outcome expectations, Shared Control portion
of the Multidimensional Desire for Control Scale, Personal
Resource Questionnaire 85 Part 2, Center for Epidemiologic
Studies Depression Scale, and Modified Parent Stigma Scale,
and Patient Satisfaction Questionnaire-III. The justification for
these scales was recent research that had focused on assessing the
association of these factors and epilepsy-related S-M behaviors.
Dilorio et al. (90) determined the association of the assistance
aspect of social support with regimen-specific support (41). Self-
efficacy was significantly associated with outcome expectancy
and anxiety in the predicted directions and anxiety was signifi-
cantly negatively associated with S-M (90). Dilorio et al. deter-
mined that self-efficacy and patient satisfaction explained the
most variance in medication management (16). Self-efficacy was
associated with social support, stigma, outcome expectations,
and depressive symptoms. Stigma was associated with depres-
sive symptoms (16). The overall fit of the model was improved
by adding the direct association between stigma and outcome
expectations for seizures to S-M (90). Dilorio et al. (91) iden-
tified depressive symptoms and seizure severity as significant
antecedents of self-efficacy for epilepsy S-M. Also significant were
predictors of social support and stigma (91). Self-efficacy, social
support, depression, and perceived stigma were significantly
related to S-M regardless of demographics, seizure frequency, or
socio-economic status (p < 0.05). These findings suggested that
the difficulties with S-M faced by many patients with epilepsy are
similar irrespective of a patients background or characteristics
and that the types of strategies to improve S-M appear similar
regardless of population heterogeneity.

Task 1.3 Describe the Context for the Intervention, Including
the Population, Setting, and Community

Management Information Decision Support Epilepsy Tool devel-
opment was modestly focused on application for patients in the
collaborating clinics (previously described). The heterogeneity
offered in the clinic type (HMO, community clinic, and teaching

hospital) and the patient population (demographics and epilepsy
type) provided an excellent test-bed for development.

The family, significant others, and community sentiment
regarding epilepsy were important environmental influences
(Figure 1). Given the clinical setting, the priority environmental
focus was the HCP. A caregiver component was considered, and
though valid, represented an extension of project scope without
universal relevance to PWE who may lack this social network,
who are not accompanied to clinic visits, and who are not ready
to involve others in their S-M. Broader community influencers,
while important, were also outside the scope of the project.

Task 1.4 State Program Goals

Goals for MINDSET were to influence patient S-M behavior
and to influence the mediating patient-provider communica-
tion regarding S-M. Respective patient and provider goals for
MINDSET included:

1. Patients with epilepsy who use the MINDSET S-M DSS in the
context of their usual clinic visit for three consecutive clinic
visits over a 9-month period will report at least three fewer
“at-risk” S-M behaviors (assessed by the Epilepsy S-M scale)
compared to patients who do not use MINDSET.

2. HCPs who use the MINDSET S-M DSS in the context of their
usual clinic visit will focus discussion on at least 3 “at-risk”
S-M behaviors (assessed by the Epilepsy S-M scale) at every
visit with every patient using MINDSET.

IM Step 2: Program Outcomes and
Objectives—Logic Model of Change

Step 2 comprised: identification of expected outcomes, perfor-
mance objectives (POs), and determinants for the behavior and
environment; the development of matrices of change objectives;
and the construction of a logic model of change for the program.
This step enabled the triangulation of data obtained in Step 1
(from theory, empirical findings, and participant involvement)
to inform a logic model of change.

Task 2.1 State Expected Outcomes for Behavior and
Environment
Expected Behavioral Outcomes. Management Information
Decision Support Epilepsy Tool was designed to positively impact
S-M behavior for epilepsy that encompassed three domains:
Medication management, seizure management, and lifestyle
management.

The expected behavioral outcomes for PWE related to each
domain were as follows:

o Take AEDs as prescribed by the physician (medication
management).

o Prepare for, and respond to, seizure episodes (seizure
management).

o Alter behaviors to avoid seizure onset and seizure-related
injury (lifestyle management).

Targeted health and quality of life outcomes included
decreased seizures (number and duration) and AED side effects
and improved daily functioning resulting in improved work
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productivity, less injury, and reduced ER visits, hospitalization,
or death attributable to epilepsy (Figure 1).

Expected Environmental Outcomes. Management Information
Decision Support Epilepsy Tool was designed for use in the clinic
visit so S-M assessment and intervention needed to become a
minimally invasive component of the clinic flow. Rather than
manipulate varied clinic environments (which would be prohib-
itive when considering future dissemination), the environmental
outcome focused on the interpersonal level of the HCP (neurolo-
gist and nurse educator). Therefore, the environmental outcome
was focused at a personal level:

o HCP and/or nurse educator will support PWE to self-manage
their condition.

Task 2.2 Specify POs for Health-Promoting Behavior and
Environmental Outcomes

POs for Epilepsy S-M. Performance objectives were described
for each S-M outcome: medication management, seizure man-
agement, and lifestyle management. These are listed in Figure 2
and were drawn mainly from review of existing literature and

S-M measurement instrument domains (7). MINDSET and the
patient action plan alert both the patient and HCP when change
in S-M behavior is needed and cues them to decide on S-M pri-
orities or goals based on available evidence and to agree on how
best to achieve these S-M changes. The action plan provides the
patient with an ongoing resource outside of the clinic visit on pri-
ority S-M performance objectives and strategies to achieve them
(described further in Task 4.3 below).

POs for HCPs. The environmental focus for MINDSET was
for the HCP to support S-M awareness raising and skills train-
ing (Figure 2). This included identification and review of S-M
problems, and discussion with the patient to develop agreed
upon S-M behavioral goals. The HCP’s behaviors were struc-
tured in accordance with the 5 As model and included request-
ing the patient complete data input into MINDSET, reviewing
their epilepsy management profile, and acknowledging status
(ASSESS); reviewing the patient’s epilepsy profile, reinforcing
past management successes, and discussing personally relevant,
specific recommendations for behavior change (ADVISE); reach-
ing agreement on treatment goals with the patient (AGREE);
reviewing barriers to achieving goals and agreeing on strategies

Personal Determinants (PWE)

« Knowledge (declarative & procedural)

« Perceived self-efficacy >

« Perceived importance

« Skills needed for self-management
behaviors

PO.6. PWE controls allergies;

Self-management behaviors for PWE
Medication management: Take anti-seizure medication as prescribed by physician

PO.1. PWE makes commitment to be adherent

PO.2. PWE takes medicine correctly and on time

PO.3. PWE has medication readily accessible (at home and away from home)
PO.4. PWE keeps routine clinic appointments

Seizure management: Prepare for, and respond to, seizure episodes

PO.1. PWE avoids known antecedents of seizure onset
PO.2. PWE recognizes early warning signs
PO.3. PWE communicates with family/HCP in an acute situation
PO.4. PWE initiates first aid activities - recognizing status epilepticus
PO.5. PWE contacts the HCP if having more seizures than usual

Life management: Alter behaviors to avoid seizure onset:

PO.1. PWE maintains “normal” sleep levels;
PO.2. PWE reduces stress (emotional and physical);

PO.3. PWE avoids ingested triggers of alcohol, drugs, OTC meds, caffeine;
PO.4. PWE avoids environmental triggers (e.g. blinking lights)

PO.5. PWE maintains healthy diet, keeps hydrated, and avoids hypoglycaemia;

Health Outcomes and Quality of Life

Symptoms:
Less seizures (number and duration)
Less medication side effects

| Functional status

Improved daily functioning leading to:

« Psychosocial functioning, memory, &
concentration

« Work productivity

« Less injury

* Reduced ER visits, hospitalization, death

PO.7. PWE takes safety precautions in sport, recreational, and domestic activities,
PO.8. PWE develops a social support network;
PO.9. PWE wears identification (e.g. MedicAlert bracelet);

*

Personal Determinants

HCP knowledge, self-efficacy, outcome
expectations, skills, and time to
communicate with patients/families,
train them in self-management skills,
and reinforce self-management.

Family’s knowledge and skills to
provide social support of self-
management and reinforce self-
management.

Environmental Factor (Interpersonal)

Healthcare provider and/or nurse educator will support people with epilepsy to self-
manage their condition

PO.1. HCP assesses the patient’s epilepsy status & self-management behavior &
reviews their epilepsy management profile

PO.2. HCP reviews the patient’s epilepsy profile and discuss personally relevant,
specific recommendations for behavior change.

PO.3. HCP discusses & agrees on treatment goals & strategies with the patient.

PO.4. HCP reviews barriers to achieving goals, agrees on strategies to overcome
them, & provides the patient with an epilepsy action plan.

PO.5. HCP provides the patient their personalized action plan printout to take home
& follow-ups up with a ‘booster’ call 1 week after the visit.

PO.6. HCP links the patient to clinical & community resources appropriate to the
support and resource needed.

FIGURE 2 | PRECEDE logic model of change for MINDSET (101).
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to overcome them, and providing the patient with an action plan
(ASSIST); reviewing epilepsy S-M change at each visit by com-
paring MINDSET epilepsy profile with that of the previous visit,
arranging referrals appropriate to existing co-morbidities in the
patient profile, and linking patients to appropriate community
resources to provide the support needed (ARRANGE). The brief-
ness of clinic encounters made it challenging to adequately review
S-M and such assessments had lacked formality. There was oppor-
tunity for relative improvement in the HCP modus operandi as it
pertained to S-M intervention.

Task2.3Select Determinantsfor Behavioraland Environmental
Outcomes

Information obtained from the needs assessment phase (Step 1)
and Step 2 literature review informed the specification of deter-
minants for the POs. After reviewing findings from the empirical
literature, SCT and self-regulation models, motivational enhance-
ment therapy, and our own formative research (Task 1.2 above),
we identified knowledge, self-efficacy, perceived importance,
and skills as important and changeable determinants of epilepsy
S-M for PWE (Table 1). Similarly, we identified knowledge, self-
efficacy and skills, and outcome expectations as important and
changeable determinants of the HCP’s behavior (Table 2).

Task 2.4 Construct Matrices of Change Objectives

Matrices were developed that cross-referenced behavioral POs
with determinants to produce change objectives. The resulting
cells of each matrix contained change objectives that stated what
needed to change about a specific determinant (e.g., self-efficacy)
for the patient to achieve a specific PO. Change objectives were
produced for each relevant cell of the matrix. Example cells from
the matrix for adherence to the prescription plan for AEDs are
provided in Table 1. Similarly, a matrix was developed to describe
the behaviors to be engaged in by the HCP that incorporated the
MINDSET action plan into the clinic encounter (Table 2).

Task 2.5 Create a Logic Model of Change

A logic model provided an understanding of the types of func-
tional components MINDSET would need to provide to impact
both the patient’s S-M behaviors as well as the HCP-patient
discussion of S-M in the clinic visit (Figure 2).

IM Step 3: Program Plan

Step 3 comprised the generation of MINDSET’s scope and
sequence, the choice of theory and evidence-based methods, and
the design of practical applications to deliver change methods.

Task 3.1 Generate Program Themes, Components, Scope, and
Sequence

The theoretical framework for MINDSET is based in SCT (77),
self-regulation models (77, 78) the 5-As model of behavioral
change (92), motivational enhancement therapy (86), quality-
of-care criteria and clinical guidelines for epilepsy (13, 33, 34,
83), and formative studies (10, 93) drawn from the review of lit-
erature. The literature reviewed in Step 1 on decision support and
S-M in epilepsy was particularly helpful in informing methods
(10, 25, 94, 95).

The challenge was to develop a program to be able to fulfill
five functional objectives involving both the patient and provider,
without disrupting the flow of a typical clinic visit:

. Increase patient awareness about their S-M behaviors.

. Provide immediate feedback on S-M behaviors.

. Provide a profile of the patient’s S-M behavior for the HCP.

. Provide tailored S-M behavioral goals for the patient and HCP,
including a printable S-M Action Plan.

5. Increase the potential for patient-provider communication of

S-M problems and goal setting.

PSSV S

Management Information Decision Support Epilepsy Tool’s
scope was contained to only relevant data necessary for the visit
so as to not unduly intrude on the timing of events in the clinic
flow and to not over-burden the patient. These objectives and our
observation of the natural clinic flow suggested the scope and
sequence of MINDSET. It was possible for the patient to enter
and review their data in MINDSET in the waiting room prior
to their visit, and then to provide this profile and the tailored
action plan to the HCP for review and discussion in the clinic
visit. MINDSET’s scope and sequence are more fully detailed in
Step 4.2 below. The original working title for the program was
“Brainstorm.” The PPAG advised against this title. While the
notions of epilepsy as a brain-related disorder and thinking about
management are apparent in this title the term “brainstorm” also
has connotations with the erratic neural activity of a seizure and
was considered too provocative by patients and providers. The
MINDSET acronym, Management Information and Decision
Support Epilepsy Tool, offered two contextually related mean-
ings, that of the cognitive profile of the patient explored in the
retrospective data input phase, and of “setting” one’s mind which
relates to the prospective action plan phase.

Task 3.2 Choose Theory and Evidence-Based Change Methods
Individual Behaviors. 'Theoretical and empirically based meth-
ods for S-M education, included chunking of information into
a meaningful framework of S-M domains, self-assessment of
S-M behaviors, feedback of a S-M profile to the patient to give an
assessment of their S-M status, reinforcement for behavioral suc-
cesses, goal setting to address those behaviors that were a problem
for S-M, tailoring of goals based on the patient’s individual pro-
file, advance organizers and cue altering for S-M using behavioral
strategies, self-monitoring of behaviors and environment, and
facilitation and linkage to care/support as needed (Table 3). The
research team selected methods based on (1) our previous work
in decision support of chronic disease (96) and technology-based
behavioral change interventions founded in self-regulation
frameworks within varied health domains (97-99), (2) empiri-
cal evidence for use to impact the target determinants (exempli-
fied in Table 3), and (3) the pragmatics of use in a tablet-based
program. These methods and their related practical applications
(Task 3.3) could all be delivered through repeated exposure to
the MINDSET intervention in clinic visits over time. Their oper-
ationalization within MINDSET is described in Task 4.1 below.

Clinic Environment. ~Guidance on how MINDSET could align
to existing guidelines, recommendations, and clinic flow was
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TABLE 1 | Example cells from the matrix of change objectives for patient behavior.

Behavioral Outcome: people with epilepsy (PWE) will take AED (ASM) as prescribed by physician

Performance

Determinants

objectives (POs)

Knowledge Perceived importance Perceived Self-efficacy and skills
PO.1. PWE makes K1i.  Describe how ASMs work PI1. State that it is SE/S1i. Express confidence and demonstrate ability to
commitment to be K1ii. - List consequences of non-adherence important to take commit to ASM adherence
adherent Kiv. State reasons for taking meds as prescribed meds as prjscripidlto SE/STii. Express confidence and demonstrate ability to
(will improve/maintain health, reduce likelihood Improve and maintain understand how meds work
) oo ) health status
of seizures, reduce likelihood of accidents or
hospitalization)
PO-?- ‘PWE takes K2i.  Describe why, how, and when to take meds Pl2  State that it is SE/S2i. Express confidence and demonstrate ability to
med|cm§ correctly correctly (name of pill, time, # pills, with/without important to take meds take meds as prescribed
and on time food) correctly to improve SE/S2ii. Express confidence and demonstrate ability to
K2ii.  List situations that make taking meds on time and maintain health take meds discretely if needed
difficult status SE/S2iii. Express confidence and demonstrate ability to
K2iii. List cues to action (memory aids) for taking use cues/memory aids
meds correctly (e.g., by toothbrush, pill box, at SE/S2iv. Express confidence and demonstrate ability to
mealtimes) make up a missed dose(s) correctly
K2iv. List ways to take meds discretely either at home SE/S2v. Express confidence and demonstrate ability to
or away from home overcome side effects
K2v. Describe why and how to correctly make up for
a missed dose(s)
K2vi. State reasons to talk with physician if missing
doses
K2vii. List side effects
PO-?’- PWE hasl K3i.  List personal medications PI3i. State that it is SE/S8i.  Express confidence and demonstrate ability to
medication readily K3ii. Lists places to store medication at home important to have store medication appropriately at home
accessible (at home icati ; o , .
and away from home) K@il List ways to carry medication when away from me@caﬂon readily SE/SBii. Express confidence and demonstrate ability to
y home available to reduce the carry medication outside of home
likelihood of missin L .
K3iv. State how often prescription needs to be refilled doses 9 SE/Siii. If living alone, express confidence and
Kav. If living alone. state how to refill prescrintion demonstrate ability in filling prescription on
: g @lone, state how 1o retill prescriptio PI3ii. State that it is time
important to plan
ahead to refill
prescriptions to ensure
constant supply of
meds
Po-f‘- PWE keeps K4i. State date/time of next appointment Pl4i. State that it is SE/S4i. Express confidence and demonstrate ability
rout|Qe clinic important to keep in recording date/time of the next appt. and in
appointments appointments so that keeping scheduled clinic appointments.

the physician will be
better able to monitor
health and how well
meds are working

informed by the 5 As model, quality assurance guidelines, and
clinic task analysis. The 5 As Behavior Change Model. The 5 As
Behavior Change Model (used with the Improving Chronic Illness
Care Chronic Care Model) provided a framework for develop-
ing the scope, contextual fit, and application of MINDSET at the
interpersonal (patient-provider interaction) level (81). A tenet of
the model is that chronic illness patients have a S-M Action Plan
covering the 5 A’s elements (Assess, Advise, Agree, Assist, and
Arrange). Quality-of-Care Measures. Quality-of-care measures
for epilepsy management include an array of assessment, treat-
ment, and counseling protocols representing the best practice
recommendations (33, 34, 100). Published quality care measures

for the clinical management of epilepsy were consulted to deter-
mine the context of use for the practice of medicine. Aligning
MINDSET function within these protocols positioned it for ready
acceptance for clinic use. Clinic Task Analysis. Task analysis was
conducted to examine the clinic flow in each of the participat-
ing clinics to understand the on-site operation and to determine
logical opportunities for intervention without compromising
that clinic flow (101) (Figures 3 and 4). This involved shadow-
ing patients through their clinic visit in each of the participating
neurology clinics, examining data flow within the clinic for each
patient, decision-making by HCP, interaction points between the
patient and provider, and duration in each location.
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TABLE 2 | Example cells from the interpersonal environment matrix for Ohealthcare providers (HCPs).

Interpersonal outcome: HCP will support people with epilepsy (PWE) to self-manage their condition

Performance objectives (POs)

Determinants

Knowledge Outcome expectations Self-efficacy and Skills
ASSESS PO.1.i. Assess patient’s epilepsy ~ K1i. Describe how to assess OE1i. Expect that determining SE/S1i. Express confidence and
PO.1. HCP status, including seizure the patient’s epilepsy the patient’s epilepsy demonstrate ability to
assesses the history, medication status status leads to more interpret the patient’s
patient’s epilepsy history, side effects, salient treatment goals and status
status and compliance, and barriers better control of epilepsy
S-M behavior
and reviews PO.1.ii. Assess patient’s K1ii. Describe how to assess OETii. Expect that determining SE/S1ii. Express confidence and
their epilepsy S-M for seizure, the patient’s epilepsy S-M the patient’s epilepsy S-M demonstrate ability to
management profile medication, and lifestyle behaviors leads to more salient S-M interpret the patient’s S-M
S-M goals and better control of
epilepsy
PO.1.iii. Assess patient’s attitudes ~ K1iii. Describe how to interpret OEHiii. Expect that determining SE/SHiii. Express confidence and
(importance and the patient’s perceived the patient’s perceived demonstrate ability to
confidence) regarding importance and self- importance and self- interpret the patient’s
S-M behaviors efficacy to prioritize S-M efficacy for epilepsy S-M perceived importance and
goals leads to more salient S-M self-efficacy
goals and better control of
epilepsy
PO.1.iv. Provide patient K1iv. Describe how to ensure OEfiv. Expect that providing the SE/S1iv. Express confidence and
with personalized the patient has access to tailored action plan to demonstrate ability to be
feedback on epilepsy an action plan and how to the patient for review will able to ensure the patient
status and S-M for review print this for the patient lead to more salient S-M has access to an action
goals and better control of plan and how to print this
epilepsy for the patient
ADVISE PO.2.i. Relate patient symptoms ~ K2i  Describe how including OE2i. Expect that creating SE/S2i. Express confidence and
PO.2. HCP reviews or lab results to their patient’s input in goal patient treatment goals demonstrate ability to
the patient’s behavior, recognizing setting leads to greater leads to better control of determine appropriate
epilepsy profile patient’s culture or adherence to the treatment epilepsy treatment goals from
and discusses personal illness model plan patient information
personally
relevant, specific PO.2.ii. Inform patient that K2ii List reasons to treat OE2ii. Expect that explaining SE/S2ii. Express confidence and
recommendations management is epilepsy as a chronic S-M goals for epilepsy demonstrates ability to be
for behavior change more than just taking ilness management will help able to persuade patients
medications the patient to achieve the that better function is
outcomes described possible when epilepsy is
well treated
PO.2.iii. Provide specific, K2iii  Show familiarity with the OE2iii. Expect that using the SE/S2iii. Express confidence in
documented behavior action plan action plan will enable being able to use plan at
change advice (action patient to better manage each visit
plan) in the form of a epilepsy
prescription
AGREE PO.3.i. Review with patient KBi. Describe how to review OEBi. Expect that reviewing SE/S3i. Express confidence and
PO.3. HCP prioritized goals in the prioritized goals in the prioritized goals in the demonstrate ability to
discusses and patient’s action plan patient’s action plan patient’s action plan leads review prioritized goals in
agrees on to greater adherence to the patient’s action plan
treatment goals the action plan
and strategies with
the patient PO.3.ii. Discuss and agree on K3ii. Describe how to include OESii. Expect that agreeing and SE/S3ii. Express confidence and
specific goals to achieve patient’s input in goal meeting S-M goals will demonstrate ability to
by the next visit setting for shared lead to better control of discuss and agree on
decision-making epilepsy appropriate treatment
goals with the patient.
PO.3.iii. Review recommended Kaiii. Describe how to OERGiii. Expect that agreeing on SE/SGiii. Express confidence

strategies with the
patient needed to
achieve targeted goals

include patient’s input
in strategies for shared
decision-making.

strategies to meet S-M
goals will lead to a greater
chance of achieving those
goals

and demonstrate ability
to review strategies to
achieve S-M goals with
the patient

(Continued)
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TABLE 2 | Continued

Interpersonal outcome: HCP will support people with epilepsy (PWE) to self-manage their condition

Performance objectives (POs)

Determinants

Knowledge Outcome expectations Self-efficacy and Skills
PO.3.iv. Review barriers KBiv Describe how to review OESiv. Expect that reviewing SE/SBiv. Express confidence and
to meeting S-M goals: barriers to S-M goals using barriers to S-M goals wil demonstrate ability to be
Ask patient, “What are the action plan lead to better S-M practice able to review barriers
your most challenging to S-M goals using the
barriers?,” recognizing action plan
physical, social and
economic barriers
ASSIST PO.4.i. Help patient develop K4i. Describe how to review OE4i. Expect that listing SE/S4i. Express confidence and
PO.4. HCP strategies to address barriers and elicit patient’s barriers and strategies to demonstrate ability to
reviews barriers barriers to change (write input in strategies to overcome them will lead determine barriers and list
to achieving on Action Plan form) overcome barriers to a greater chance of strategies to overcome
goals, agrees (ask is there anything that achieving S-M goals them
on strategies to would prevent you from
overcome them, doing these strategies?)
and provides the
patient with an PO.4.ii. Refer patient to K4ii. Describe how to refer the OE4ii. Expect that referring the SE/S4ii. Express confidence
epilepsy action plan evidence-based patient to evidence-based patient to evidence-based and demonstrate ability
education or behavioral education or behavioral education or behavioral to refer the patient to
counseling — individual or counseling counseling will lead to evidence-based education
group a greater chance of or behavioral counseling
achieving S-M goals
PO.4.iii. Elicit patient’s views Kdiii. Describe how to elicit the OE4iii. Expect that eliciting the SE/S4iii. Express confidence and
and plans regarding patient’s views and plans patient’s views and plans demonstrate ability to
potential resources and regarding family support regarding family support elicit the patient’s views
support within family and will lead to a greater and plans regarding family
community chance of achieving S-M support
goals
ARRANGE PO.5. HCP provides the patient K5. Describe the process to OE5.  Expect that providing the SE/S5.  Express confidence and
with their personalized provide the action plan action plan and booster demonstrate ability to
action plan printout to and conduct a follow-up follow-up call will lead action plan and follow-up
take home and follows- booster to better epilepsy S-M booster call
up with a “booster” call 1 behavior
week after the visit.
PO.6. HCP links the patient to K6. Describe the process to OEB. Expect that linkage to SE/S6. Express confidence and

clinical and community
resources appropriate to
the support and resource
needed

link patients to clinical and
community resources

clinical and community
resources tailored to
patient needs will lead
to better epilepsy S-M
behavior

ability to provide linkage
to clinical and community
resources

Task 3.3 Select or Design Practical Applications to Deliver
Change Methods

The planning team selected specific practical applications to
operationalize the theory-based change methods in ways that
fit the population and setting for the intervention. We designed
MINDSET to be easy to use by physician and patient and port-
able to be able to accompany the patient through the clinic visit.
A PC tablet-based tailored self-assessment approach appeared
feasible for intervention delivery. Inclusion of data familiar and
important to HCPs (e.g., seizure frequency and history, medica-
tion missed doses, and side effects) were included with the less
familiar data on S-M behaviors for seizure, medication, and
lifestyle management to provide added salience for use in the
clinic setting. Clinic visit time constraints further suggested the
advantages of tailoring data input such that patients would only

enter their perceived self-efficacy and importance for “flagged”
S-M problem behaviors. An action plan that could be printed in
the clinic provided a vehicle for use by both patient and provider
during the clinic visit as well as an ongoing reference by the
patient between clinic visits.

IM Step 4: Program Production

Step 4 comprised refinement of the programs structure and
organization, planning for program materials, drafting of mes-
sages and materials, and pretesting, refinement, and production
of materials.

Task 4.1 Refine Program Structure and Organization
Management Information Decision Support Epilepsy Tool is
provided on a tablet-based platform to provide S-M decision
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TABLE 3 | Example of methods and practical applications used in MINDSET to impact the determinants (knowledge, self-efficacy, perceived importance, and skills) for
adhering to prescribed medications.

Behavioral outcome: people with epilepsy (PWE) will take anti-seizure medicine as prescribed by physician.
Performance objective (PO) 2: PWE will take medications correctly and on time

# Objective Method Practical applications
1 Ka2iii list cues to action for  Chunking Epilepsy management is categorized into 3 domains to enable the patient to organize what is a
taking meds complex array of behaviors. The domains are management for seizures, medication, and lifestyle.
Cues to action for taking meds, therefore, occurs within the domain if medication management
3 Feedback, Information transfer, ~ The patient profile and action plan indicate the patient’s adherence status including “at-risk”
Consciousness raising medication management behavior, and how this has changed since the last visit (improved,

worsened, no change), barriers to medication taking, self-efficacy, and importance

4 Reinforcement and remediation ~ The profile and action plan provide remediation that stresses the importance of medication
management behaviors (e.g., strategies)

6 Tailoring The patient profile and action plan are tailored to provide a list of S-M goals salient to the patient
(based on data input) based on assessment of importance and self-efficacy. If the patient rates the
medication adherence behavior as important and s/he has low efficacy to perform this behavior then
the adherence behavior will be listed as a higher priority in the action plan

8 Advance organizing The patient profile provides advice boxes and the action plan provides bulleted strategies on how to
list cues to action for medication adherence

9 Cue to action A cue is provided for the patient to discuss the medication adherence goal with the HCP during the
clinic visit and a list of strategies related to memory aids is provided

10  SE2iii express confidence  Reinforcement and remediation  The profile and action plan provide reinforcement messages (congratulatory statements) to patients

in ability to use cues/ who have no flagged medication management behaviors
memory aids The profile and action plan provide remediation stressing the importance of medication management
behaviors
1 Goal setting If medication adherence behavior is flagged as “at-risk” then this behavior is reframed in the action

plan as a S-M goal

12 Tailoring The patient profile and action plan are tailored to provide a list of S-M goals salient to the patient
(based on data input) based on assessment of importance and self-efficacy. If the patient rates the
medication adherence behavior as important and s/he has low efficacy to perform this behavior then
the adherence behavior will be listed as a higher priority in the action plan

13 S2iii demonstrate ability Planning coping responses Patient and HCP review and discuss causes (barriers) for medication non-adherence and review the
to use memory aids patient profile and action plan for recommended strategies
Patient and provider agree on the patient’s commitment to the medication adherence goal
14 Cue altering Patient and HCP rehearse specific strategies and patient initiates cues to ensure adherence. For
example, keeping a pill box in toiletry bag to cue packing meds before a trip and tagging refill dates
on work schedules
15 Self-monitoring Patient maintains a record of medication adherence
16 Facilitation/Linkage to care/ Patient is linked to resources (e.g., Epilepsy Foundation) for more strategies
support
17 Repeated exposure MINDSET is provided at each clinic visit
18 PI2 state that it is Self-assessment The patient inputs information on his/her medication adherence and medication management
19 important to take behavior and, if adherence is a problem, barriers to medication taking, self-efficacy, and importance
medications correctly to
20 improve and maintain Reinforcement and remediation ~ The profile and action plan provide reinforcement messages (congratulatory statements) to patients
health status who have no flagged medication management behaviors through
The profile and action plan provide remediation stressing the importance of medication management
behaviors
21 Goal setting If medication adherence behavior is flagged as “at-risk” then this behavior is reframed in the action
plan as a S-M goal.
22 Tailoring The patient profile and action plan are tailored to provide a list of S-M goals salient to the patient

(based on data input) based on assessment of importance and self-efficacy. If the patient rates the
medication adherence behavior as important and s/he has low efficacy to perform this behavior then
the adherence behavior will be listed as a higher priority in the action plan
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FIGURE 3 | Management Information Decision Support Epilepsy Tool (MINDSET) use within the clinic visit and top-level flow (101).

WAITING ROOM -
Login

o

v

Introduction

-

v

PATIENT

(My Profile)

Enters Screening Questions

patient profile

sy

IR, S

MINDSET generates on-line

-

(My Plan)

Reviews patient profile

Reviews patient data, recommended goals,
tailored reinforcement & remediation messages

DOCTOR’S OFFICE

HCP o P

Reviews patient profile

v

HCP & PATIENT —| HCP confirms data with patient I

v

Refers to communication cues

HCP &

Discuss issues ‘flagged’ as problem

(reinforcement, check barriers, review

e—s|

PATIENT y

skills, link to resources)

Develop action plan : Seizure, Medicine,
Lifestyle, Next visit.

¥ ___

Printout action plan

FIGURE 4 | Management Information Decision Support Epilepsy Tool (MINDSET) upper-level flow (101).

support to patients (>18 years) and HCPs during their clinic visit
and a printable action plan to provide decision support to patients
outside the clinic (102). Originally mounted on an Archos 101
Android tablet platform (and subsequently on a Windows-based
Dell platform), the use of MINDSET in the clinic comprises:
(1) data entry by the patient; (2) data review by the patient and
HCP; and (3) discussion by the patient and HCP of issues, goals,
and strategies in conjunction with a tailored action plan (102).
MINDSET was designed for the patient to enter data in the waiting
room, prior to seeing their HCP. Data represented three epilepsy
S-M domains: medication; seizures; and lifestyle. The method of
chunking (Table 4, #1) informed us in distilling the complexity
of epilepsy S-M into questions assessing 3 management domains
and 13 S-M sub-domains including medication S-M (“current
AED prescriptions, medication adherence, adherence barriers,
side effects, and medication, S-M behaviors”), seizure S-M (“the
patient’s recent seizure history, including frequency and type, and

seizure S-M behaviors”), and lifestyle S-M (“including mood,
social life including sexual relationships, child care, employment,
and driving, physical activity, safety, record keeping, social sup-
port, and clinic visits”) (102).

Patient Data Entry for Assessment. Scales were embedded in
MINDSET to provide assessment of the critical behaviors and
determinants previously identified (Tables 1 and 2). A design
specification was that MINDSET be minimally intrusive of clinic
flow and patient burden. Therefore, an assessment battery was
designed that collected information based on theory and empir-
ical relevance, availability of a comprehensive and psychomet-
rically valid scale, and clinical practice needs. For this reason,
the determinant of knowledge was not assessed in MINDSET,
though addressed in tailored messaging and action plan feed-
back. Furthermore, in response to the need for utility for use,
assessment was tailored such that data were collected only when
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TABLE 4 | Examples of theoretical methods and practical applications used in MINDSET.

# Method Definition

Practical applications

1 Chunking Using stimulus patterns that may be made up of

parts but that one perceives as a whole

Organization of the complexity of epilepsy S-M into sub-categories and domains.
For example, the patient completes MINDSET S-M assessment by addressing
behaviors related to seizure management, then medication management, then
lifestyle management

2 Self-assessment,
Consciousness raising,
Information transfer

Providing information, feedback, or confrontation
about the causes, consequences, and alternatives
for a problem or a problem behavior

Providing the patient with an epilepsy S-M profile raises awareness of issues that
had previously been ignored. Tailored advice messages on the printed action plan
list examples of behavioral strategies to meet S-M goals (see Table 7)

3 Feedback Giving information regarding the extent to which the  The patient’s action plan provides an indicator for how a “risk” behavior has
individual is accomplishing learning or performance, changed since the last visit (improved, worsened, no change)
and the extent to which the performance is having
an impact

4 Tailoring Matching the intervention and components The patient profile and action plan are tailored on the S-M data provided by the

to previously measured characteristics of the
participant

patient. S-M goals are prioritized by flagged behaviors and patient ratings of self-
efficacy and importance of the behavior. The patient’s action plan is dynamically
built in response to the patient’s individual profile data

5 Reinforcement Linking the behavior to any consequence that
increases the behavior’s rate, frequency and

probability

The profile and action plan provide reinforcement messages to patients who have
no flagged behaviors through congratulatory statements in the action plan

6 Advance organizing Presenting an overview of the material that enables
a learner to activate relevant schemas so that new

material can be associated

The Action Plan delivers a S-M profile and goals in a logical format that mirrors

the conceptualization of S-M within 3 domains to simplify understanding of what
needs to be done. The MINDSET action plan provides recommended strategies to
support S-M goals to prevent seizures

7 Goal setting Prompting planning what the person will do,
including a definition of goal-directed behaviors that

result in the target behavior

Commitment to S-M goals that are agreed on by patient and provider. Flagged
behaviors are reframed in the action plan as S-M goals (e.g., Make sure to get
enough sleep)

8 Cues to action

to their individual progress

Providing opportunities for learners to have personal
questions answered or instructions paced according

Cues are provided for the patient to discuss “at-risk” (flagged) behaviors with the
HCP during the clinic visit

9 Planning coping
responses

Getting a person to identify potential barriers and
ways to overcome these

Discussion of causes for non-adherence of anti-seizures medication and review of
recommended strategies to derive ways to overcome barriers to adherence

10 Cue altering Teaching people to change a stimulus that elicits or

signals a behavior

A strategy is provided to introduce cues to pack sufficient anti-seizure when
packing for a trip

11 Self-monitoring Prompting the person to keep a record of specified

behaviors

Recommended strategies for monitoring include record keeping (e.g., a symptom
diary and seizure tracking) to enable better understanding of seizure antecedents

12 Facilitation/Linkage to
care/support

Creating an environment that makes the action
easier or reduces barriers to action

MINDSET provides linkage to community resources and support groups that are
also printed in the action plan (e.g., Epilepsy Foundation)

13 Repeated exposure Making a stimulus repeatedly accessible to the

individual’s sensory receptors

MINDSET is provided at each clinic visit

necessary for a given patient. For example, data on perceived
self-efficacy and importance were only collected on a behavior
if that behavior was flagged as “at-risk” (less than optimal adher-
ence frequency), described in Task 4.2 and Figure 5 below.

Assessment of S-M Behaviors.  Self-assessment was an import-
ant method applied within MINDSET (Table 4). Assessment
of S-M behavior was collected using the 38-item Epilepsy S-M
Scale (7, 8, 16, 55) that delineates behaviors regarding medication
adherence, seizures, information, safety, and lifestyle. Responses
were entered using a button selection on a 5-point Likert scale
ranging from “never” to “always” Perceived self-efficacy to
perform S-M behaviors was assessed using a 33-item Epilepsy
Self-Efficacy Scale (7). Responses were entered on a sliding scale
(slider bar) adapted from motivational enhancement protocols
(86) with a response set ranging from 0 to 10 with 0 being not

at all confident (I cannot do at all) and 10 being extremely con-
fident (Sure I can do) (8, 56). Self-efficacy items were completed
for those behaviors flagged as “at-risk” Also adapted from the
use of decision rulers from motivational enhancement protocols
was the assessment of importance. Responses were based on a
sliding scale from 1 to 10 with 1 indicating not important and 10
indicating extremely important (86).

Assessment of Medication Side Effects and Barriers to
Adherence. Medication side effects represent an important
clinical parameter to inform AED prescription as well as motiva-
tion for medication adherence. Side effects were assessed using a
19-item Epilepsy Adverse Events profile assessing reported prob-
lems during the previous four weeks from a list of 19 adverse
effects (Table 5) (34, 103-105). The scale assessed reported prob-
lems during the previous 4 weeks from a list of 19 adverse drug
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TABLE 5 | Items assessing medication side effects and barriers.

Anti-seizure medicine side effects
(adverse effects scale)

Medication barriers (adapted
from HIV scale)

* None e Concentration e | simply forgot
e Unsteadiness difficulty ¢ | don't like taking pills
e Tiredness * Mouth/gum e | thought the drug was toxic or
* Restlessness problems harmful
® Aggression e Shaky hands e | felt depressed or overwhelmed
* Nervousness * Weight gain o | felt sick
® Hair loss e Dizziness ¢ | wanted to avoid side effects
e Skin changes or e Sleepiness e | was away from home
rash e Depression ® | was busy with other things
e Blurred vision * Memory problems e | had a change in my daily routine
L]

¢ Upset stomach e Disturbed sleep | found it difficult to take pills at
specified times

| slept through the dose time

| did not want others to notice
me taking medication

| had too many pills to take

| ran out of medicine and didn’t
fill the prescription in time

| have difficulty storing/carrying
meds

| have difficulty paying for meds
| have problems filling my
prescription

e Other

effects (Table 5). The original instrument used a 4-point Likert
scale response set: 1. Never a problem; 2. Rarely a problem; 3.
Sometimes a problem; 4. Always a problem (103). Barriers to
AEDs were assessed using a list of 18 barriers to medication
adherence (adapted from previous studies) and provided to
patients reporting missed doses (Table 5) (88).

Assessment of Depression. Depression is a common co-morbidity
of epilepsy that can compromise S-M practice. MINDSET was
not initially designed to intervene on depression directly and
S-M matrices were developed for patients who were physically
and cognitively capable of S-M practice. However, the MINDSET
planning team saw the potential of MINDSET providing neurolo-
gists with the benefit of rapid assessment. Depression was assessed
using the 6-item Neurological Disorders Depression Inventory
for Epilepsy (NDDI-E) Screening Tool that assesses the degree
of depressive symptoms in the last week (106-108). Patients were
“prompted to provide the answer that best described them over
the last 2 weeks for ‘everything is a struggle; ‘nothing I do is right,
T feel guilty, Td be better off dead;, ‘T feel frustrated, and ‘T had
difficulty finding pleasure’ The response set was a 4-point Likert
scale ranging from never to always or often (102)” “NIDDI-E
scores of above 15 were considered positive for depression, with
specificity of 90%, sensitivity of 81%, and positive predictive value
of 0.62” based on the mini international neuropsychiatric inter-
view (MINT) (102, 107, 108).

Patient Review of the S-M Profile. Immediate feedback is an
important method applied in MINDSET (Table 4, #3). A profile is
produced by MINDSET. The patient can review this in the waiting
area and then share it with the HCP (Figure 3). The profile sum-

marizes responses on medication, seizures, and lifestyle, and flags
“at-risk” behaviors based on a comparison of the frequency of
the behavior to benchmarks. As previously described, the patient
rates his/her self-efficacy (confidence) and perceived impor-
tance to perform any S-M behavior that is flagged (Table 4, #4).
Based on programmed benchmarks for behavior (frequency),
self-efficacy (degree of confidence), and perceived importance,
the profile provides a prioritized list of behavioral issues for dis-
cussion, goal setting, and action. The profile has accompanying
tailored advice boxes to increase awareness about strategies to
improve S-M behaviors. If the patient reports no problems with
S-M behaviors (i.e., he/she has no flagged behaviors), reinforce-
ment is provided in a text-based congratulatory message (Table 4,
#5). The advice boxes are also available to provide anticipatory
guidance (or advance organizers) in the form of specific behav-
ioral strategies to consider in the future (Table 4, #6). When
sharing MINDSET, both the patient and HCP can tab to a list of
recommended action items and discuss the items and set goals
(Table 4, #7). “The process of using MINDSET is designed to pro-
mote shared decision-making where a patient and HCP can assess
the need for improvements (both medical and psychosocial) and
make subsequent informed treatment and behavioral change
decisions (102).” The applications, messages, and cues for discus-
sion (Table 4, #8) are designed to impact determinants of knowl-
edge, self-efficacy, perceived importance, and skills (Table 1).

HCP-Patient Review and Discussion of the S-M Profile and Action
Plan. Providing patients with a decision aid to document S-M
behaviors and guide future S-M goals is consistent with other
approaches to chronic disease management (e.g., asthma) (109).
For epilepsy S-M, such tools have focused on acute seizure man-
agement and not broader S-M domains inclusive of medication
or lifestyle behaviors (110). MINDSET flow and function pro-
vides the HCP with an intuitive scaffold to progress through the
management steps of assess, advise, agree, assist, and arrange
(Table 2), allowing a rapid review of a patient’s status, reviewing
strategies to plan coping responses (Table 4, #9), to alter behav-
ioral cues (Table 4, #10), to institute self-monitoring (Table 4,
#11), and to link to family and community support as needed
(Table 4, #12). The process of using MINDSET is reiterated at
each clinic visit (Table 4, #13).

Task 4.2 Prepare Plans for Program Materials

A program design document provided the blueprint for
MINDSET, informed by our understanding of patient characteris-
tics, including knowledge, education, cognitive capacity, and time
available for learning and discussion in the clinic setting (10). The
team developed flowcharts to establish the function of MINDSET
for the programmer, depicting the steps in the development of
a tailored S-M action plan focused on AED adherence, seizure
management, and lifestyle management (Figure 5). Flow charts
and screen map mock-ups were developed as Powerpoint slides
to depict MINDSET content, function, position of menu options,
data entry components, patient profile display screens, and
tailored feedback (bullets and cues). These “proof-of-concept”
layouts illustrated what the patient and provider would see (the
look and feel of the program).
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| Log in & Introduction

| Seizure history
v

| Seizure self-management

Anti-seizure medication history |

Anti-seizure medication self-
management

Self-efficacy

Self-efficacy

Importance

Self-efficacy

Develop action plan prioritized by :

| + Self-management adherence
+ Importance of the behavior

« Self-efficacy to perform the behavior
A

FIGURE 5 | Management Information Decision Support Epilepsy Tool (MINDSET) decision flow to produce a tailored action plan (101).

Initial mock-ups depicted the following: (1) screening
assessment and (2) decision support for intervention on S-M
(Figure 6). The screening assessment consisted of computer-
based prompts for the patient to input data (based on the data
acquired from the screening tool, see Section “Task 4.1 Refine
Program Structure and Organization” above) (10). The decision
support was designed to provide feedback to both the patient and
the provider in the form of confirmation of the patient’s profile
on clinical and psychosocial variables; cues on discussion points
during the clinic visit; and S-M goals and an action plan for after
the clinic visit. The algorithm for prioritizing the S-M goals on the
basis of patient self-report is illustrated in Figure 6. The develop-
ment of flowcharts and screen maps was an iterative process and
an essential one that helped guard against serious error or logical
flows in the finished product. The design of an intuitive user inter-
face was essential so that someone unfamiliar with the program
could easily use it. A dedicated formative PPAG meeting, held at
the KS Clinic conference room, provided a review and feedback
on the design documents including content, design (interface)
features, navigation, functionality, language, logistics of use and
implementation in the clinic, orientation needs, and evaluation
specifications. The aim was to uncover any concerns with these
program elements as well as recommendations for improvement
of MINDSET for PWE prior to programming. The PPAG was
provided a simulated “walk through” of MINDSET from log-in
through action plan review using projected screen “mock-ups” on
Powerpoint slides. Flowcharts were used to illustrate MINDSET
use in the context of the clinic visit. The PPAG had few concerns
about the use of MINDSET within the clinics and the top-level

flow of the program. Their concerns were mainly focused on
clarity and completeness. Suggestions for improved clarify
included defining medical terms (e.g., in describing seizure types)
and specifying general terms (e.g., “wellness”). Suggestions for
completeness included adding “choose all that apply” and “I don’t
know” options to data collection items; adding dosage amounts
for assessment of medication adherence; and addition of items
focused on negotiating independence and privacy. Design docu-
ment revisions were made in response to PPAG consensus.

Task 4.3 Draft Messages, Materials, and Protocols
Programming followed a stepped sequence. At each develop-
mental step all components of the program were taken one draft
further toward completion, building upon the review of previous
developmental steps. This process ensured that all elements of the
program had been developed with the benefit of multiple reviews
by the research team. Structured programming techniques were
used to develop the program and reduce needed refinements. The
Archos 101 Android tablet platform provided the first MINDSET
hardware platform, later superseded by the Dell Latitude. Patients
and providers interacted with MINDSET using a stylus or touch
screen. The program was button and menu driven and designed
for intuitive, easy navigation for both patient and provider with
a limited depth of screens, ensuring providers could review the
patient’s entire profile in two stylus button presses and not need
to “drill down” for data deeper than two screens.

Data input was in the form of pre-existing items from the
previously validated surveys embedded in MINDSET (see Task
4.1 Refine Program Structure and Organization above). Tailored
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MINDSET - . MINDSET
My Seizures Here are some questions about your SEIZURE MEDICINES.
Choose the answer that is most correct for you.
My Medicine
What side effects are you having from your seizure medicine?

Prescriptions (Check all that apply)

Barriers 0 Unsteadiness

Aggression Nervousness

MINDSET

Skin'changes or Blurred vision

Management Information &

Decision Support Epilepsy Tool Concentration Mo

Shaky hands

Sleepiness Depression Memory problems

Disturbed sleep L Other . Go On
N

MINDSET Splash screen MY PROFILE: AED side effect data entry

yPote m - iy P m

My Seizures Here are some statements about SUPPORT for your epilepsy
management.

i Management Summary
My Medicine History
On a scale from 0 to 10 how SURE are you that you can...

My Lifestyle Successfully get support for your epilepsy management?

My Medicine My Seizure Management Goals

My Lifestyle A Get blood Boctor
Action Items

Go On

MY PROFILE: Self- eff icacy sllder bar MY PLAN: Seizure management goals

FIGURE 6 | Management Information Decision Support Epilepsy Tool (MINDSET) user interface (101).

TABLE 6 | Tailored Segue Messages Based on Confidence and Importance Feedback Exemplified for Medication Management.

Self-efficacy Importance HCP POs (Table 2)
Low High
Low You have reported that you are not confident that you  Congratulations on recognizing the importance of taking your  pQ 1 jii. Assess patient
can take your seizure medicine as your doctor has seizure medicine as your doctor has prescribed. Despite this, attitudes (importance
prescribed and don't think this is highly important to do  your answers suggest that you are not confident of taking and confidence)
your medicine as your doctor prescribed regarding S-M
Advice: Discuss this with your doctor and use the Advice: Discuss this with your doctor and use the activities behaviors
activities listed in your MINDSET action plan to help listed in your MINDSET action plan to help you PO.1.iv. Provide patient with
you personalized feedback
High Congratulations on being confident that you can take ~ Congratulations on recognizing the importance of taking on epilepsy status and
your medicine as your doctor prescribed. Despite your medicine and being confident that you can follow your S-M for review

this, your answers suggest that you don’t think taking  prescription plan

medicine is highly important

Aavice: Discuss this with your doctor and use the Advice: Use the MINDSET program to help you and your
activities listed in your MINDSET action plan to help you doctor provider review all the aspects of your epilepsy S-M

messages were created from permutations of these data. Segue  and reference to the action plan (Table 6). Tailored messages
messages confirmed the patient’s self-efficacy (low/high) and  in the action plan were guided by the 5-A's model: Confirming
perceived importance (low/high) regarding a particular flagged  the patient’s S-M profile (including citing the flagged behavior)
behavior and provided a cue to the need for further discussion  and reinforcing S-M success (Assess), stating the behavior goal
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to mitigate the behavioral problem (Agree), providing strategies
and recommendations specific to flagged behaviors (Assist) and
cued discussion with the HCP (Advise) (Table 7).

Task 4.4 Pretest, Refine, and Produce Materials
Upon completion MINDSET was pretested and refined through
an in-house alpha test and a usability test.

MINDSET Alpha Test for Functionality. An in-house alpha
test was conducted by the MINDSET research team to ensure
all program components and functions conformed to the inten-
tions of the designers, functioned appropriately, and presented
no anomalies (“bugs”). Research team members each completed
MINDSET, simulating a patient with particular epilepsy S-M
profiles. They completed logs recording any problems encoun-
tered that included incorrect logic, program bugs, syntax errors,

or interface design problems. They completed the problem log by
recording their location in the program, the user initiated events
that preceded the problem, and a description of the problem
(including screen captures where appropriate). Problems were
collated and sent to the programming team for further trouble-
shooting and revision prior to usability testing.

MINDSET Usability Testing with PPAG. Patient Provider
Advisory Group patients from three clinic sites (36-53 years
of age, prescribed at least one AED, mainly female and ethnic
minority) and 4 HCP from the planning team were asked to use
the MINDSET prototype in “laboratory” conditions (a dedicated
conference room at Kelsey-Seybold clinic) not associated with
their regular clinic visit. Hypotheses for usability testing were that
patient ratings on usability parameters (measured on a usability
survey) would exceed an a priori benchmark of 70% agreement

TABLE 7 | Example Management Information Decision Support Epilepsy Tool (MINDSET) messaging and associated objectives for a patient who reports forgetting to

take seizure medicine.

5-A steps Message

Associated objectives

Assess: confirm status

What you told MINDSET: you [sometimes, always] forget to take

Change objective (HCP Table 2)

your seizure medicine. You should feel proud of all the times you

have taken your seizure medicine as your doctor has prescribed.
Forgetting to take your medicine can cause seizures so make sure

you talk to your doctor about this

PO.2.iii. Provide specific, documented behavior change advice
(action plan) in the form of a prescription

Agree: make this part of your

Your goal: Make reminders to take your seizure medicine part of

goal

your daily activities

Assist: develop strategies to
overcome barriers, refer to
evidence-based education,
refer to resources, discuss
with your HCP

Your strategy: Try these actions if you have problems remembering
to take your seizure medicine:

e Take your medicine with daily activities (breakfast, dinner, during
TV show, before going to bed)

e Use a pill container

e Use a calendar or a set a daily reminder on your phone’s calendar

e Use a seizure diary to keep track of when you take medicine

e Use electronic reminders, text or email, sent to you when it’s time
for your medicine. See “My Epilepsy Diary” or “Texting 4 Control”
in the resource list of your action plan.

Change objective (Patient Table 1)

K2iii.  List cues to action (memory aids) for taking meds

correctly (e.g., by toothbrush, pill box, at mealtimes)

Advise: cue discussion to
acknowledge, reinforce, and
agree on strategies to meet
S-M goals

Patient and HCP are cued to discuss this “flagged” behavior to:

(1) acknowledge status

(2) reinforce past successes

(8) reach agreement on the goal

(4) review and agree on strategies

(5) review barriers to the selected strategies and how to overcome
these

Change objectives (Patient Table 1)

e S2iii. Demonstrate how to use cues/memory aids
e SEZiii. Express confidence in ability to use cues/memory aids

POs (HCP Table 2)

e PO.4.i. Help patient develop strategies to address barriers to
change (write on Action Plan form) (ask is there anything that
would prevent you from doing these strategies)

e PO.4.ii. Refer patient to evidence-based education or
behavioral counseling — individual or group

e PO.4.iii. Elicit patient’s views and plans regarding potential
resources and support within family and community

Arrange: printout and linkage

Messages printed in the action plan including community resources

Associated change objectives (Patient Table 1)

e K2iii. List cues to action (memory aids) for taking meds
correctly (e.g., by toothbrush, pill box, at mealtimes)

Associated POs (HCP Table 2)

e PO.5. Provide the patient their personalized S-M Action
Plan and follow-up call to patient within a week after visit as
“booster” for S-M Action Plan

e PO.6. Link patients to clinical and community resources
appropriate to support and resource needed
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and that HCPs would rate MINDSET features (measured on a
features checklist) as providing improvement to their current
practice. After an orientation, patients were asked to access all
elements of MINDSET (the screening tool, patient profile, rec-
ommendations, and action plan) and to verbally describe and
interpret what they were seeing and doing. Any problems (as pre-
viously described for alpha testing) were recorded and collated.
Patients then completed a usability survey assessing the functions
of MINDSET and were interviewed on how MINDSET could be
improved in terms of content, function, and interface design. Data
were gathered on the patient’s satisfaction with the user inter-
face, ease of use (usability), acceptability, credibility, and appli-
cability of the system to their needs using previously validated
usability measures. HCPs were provided with a MINDSET tab-
let that had pre-loaded data on a patient whose profile indicated
clinical and psychosocial S-M needs. Patients rated MINDSET
favorably on usability parameters, providing 80 to 100% agree-
ment that it was easy to use, likable, credible, understandable,
and appealing. This exceeded a priori success criteria of at least
70% agreement (94, 95). Patients appreciated the opportunity
to thoroughly review their epilepsy management: “It makes me
look @ problems in my lifestyle/mood,” and to receive advice:
“I love the advice sections”; “the advice sections were really use-
ful for me”; and to organize their thoughts prior to the clinic
encounter “... opportunity to remember everything to discuss
with doctor”; “the information and seizure history for the doc-
tor is great”; and “Helped condense my thought and organized
any questions I might have” HCPs rated MINDSET as increasing
the ease, thoroughness, accuracy, and communication in each of
the S-M domains (“seizure history and management, medication
management, lifestyle management, and providing an epilepsy
action plan”) (102).

Reported barriers to use of MINDSET included that the ques-
tions (behavior and self-efficacy) seemed repetitive; that patients
required assistance due to technical difficulties with the tablet that
delayed system responsiveness (distinct from a need to clarify data
input questions); and that, while patients advocated the use of
MINDSET, they suggested the need for patience for data entry due
to the extensive data input in the My Profile section. Modifications
were made in response to these issues. These focused on techni-
cal/functional fixes, on adjusting clinic expectations on the time
commitment for data entry, and alerting patients to the apparent
repetition of data input items. The usability data indicated that
MINDSET showed initial promise in facilitating the operationali-
zation of S-M constructs for screening, management, and educa-
tion; the application of clinical guidelines; and was feasible for
clinic use. The HCPs rated MINDSET favorably on thoroughness;
but also rated it as requiring more time for the clinic encounter.

IM Step 5: Implementation Plan

Step 5 comprised describing potential program implementers,
stating the outcomes and POs for implementation, constructing
matrices of change objectives for implementation, and designing
implementation interventions. An implementation intervention
for wide scale adoption, implementation, and maintenance of
MINDSET can be developed pending the intervention’s demon-
strated efficacy to enhance epilepsy S-M behaviors.

Task 5.1 Identify Potential Program Implementers
Management Information Decision Support Epilepsy Tool was
designed for use by HCPs in specialty neurology clinics manag-
ing outpatients with epilepsy. Thus, potential adopters included
specialty clinic directors or upper-level administrators; potential
implementers included HCPs such as neurologists, epileptolo-
gists, and nurse educators.

Task 5.2 State Outcomes and POs for Implementation
Performance objectives for adoption were brainstormed by the
research team with consideration of the decision-makers in
neurology clinics, and informed by the IM framework (38), and
characteristics for diffusion of innovation (111). These included
that implementers recognize a need for MINDSET and its relative
advantage, and make a formal commitment to use. Steps drafted
to date include that the clinic director will: Assess the need for an
epilepsy S-M program among clinic patients; review MINDSET
and note objectives and relative advantages for program adop-
tion; obtain feedback from clinic staff on potential barriers to/
advantages of adopting MINDSET; solicit experiences from other
clinics that have used MINDSET; agree to adopt MINDSET by
signing a memorandum of understanding for its use.

Task 5.3 Construct Matrices of Change Objectives for
Implementation and Task 5.4 Design Implementation
Interventions

Critical opportunities for MINDSET implementation within the
clinic flow were identified from clinic task analysis of collaborat-
ing clinics. This enabled us to understand environmental con-
straints. MINDSET was designed to accommodate regular clinic
visits in varied clinic settings previously described (Figures 3
and 4). Matrices of change objectives for clinic directors, HCPs,
and clinic nurses to adopt and implement MINDSET and the
development of an implementation intervention are pending
determination of its effectiveness.

Management Information Decision Support Epilepsy Tool will
be more likely adopted if it is efficacious with minimal disruption
to clinic activities or clinic overhead. The thoroughness of the S-M
assessment may be associated with greater time commitments but
this may, in turn, be offset by its provision of a detailed record of
(potentially) billable behavioral counseling activities in the clinic.
Integration of the MINDSET data base with existing medical
record systems would also enhance its appeal to HCPs. Emerging
potential uses for MINDSET exist beyond its original design
including as a tool for clinic-based community health workers
and as an electronic behavioral assessment with the National
Epilepsy Education and Awareness Collaborative (NEEAC).

IM Step 6: Evaluation Plan

Step 6 comprised effect and process evaluation questions, devel-
oping indicators and measures of assessment, and specifying an
evaluation design.

Task 6.1 Write Effect and Process Evaluation Questions

The primary question to be addressed in planning the evaluation
of MINDSET was: Does the use of MINDSET by a PWE and their
HCP during multiple clinic visits over a9 month period, including
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the use of a printed action plan between visits, improve the S-M
behaviors and confidence of patients? Stated as an alternative
testable empirical hypothesis: PWE who use MINDSET in the
context of their usual clinic visit for three consecutive clinic visits
over a 9-month period, and a printed action plan between visits,
will report at least three fewer “at-risk” S-M behaviors (assessed
by the Epilepsy S-M scale) compared to patients who do not use
MINDSET.

Planned process evaluation questions included assessment of
factors that mediate the success of MINDSET as well as facilitat-
ing its implementation (Table 8). These include intervention
exposure, impact on patient-provider communication, and
information seeking other than MINDSET. Sufficient exposure to
MINDSET relates to implementation fidelity, that the patient was
exposed to all components and completed them through to action
plan printout. Incomplete exposure compromises the quality of
the efficacy trial. Time-on-task data (both patient and patient
and provider use) informs expectations for future implementa-
tion (e.g., time commitments) for adopting clinics. Assessment
of the quality of the patient and provider clinic encounter when
MINDSET is used allows a determination of correspondence
between MINDSET cues and topics subsequently discussed in the
clinic encounter. Exit interviews allow for a protracted discussion
of the HCP’s experience in using MINDSET and recommended
adjustments to facilitate its use and future adoption. Assessment
of the degree to which the patients accessed other sources for
information on S-M enables an accurate assessment of the degree
to which MINDSET and the action plan (distinct from other
sources) influenced S-M. Knowledge gained from clinic testing

will inform implementation plans and program user manuals for
those adopting MINDSET in the future.

Task 6.2 Develop Indicators and Measures for Assessment

From the outset the development of MINDSET focused on instru-
ments and scales to assess patient’s S-M status and to provide
indicators of S-M success over time. For this reason, measures
for evaluation can closely correspond to those embedded in
MINDSET. Planned impact measures include the epilepsy S-M
scale, epilepsy self-efficacy scale, NDDI-E, and adverse effects
scale previous described (refer to Step 4: Program Production
and Table 8). Planned process measures were developed to assess
the process evaluation constructs previously described (Table 8).

Task 6.3 Specify Evaluation Design

The planned evaluation design for MINDSET involves an
RCT with a sample of patients randomly assigned to treatment
(MINDSET and usual care) and comparison (usual care only)
groups (n = 30 per group) at three clinic sites over three visits to
evaluate its efficacy.

Planned Patient Recruitment. A total of 60 patients from the KS
clinic (n = 20), BT clinic (n = 20), and UT clinic (n = 20) (pre-
viously described) would be invited to participate. Participants
would include patients with a diagnosis of epilepsy who are
18 years of age and older, who can speak English, who are willing
and able to complete MINDSET, and who have no other medical
disorders that could inhibit their ability to use MINDSET or prac-
tice S-M activities. Participation would be based on clinician and

TABLE 8 | Sample measures for pilot test.

# Instrument (impact) Description

1 Epilepsy S-M Scale 38 Likert scale items. Internal consistency (alpha) = 0.81-0.84. Principal components analysis with varimax rotation yielded 5

factors (7, 8, 16, 54)

2 Epilepsy Self-efficacy Scale Consists of 33 items using an 11 point rating scale, ranging from O (I cannot do at all) to 10 (Sure | can do). ltems vyield a total
summative score. Content and construct validity have been assessed in a 25 item version of this scale with alpha coefficients

ranging from 0.91 to 0.94 (8, 16, 54)

3 Neurological Disorders Depression  The scale is well validated, has high internal consistency (alpha = 0.80), test-retest reliability = 0.78 (106-108)
Inventory for Epilepsy (NDDI-E)

Process measures

4 Intervention exposure Aim: To monitor the extent of implementation and the degree and fidelity of MINDSET delivery.
Measure: Data collected within MINDSET on selections and preferences made within the program and time-on-task.
5 Clinic encounter Aim: To understand if the application of MINDSET influences patient-provider communication during the clinic visit.

Measure: The patient will complete a clinic visit interaction checklist, clinic visit communication scale, and shared decision-
making scale immediately after their clinic visit to assess quality of communication.

6 Exit interview Aim: To understand the patient’s and HCP’s experiences with MINDSET, the most useful components and features, barriers to
use, suggestions for improvement, and ratings on the MINDSET’s perceived impact on epilepsy management.
Measure: Patients and HCPs will complete an exit interview adapted from previously reported protocols.

7 Information seeking behaviors Aim: Information seeking is an activity that may occur following completion of the pretest evaluation survey items (all patients) or

in response to MINDSET (treatment patients) and can be an important mediating variable.
Measure: Participants will be asked whether they actively sought information about epilepsy and where they looked for this
information, e.g., Internet, Foundations, medical practitioners, or popular media sources (radio, television, or newspapers).
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nurse educator referral and ideally reflect the diversity of gender
and race-ethnicity, average age and SES for the respective clinic
populations.

Planned Pilot Efficacy Trial of MINDSET. Each clinical site
would recruit 20 patients to participate in the randomized pre-
post treatment and comparison group study. Once enrolled the
patients would participate during three regular clinic visits that
would be scheduled three months apart. They would be randomly
assigned to one of two groups (30 in each group, 10 from each
site) for receipt of the treatment (MINDSET plus usual care) or
comparison (usual care only) condition.

At the first visit, a MINDSET research staff member would
meet the patient at the clinic to confirm participation, answer
questions, and, if they agree to participate, obtain signed consents.
Consent and study protocols are subject to approval by human
subjects internal review boards at the contributing university and
clinical organizations. All patients would then complete a contact
sheet, and a demographic survey. They would then input data
into the assessment section of MINDSET (My Profile) prompted
by screening questions. This would include data on seizures,
AEDs, and lifestyle, as well as S-M behaviors (Epilepsy S-M Scale)
and self-efficacy (Epilepsy Self-efficacy Scale) related to these
domains. Data input would take place in the waiting room and
clinic room while waiting for the clinic appointment.

Group 1 patients would use MINDSET to review their
epilepsy S-M patient profile (My Plan) that indicates S-M chal-
lenges (“risk”), provides behavioral goals and associated advice
about content, provides recommendations for discussion with
the HCP, and also provides information on associated S-M
resources (e.g., available through the American Epilepsy Society,
Epilepsy Foundation, and MEW Network). During the clinic
encounter, the provider and patient would refer to MINDSET.
The HCP would be provided suggested action items based on the
patient’s profile, could access the patient profile (My Plan) data
and could confirm or modify these data after interviewing the
patient. The patient and provider would have the opportunity to
review recommended discussion points, goals for management,
and the action plan. The provider will have the opportunity
to provide the patient with a tailored printed action plan that
reiterates the priority management goals discussed in the clinic
encounter.

After completing initial assessment items in MINDSET,
Group 2 patients would provide MINDSET back to the research
staff member and continue their regular clinic visit in which they
would meet with their providers as usual without the benefit of
MINDSET information and prompting on discussion points and
the action plan, and without the receipt of a printout of the action
plan. Following the clinic visit both group 1 and group 2 patients
would complete process measures of the clinic visit interaction
checklist and clinic visit communication scale. All patients will
then be provided $15 for their participation.

During the second visit, patients in Group 1 and Group 2
would again complete the assessment (My Profile) component
of MINDSET. Group 1 patients would again use MINDSET to
review their epilepsy S-M patient profile and recommended
management goals (My Plan) and both HCP and the patient

can use MINDSET to review and confirm data and develop the
action plan. The HCP would also have access to any change in
the patient data since the last clinic visit. Group 2 patients would
again only complete initial assessment items in MINDSET, and
then will provide MINDSET back to the research staff member
and continue to the regular clinic visit. Again, following the clinic
visit, both Group 1 and Group 2 patients would complete process
measures (described below). During the third visit, both Group 1
and Group 2 patients would input their profile data using the
assessment screening tool in MINDSET (My Profile). They will
then return MINDSET to the research staff, complete a short exit
interview.

Analysis. Comparisons of changes in scale scores on S-M and
self-efficacy from O, to O; will be made and t-tests and one-way
analysis of covariance of the changes will be used to address the
evaluation hypothesis. The independent variable of interest in
all cases will be group assignment: treatment or comparison.
Measures of mediating factors including depression and pre-test
scores will be used as covariates.

Limitations. 'This study represents a modest trial designed to be
accomplished with available resources. While loss to follow-up is
often an issue in such trials the small sample and previous success
of the clinics in tacking and maintaining these patients indicates
that a 20% attrition is realistic. A per-protocol analysis is planned
in this efficacy trial to determine impact of the MINDSET inter-
vention if received. Furthermore, because a limited number of
providers (neurologists) are involved in the trial there is expected
to be limited turnover and the capability of targeted training by
the research staff. Despite this, any findings need to be interpreted
in the light of acknowledged study limitations. We expect mini-
mal between-patient contamination because the patients are not
typically interacting with each other in these clinics. However,
the study is subject to within-provider contamination because a
limited number of providers will encounter both MINDSET (Group
1) and usual care (Group 2) patients. It is not possible to blind the
provider in this type of trial because they are using MINDSET
and the action plan with their patients. It is, therefore, possible
that providers will be more attentive to lifestyle issues with all
their patients, above what they might originally have been. The
contamination will work against a Type I error, making any find-
ings more robust. Further, the time constraints of a busy neurol-
ogy clinic will likely limit providers to patient-specific cues (from
the Action Plan) and not unduly influence general discussion.
This remains to be determined. The trial has not been registered
in a public trials registry.

DISCUSSION

Management Information Decision Support Epilepsy Tool is
designed to address the need, identified in the 2012 IOM report,
“Epilepsy Across The Spectrum,” for substantial engagement by
patients and their HCPs to manage therapy and lifestyle issues
so as to prevent seizures and maximize quality of life (3, 22, 24).
It also provides a called for “structured approach to addressing
and documenting patient-centric quality indicators for epilepsy
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patient care” (3, 22, 24). In epilepsy care, DSSs have focused on
diagnostic and pharmacologic support, consistent with historic
applications of such systems in medicine (26-31). This reflects the
focus and enquiry into the “technical aspects of care, in contrast to
personal or social concerns” (32). The development and testing of
MINDSET may lead to a new patient-centered decision-making
tool to assist in identifying initial steps toward epilepsy S-M (4)
to identify patients needing more assistance, and to provide ongo-
ing decision support through action plans. It is also responsive to
the Healthy People 2020 objective (HC/HIT-1.1) to increase the
proportion of persons receiving easy-to-understand instructions
about what to do to take care of their illness or health condition
(109). To date, there is a lack of attendance to S-M needs in clinical
settings despite the availability of evidence-based interventions to
promote epilepsy S-M outside clinic settings.

The IM framework has facility in developing DSSs that
promote patient and provider decision-making regarding
S-M. Advantages of the framework include the imposition of
a systematic approach, thoroughness in detailing needs and
solutions informed by theoretical- and empirical literature,
encouraging “downstream” thinking regarding implementa-
tion, evaluation, and dissemination, and ensuring that priority
populations are consulted throughout. Challenges for the use of
IM are the time resource required to complete the process with
maximum “textbook” fidelity due to the tension with resource
constraints in research projects. The MINDSET development
presented here represents one case study application for deci-
sion support for chronic disease S-M in clinic contexts. In this
capacity it is contributive as a guide for future development in
analogous domains and populations and application. However,
there are necessary limitations in this work that are a basis for
future recommendations. Developers are encouraged to apply a
systematic application of core processes with each development
task. These include posing questions, brainstorming answers,
review findings from published research, accessing and using
theory, identifying and addressing the need for new research,
and formulating the working list of answers. This will ensure a
more complete and continuous data feedback loop throughout.
Also advised is a timeline that indexes dialog with the priority
population with each development task rather than, for exam-
ple, a calendar meeting schedule which may fail to involve the
priority population fully and at the time when input is most
helpful.

By providing tools and procedures for identifying and assist-
ing patients with S-M needs, this study will make a significant
contribution to the CDC-MEW goal of promoting S-M and
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Using Intervention Mapping
to Develop Health Education
Components to Increase Colorectal
Cancer Screening in Puerto Rico

Yolanda A. Serra’*, Vivian Colon-LopeZz? Lara S. Savas’, Sally W. Vernon’,
Natalie Fernandez-Espada’, Camille Vélez®, Aleli Ayala® and Maria E. Fernandez’

"The University of Texas Health Science Center at Houston, School of Public Health, Houston, TX, United States, ? Cancer
Control and Population Sciences Program, University of Puerto Rico Comprehensive Cancer Center, San Juan, Puerto Rico,
SUPR-MDACC Partnership for Excellence in Cancer Research, Medical Sciences Campus, University of Puerto Rico, San
Juan, Puerto Rico

Introduction: Colorectal cancer (CRC) is a leading cause of cancer-related mortality
in Puerto Rico (PR). Although largely preventable through screening and treatment of
precancerous polyps, CRC screening rates in PR remain low while CRC incidence and
mortality continue to increase.

Methods: We used intervention mapping (IM), a systematic framework using theory and
evidence to plan a health promotion intervention to increase colorectal cancer screening
(CRCS) among Puerto Rican adults 50 years and older who are patients of Federally
Qualified Health Centers (FQHCs) in PR.

Results: To inform the development of a logic model of the problem during the needs
assessment phase, we determined the CRC incidence and mortality rates in PR
using recent data from the PR Cancer Registry, conducted a literature review to better
understand behavioral and environmental factors influencing CRC among Hispanics
in general and in Puerto Ricans, and collected new data. We conducted seven focus
groups to identify community needs and resources, specific sub-behaviors related
to CRCS (performance objectives) and the determinants of CRCS. We then devel-
oped matrices of change objectives that would guide the content, behavioral change
method selection, and the practical applications that would be included in the program.
We selected two overarching methods: entertainment education and behavioral journalism
and developed practical applications, materials, and messages containing several other
methods including modeling, persuasion, information, and tailoring. We developed and
pretested a Tailored Interactive Multimedia Intervention, newsletter, an action plan, and
supplemental print materials for patients. We also developed a patient mediated provider
prompt to increase provider recommendation and improve patient provider coommunication.

Conclusion: The use of IM for systematic planning produced a detailed coherent plan
for the CRCS educational intervention. Guided by IM processes, steps, and tasks, we
used community level information, existing literature, theory, and new data to develop
health education materials that were well received by the priority population and will likely
increase CRCS among FQHC patients in PR.

Keywords: intervention mapping, colorectal cancer screening, entertainment education, behavioral journalism,
self-efficacy, program development, behavioral change, Federally Qualified Health Centers
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INTRODUCTION

In Puerto Rico (PR), colorectal cancer (CRC) is the second lead-
ing cause of death due to cancer among both men and women
(1). Between 2010 and 2014, the age-adjusted incidence rate
of CRC on the island was 31.3 per 100,000 population among
women, and 48.0 among men (1). Colorectal cancer screening
(CRCS) can reduce both, the incidence and mortality of CRC
through early detection and removal of precancerous lesions
(2). Currently, in PR, three types of CRCS tests are performed:
fecal immunochemical test (FIT), fecal occult blood test (FOBT),
and colonoscopy. The American Cancer Society and the US
Preventive Task Force recommend regular CRCS between
the ages of 50-75. In PR, Federally Qualified Health Centers
(FQHCs) use either FIT or FOBT for CRCS. Patients with
a family history of CRC and those who show risk factors are
strongly recommended to have a colonoscopy, in accordance to
the American Cancer Society guidelines (3). Nonetheless, the
Behavioral Risk Factors Surveillance System reported that for
the population over 50 years of age in PR, in 2014 only 18.5%
had ever had either a FIT or FOBT and only 50.6% had ever
had a sigmoidoscopy or colonoscopy (4). These screening rates
are substantially lower than the goal targeted by the National
Colorectal Cancer Roundtable (5), which aims to achieve 80%
screening rate by 2018.

Both personal determinants such as low knowledge, fear
of detection, and low perceived risk; and environmental fac-
tors such as lack of doctor’s recommendation, lack of health
insurance, and issues related to the local Health-Care System
(i.e., high turnover rate among providers, low number of
gastroenterologists, and increased patient ratio for primary
care physicians) negatively influence CRCS in PR (6-10).
Another organizational barrier that affects CRCS uptake
is the fact that many clinics do not have an on-site labora-
tory and patients are required to visit an offsite laboratory
to obtain and return FIT/FOBT Kkits; thus complicating the
screening process (6).

Salient personal determinants that negatively affect CRCS
among Hispanics in the U.S. and in PR include the following:
lack of knowledge and misconceptions regarding CRC and
CRCS, low health literacy, social norms and negative attitudes
toward screening, low perceived risk of CRC, and perceived
barriers such as a lack of time, perceived high cost of testing, or
difficulties with transportation (6, 8, 11-17).

The Guide to Community Preventive Services (Community
Guide) recommends one-on-one education in combination
with small media and patient/provider reminders as strategies
to increase CRCS (18). Although evidence suggests that these
strategies are effective for fecal occult blood testing (FIT/
FOBT), evidence regarding these approaches for increasing
colonoscopy is still insufficient (19). Currently, there are few
studies examining one-on-one education in combination
with other communication strategies in the Latino population
(12, 16, 20) and none with Puerto Ricans. The Puerto Rico
Community Cancer Control Outreach Program designed a
study to address this gap by developing and evaluating a health
promotion program (Salud por la Vida) to increase CRCS

in PR. The purpose of this article is to describe how we used
intervention mapping (IM), a systematic planning framework,
to guide the development of the program. This effort was carried
out in collaboration with the PR Colorectal Cancer Coalition
and the PR Primary Health Association, among others, using
principles of community based participatory research. The
research protocol and the data-gathering instruments were
approved by the Institutional Review Boards of the UPR-MSC
and the University of Texas Health Science Center at Houston.
All study participants provided informed consent prior to enroll-
ment to the study.

METHODS

Intervention Mapping

Intervention mapping is a systematic approach for the develop-
ment of theory and evidence-based health promotion inter-
ventions and for planning their implementation (21). IM has
been successfully employed to promote and increase screening
practices for several types of cancers such cervical and breast
cancer (22-27) and CRC (12, 28).

The IM process is composed of six steps; each one involves
specific tasks (21) that guide the translation of relevant personal
determinants and environmental factors into a health promo-
tion program (29). We describe the first four steps (needs assess-
ment, matrix of change objectives, selection of theory-based
methods and practical strategies, and program production).

In step 1, we conducted a needs assessment based on the
PRECEDE/PROCEED model (30) to identify the factors the
program should address. In step 2, we identified the overall
behavioral goal for the program and developed a matrix that
combined the health-promoting behaviors and their deter-
minants to create change objectives. During step 3, we paired
change objectives with theoretical models and strategies to affect
the selected determinants. Finally, we developed and pretested
the program in step 4. Throughout the planning process, we
used information obtained from the literature, and guided by
behavioral theory, and new data to identify personal determi-
nants and environmental factors influencing CRCS and to select
the most appropriate methods and strategies to influence these
(see Table 1).

Theoretical Underpinnings

To identify factors associated with the risk behavior and with the
health-promoting behavior (CRCS in this case), IM suggests an
integrated and iterative approach using theory and evidence. We
used constructs from the Integrated Behavioral Model (32) which
includes constructs from the most commonly used theoretical
models in health promotion (i.e., Social Cognitive Theory, Theory
of Reasoned Action, Theory of Planned Behavior, and the Health
Belief Model). These constructs are as follows: severity, suscep-
tibility, self-efficacy, attitudes, outcome expectations, perceived
barriers and facilitators, and normative believes. Consideration
of these constructs provided guidance for the identification and
understanding of determinants related to CRCS and the selection
of theory-based methods to achieve behavioral change.
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TABLE 1 | Intervention mapping (IM) to develop health educational components
to increase colorectal cancer screening in Puerto Rico (PR) (steps 1-4).

Step 1: Logic model
of the problem

Establish a planning group
Conduct a needs assessment based
on the PRECEDE/PROCEED model:

¢ Data from PR Registry
* Review of empirical and theoretical literature
* Focus Group

|dentify the factors the program should address

Step 2: Program
outcome and matrix
of change objectives

|dentify overall behavior goal

Specify health-promoting behaviors (performance
objectives)

Select determinants for behavioral outcomes
Construct matrix of change objectives

Step 3: Educational
components design

|dentify theoretical and evidence-based change
methods:

e Entertainment education
e Behavioral journalism
e Patient activation method

Select practical applications and strategies to
operationalize the methods

Step 4: Educational
components production

Design format, themes, and messages of the
educational components:

¢ Tailored Interactive Multimedia Intervention

o Printed materials (newsletter, infographics,
and action plan)

e Provider prompt

e Patient reminder support call

Create drafts of the educational components:

® In Spanish
e Adapted to the Puerto Rican culture
e | ow health literacy

Pretest the educational components
Produce the final educational components

This table is informed by IM steps (31).

RESULTS

IM Step 1: Needs Assessment

Data from the PR Registry (17) demonstrated that not only was
there treatment delay for people with government health care as
compared to those with other insurance coverage but survival was
also lower. In addition, CRCS rates are lowest among individuals
who had either no insurance or government health insurance,
compared to those with other forms of insurance. Therefore, we
focused on reaching these patients through a collaboration with
FQHC:s since their patients are primarily either uninsured or have
government health insurance.

We completed an extensive review of empirical and theoretical
literature to identify factors influencing CRCS in US Hispanic
populations and PR. As mention earlier, we used the Integrated
Model to guide exploration of potential constructs (determi-
nants). We also identified determinants that were either correlates
or predictors of CRCS among Hispanics from empirical studies.
For example, a systematic review (33) assessed theory-based
constructs associated with CRCS. These constructs included
perceived susceptibility and severity, benefits and barriers, and

self-efficacy from the health belief model (34, 35); attitudes,
social norms and perceived behavior control from the theory
of reasoned action and the theory of planned behavior (36, 37);
self-efficacy from social cognitive theory (38); and decisional
balance from the trans-theoretical model (39).

We conducted seven focus groups (N = 51) to explore barri-
ers and facilitators of CRCS among Puerto Ricans living on the
island. Inclusion criteria for focus group participants included:
being a patient ata FQHCs, between the ages of 50-75, not being
up to date with CRCS, and no previous diagnosis of CRC. We
employed an adapted interview guide (13) that included ques-
tions regarding knowledge, attitudes, and beliefs about CRC
and CRCS; as well as screening tests barriers and benefits. We
also asked questions to clarify the process of obtaining a CRCS,
information needs, and preferences for educational material.
We transcribed the focus group recordings and used ATLAS.ti
(version 7.5.10) for analysis. Members from the research team
reviewed the transcripts (primary documents) independently
and used constant comparative method (40) to identify themes
and emerging topics. Two coders, one in PR (CV) and one
in Houston (NFE), conducted an open coding identifying
concepts and ideas using inductive methodology. The team
reexamined the data according to differences and similarities,
creating annotations in the form of memos. The resulting codes
were classified into categories and subcategories (i.e., topics
that were significant to respondents and are more generic con-
cepts). Next, we continued with an axial coding that allowed
us to clarify the relations between the different categories and
subcategories. The team held weekly meetings to discuss coding
and themes that had emerged. In most cases, coders identified
the same themes. Any discrepancies in coding were resolved
through team discussion. To assist in data reporting, we created
categories of personal determinants and environmental factors
that influence CRCS among Puerto Ricans living on the island
(see Table 2).

Personal Determinants and Environmental Factors
from Literature Review and Focus Groups
Based on the review of the empirical and theoretical literature we
found that the following personal determinates influenced CRCS:
low knowledge, perceived social norms, fear of finding CRC nega-
tive attitudes toward CRCS, perceived barriers, and low perceived
risk (6, 8, 11-17). At the environmental level, substantial evidence
from the literature pointed to lack of provider recommendation as
a key environmental factor negatively influencing CRCS (6-10).
Results from the focus groups indicated that the following
personal determinants influenced CRCS: lack of knowledge
and misconceptions about CRC and CRCS; low risk perception
about getting CRC; attitudes such as machismo, fatalism and
procrastination; feelings of fear and embarrassment concerning
the colonoscopy procedure, fear of test results, and perceived
barriers such as lack of time and transportation problems. As in
the literature, lack of provider recommendation was the primary
environmental factor that emerged in the focus group findings.
There was a high level of consistency in personal determinates
and environmental factors identified through the literature
review and focus groups.
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TABLE 2 | Personal determinants and environmental factors influencing
colorectal cancer screening (CRCS) among Puerto Ricans.

Categories Subcategories

Personal determinants
influencing CRCS

Knowledge about CRC/CRCS
Misconceptions about CRC/CRCS
Low perceived risk for getting CRC

Attitudes:

e Machismo
e Fatalism
* Procrastination

Affective factors:

e Fear (concerning the colonoscopy
procedure)

e Embarrassment (concerning the
colonoscopy procedure)

e Fear (of the results of the test)

Perceived structural barriers:

e Lack of time
e Transportation problems

Environmental factors
influencing CRCS (interpersonal)

Lack of provider recommendation

Preferences Regarding Educational

Intervention Components

When asked about the type of information they would like to
receive, focus group participants indicated they would like to
know more about CRC and CRCS tests, type of coverage gov-
ernment issued health insurance provided for CRCS, and where
they could undergo testing. Participants said that it would be
both helpful and important if health-care providers informed
them about these issues. Participant preferences for educational
materials included videos or printed materials with attractive
images containing simple vocabulary.

IM Step 2: Program Objectives

Based on the needs assessment, we defined the overall behav-
ioral outcome: “Puerto Ricans ages 50 and older adhere to
CRCS guidelines” Once the overall behavioral outcome was
established, we formulated performance objectives (i.e., what
participants need to do to complete CRCS) (see Table 3).
We then identified determinants of the positive behavioral out-
come (i.e., why participants would complete de CRCS) rather
than lack of CRCS (as in step 1). We examined determinants
derived from step 1 and re-reviewed the literature and focus group
findings to identify factors that would positively impact CRCS.
These included knowledge, perceived risk, decisional balance,
outcome expectations, self-efficacy/skills, perceived norms, and
attitudes. According to IM step 2, we then created a matrix of
change objectives by placing performance objectives in the left
column and determinants across the top of the matrix. Then, for
each determinant and the corresponding performance objective we
asked: what has to change in relation to the determinant so that
our population of interest can achieve the desired performance
objective? These change objectives were recorded in the cells of
the matrix (see Table 4).

TABLE 3 | Behavioral outcome with associated performance objectives.

Behavioral outcome

Puerto Ricans ages 50 and older adhere to CRCS guidelines
Performance objectives

. Make an appointment with the provider

. Discuss CRC and CRCS with the provider

. Request FIT/FOBT or obtain a referral for colonoscopy

. Identify location to get screened

. Make an appointment to get screened

. Arrange transportation

. Seek social support

. Get screened for FIT/FOBT

. Get screened for colonoscopy if recommended

. Record and keep appointment to the discuss the results with the provider

O © O N O O~ WN =

—_

FIT, fecal immunochemical test; CRCS, colorectal cancer screening; CRC, colorectal
cancer; FOBT, fecal occult blood test.

IM Step 3: Program Design

We then identified theoretical change methods that are known to
influence the determinants identified and conducted a literature
review to help identify these methods as well as the practical
applications or strategies to operationalize these. The intent of this
step was to create strategies, materials, and messages that would
address specific change objectives. We selected two overarching
methods: entertainment education (38, 41, 42) and behavioral
journalism (43). Entertainment education employs formats based
on entertainment to introduce educational messages. In behavio-
ral journalism, real-life role models who are identified as peers
of the population of interest (with the same language and similar
cultural and social norms) communicate the message (44, 45).
These overarching methods also include other change methods
including modeling, reinforcement, persuasion (Social Cognitive
Theory), tailoring (Trans-Theoretical Model), anticipatory regret
(Theory of Plan Behavior), consciousness raising (Health Believe
Model), and providing cues to action (Theories of Information
Processing). Strategies identified to operationalize these methods
included testimonials and role-model stories about people talking
with their provider about CRCS tests and overcoming barriers.
We designed messages that include prompts for thinking about
what might happen if they do not get screened and the regret that
would accompany the decision.

Despite the importance of the organizational and provider
level factors influencing CRCS identified during the needs
assessment phase and our desire to create a multilevel interven-
tion to address these factors, resources and project scope limited
the ability of the team to do so. Nevertheless, since provider rec-
ommendation is an important and necessary component of any
CRCS intervention, we decided to intervene using the patient
activation method. This method is strongly associated with self-
reported quality of care, a better doctor-patient communication,
and increase CRCS rates (20, 46).

IM Step 4: Creating Educational

Components
In this step, we designed, produced and pretested the educa-
tional materials guided by the matrix of change objectives,
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TABLE 4 | Sample cells from matrix of change objectives.

Performance objectives

Overall behavioral outcome: “Puerto Ricans ages 50 and older adhere to CRCS guidelines”

Determinants

Knowledge

Perceived
susceptibility (risk)

Decisional balance
(pros and cons)

Outcome
expectations

Self-efficacy/skills

Perceived social
norms (subjective
norms)

attitudes

PO8. Get screened FOBT/FIT

(1) Pick up test from the lab
or accept test from PCP

(2) Read instructions

(8) Complete test

(4) Return test to lab

K8a. States that FOBT/FIT
is recommended to be
done annually for people
over 50-year old

K8b. Describes the steps
to complete a FOBT or FIT
K8c. Lists place where test
should be returned

PR8. Perceives that
he/she is at risk of
getting CRC

DB8a. States the advantages
of doing FOBT/FIT annually
DB8b. Believes there are more
benefits to CRCS than barriers
DB8c. Describes ability to
overcome barriers to doing
FOBT/FIT annually

OEB8a. Expects that if he/
she gets CRCS they will
reduce the risk of CRC

or detect it early enough
to be cured

OE8b. Expects that going
to pick up the

test will result in getting
one and getting tested
OE8c. Expects that
returning the test will result
in quick information about
outcome

SE8a. Expresses
confidence in ability
to pick up the test
SE8b. Expresses
confidence in ability
to complete all steps
SE8c. Expresses
confidence in the
ability to return

the test

SN8a. Believes that
other adults like them
pick up the FOBT/FIT
annually

SN8b. Believes that
other adults like them
complete and return
the test

ATT8a. Believes that
CRCS is important
ATT8b. Believes that early
detected cancer can be
cured

ATT8c. Describes the
importance of preventive
behaviors such as
screening to take care

of one’s own health

PO9. Get screened for
colonoscopy

Identify someone to go
with you

K9a. States that
colonoscopy is
recommended to be done
every 10 years for people
over 50-year old

K9b. Describes the steps
to complete a colonoscopy
including preparations
K9c. Lists place where

to go for colonoscopy
K9d. Describes need to
get a referral from doctor

DB9a. States the advantages
of doing colonoscopy

DB9b. Believes there are
more benefits to CRCS and
colonoscopy specifically than
barriers

DB9c. Describes ability to
overcome barriers to doing
colonoscopy

OE9a. Expects that if
he/she gets a colonoscopy
they will reduce the risk
of CRC

or detect it early
enough to be cured
OE9b. Expects that
getting a colonoscopy
will allow them to wait
10 years before having
to get another one

(if negative)

SEQ9a. Expresses
confidence in ability
to identify someone
to go with him/her to
appointment

SE9b. Expresses
confidence in ability
to conduct
preparations

SEQ9c. Expresses
confidence in ability
to complete
colonoscopy

SN9a. Believes that
other adults like them
identify person to
accompany them to
the appt

SN9b. Believes that
other adults like them
get colonoscopy
SN9c. Believes that
other adults like them
complete preparations
correctly

ATT9a. Believes that
colonoscopy is useful and
important because it can
identify cancer and polyps
(pre-cancer)

ATT9b. Believes that
correctly completing prep
contributes

to a more accurate test
ATTOc. Believes that the
test results will give them
peace of mind

ATTOd. Believes that even
if embarrassed the test is
worth it

ATTOe. Believes that
cancer if detected early
can be cured

CRC, colorectal cancer; CRCS, colorectal cancer screening; FIT, fecal immunochemical test; FOBT, fecal occult blood test.
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methods, and strategies previously described. We reviewed the
information obtained from the focus group analysis. Keeping
in mind participants’ preferences about informational needs
and educational materials format, and guided by the change
objectives from the matrices developed in step 2, we created a
series of drafts that conveyed messages and content. We then
modified drafts according to the format and type of educational
material that would be presented. All developed materials were
produced in Spanish and designed to be culturally relevant and
appropriate for Puerto Ricans and individuals with low or no
literacy skills.

The educational program consists of four components: a
Tailored Interactive Multimedia Intervention (TIMI), printed
materials (newsletter, infographics, and action plan), a provider
prompt, and a patient reminder support call. The TIMI was
created based on entertainment education criteria (41, 42) in
collaboration with media professionals and was designed to be
delivered on tablet computers. The TIMI consists of a video with
tailored scripted scenes and testimonials; narrations, animations
and interactivity. During development, we held two script read-
ings, one with professionals and collaborators and a second one
with community members to assess language suitability and
cultural acceptability of the scenes, narrations, and testimonials.
The main recommendations were to clarify and simplify medical
language about CRCS and expand the conversation that occurs
in the physician-patient scenes about CRC and CRCS. We modi-
fied scenes and the script based on recommendations from these
activities.

To develop the newsletter, we followed behavioral journalism
techniques (47). We conducted 10 in-depth interviews with
participants who had completed CRCS and had characteristics
similar to those of our target population. We conducted jour-
nalistic style interviews that included specific questions related
to key performance objectives and determinants so that stories
would reflect the most relevant information needed. We included
both individuals who were up to date with screenings, or who
had survived CRC because completion of the CRCS tests. During
the interviews, we used open-ended questions to obtain quotes
from participants to be incorporated into program materials.
During analysis of these interviews, we selected keywords and
expressions regarding how participants overcame CRCS barriers
and asked about how they felt about the outcomes of screening.
We used these to create stories about the benefits of CRCS and
about how these individuals had overcome barriers to receive
screening and protect their health.

We also developed an infographic and an action plan. These
included images and messages with information about CRC
and CRCS, steps to follow to complete CRCS tests, and mini-
testimonials from people who completed CRCS.

As mentioned earlier, we created a provider prompt based on
the patient activation method. This method enables patients to
assume an active role in their health care (46, 48). Specifically,
we used a patient mediated approach in which the patient gives
the provider printed information about CRCS with questions
or concerns they may have to prompt discussion; the prompt, a
short summary of patient need for CRCS was printed from the
TIMI following an interactive session. This also serves as a cue to

action for the provider. We designed the prompt to be tailored to
knowledge, attitudes, and barriers about CRCS that the partici-
pants reported during use of the TIML

We conducted focus groups (N = 19) and administrated a
survey to test the appeal, acceptability, perceived relevance,
cultural appropriateness, and motivation to obtain a CRCS of
the TIMI and printed materials. Overall, participants found
the educational components to be both attractive and cultur-
ally sensitive. Most participants indicated that their knowledge
regarding CRC and CRCS increased and that they felt motivated
to complete screening after viewing and reading the different
materials. The only changes participants suggested were to
reduce the length of the text in the printed materials and to
incorporate information about CRC prevention. We used
this information to refine the messages and the quality of the
components.

DISCUSSION

In this article, we describe the development of an intervention to
increase CRCS using IM. We described the first four steps used in
the development process. The last two steps of IM, planning for
implementation and evaluation, are currently underway and will
be described in a subsequent paper. By using the process of IM,
we ensured the systematic incorporation of theory and evidence
from the literature and new data from the community participa-
tion to address the personal determinants and environmental
factors using an ecological perspective. IM also guided the selec-
tion of the most appropriate methods and practical strategies, as
well as the design and creation of the educational components
of the program.

We found that entertainment education and behavioral
journalism were two overarching effective methods relevant for
addressing the identified personal determinants and environ-
mental factors. These methods that are aimed at changing social
norms attitudes, and self-efficacy (21) are particularly effective in
reaching audiences that may have low literacy, or who are initially
resistant or unwilling to process the message (43, 49). As strate-
gies (practical applications) to operationalize these methods, we
included testimonials, role-model stories and patient mediated
provider prompts aimed at showing how to overcome barriers
to complete the screening tests. The Salud por la vida program
we developed using IM is a multicomponent intervention.
Shokar et al. and Sabatino et al. both conclude that the use of
multicomponent interventions is more effective for increas-
ing CRCS testing uptake than the individual components by
themselves (16, 50, 51). Likewise, a study with health promoters
showed that participants who received a one-on-one educational
intervention in combination with patient reminders for FOBT
were more likely to get tested than those who just received the
patient reminder (31). Another study with lay health workers
reinforced the importance of testing small media approaches in
combination with one-on-one educational interventions (12).
The development of this intervention is expected to help to fill
this gap by using multiple strategies to increase CRCS.

Using IM to design Salud por la Vida provided an organized,
structured, and systematic approach to program development that
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helped guide (a) the identification of relevant factors influencing
CRCS, (b) how and when to use theory and empirical evidence
to make decisions about change methods, practical applications,
materials, and messages, and (c) how to best engage the com-
munity in the planning process to ensure regular communication
and feedback.

LIMITATIONS

Due to the qualitative nature of some of the activities of this
study such as focus groups, results are not generalizable to all
populations 50 years of age and older in PR. Nevertheless, par-
ticipants were selected to represent the target population for the
intervention, therefore, the identified determinants of CRCS are
likely those most relevant. In addition, most of those who par-
ticipated in the behavioral journalism interviews were of higher
socioeconomic status and had a better access to private health
insurance than the island’s general population. Nevertheless,
participants identified similar barriers to those documented
for lower socioeconomic status. In addition, those with private
health insurance recognized that their situation was different
to that of the general population and related the experiences
of friends and family members who do not have private health
insurance.
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This article describes the development of the social network-based intervention Powerful
Together with Diabetes which aims to improve diabetes self-management (DSM) among
patients with type 2 diabetes living in socioeconomically deprived neighborhoods by
stimulating social support for DSM and diminishing social influences hindering DSM (e.g.,
peer pressure and social norms). The intervention was specifically developed for patients
with Dutch, Turkish, Moroccan, and Surinamese backgrounds. The intervention was
developed according to Intervention Mapping. This article describes the first four steps
of Intervention Mapping: (1) the needs assessment; (2) development of performance
and change objectives; (3) selection of theory-based methods and strategies; and (4)
the translation of these into an organized program. These four steps resulted in Powerful
Together with Diabetes, a 10-month group-based intervention consisting of 24 meetings,
6 meetings for significant others, and 2 meetings for participants and their spouses. The
IM method resulted in a tailored approach with a specific focus on the social networks of
its participants. This article concludes that the IM method helped our planning team to
tailor the intervention to the needs of our target population and facilitated our evaluation
design. However, in hindsight, the intervention could have been improved by investing
more in participatory planning and community involvement.

Keywords: diabetes self-management, deprived neighborhoods, type 2 diabetes, social network, social influences
and social support

INTRODUCTION

People in lower socioeconomic groups, including ethnic minorities, are not only disproportionately
affected by type 2 diabetes, they also have more diabetes-related complications and higher diabetes-
related mortality compared with patients in higher socioeconomic groups (1-3). A recent study
among ethnic minorities in the Netherlands shows that of those patients that were medically treated,
only 37-53% had HbA1c levels on target (4). To the best of our knowledge, no comparable informa-
tion on glycemic control in Dutch patients in lower socioeconomic groups in the Netherlands is
known.
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A poorer glycemic control, related to less adequate self-
management behaviors, partly accounts for these increased risks
(5). Properly managing type 2 diabetes requires a schedule of
extensive self-management behaviors. These include an adequate
use of medications, if applicable self-monitoring of blood glucose,
eating healthy and being physical active, regularly checking and
taking adequate care of the feet and dealing adequately with
diabetes in every situation (6). Complying with and maintaining
such complex health regimens seem to be challenging, especially
for socioeconomically deprived patients (7-9).

Low incomes, a low educational level and living in a
deprived neighborhood are associated with a lower prevalence
of blood glucose monitoring and not knowing how to deal with
extreme blood glucose levels (10, 11). Furthermore, especially
the combination of smoking, physical inactivity and a lower
consumption of fruit and vegetables is prevalent in socioeco-
nomically deprived groups in the Netherlands (12-16). There
is thus a need for effective interventions that improve glycemic
control among socioeconomically deprived patients with type
2 diabetes.

There are multiple factors that influence self-management
behaviors among socioeconomically deprived patients, such as
a lack of knowledge, low health literacy, low risk perception,
low outcome expectations, low self-efficacy, and specific socio-
economic barriers (lack of financial resources and environmental
factors) (7, 9, 17-21). However, an increasing amount of studies
shows that social interactions with friends and family members
have a major impact on self-management behaviors as well.

Social support, the aid and assistance exchanged through
social relationships and interpersonal transactions, can positively
influence self-management, but significant others can also hinder
self-management by interfering with or paying too much atten-
tion to self-management (22, 23). Socioeconomically deprived
patients seem to have less access to supportive social networks,
to generally have fewer sources of social support in their social
environments and to receive less social support, which is needed
for adherence (24-26). In addition, they are often confronted
with social influences from their immediate social environments
that hinder self-management (e.g., peer pressure, specific cultural
beliefs and expectations, and fewer positive role models) (27, 28).
Interventions that target social influences affecting self-man-
agement behavior, such as social support, might be promising.
To the best of our knowledge, there are no interventions that focus
simultaneously on social support and hindering social influences
in this target population.

Therefore, we developed a social network-based intervention
(Powerful Together with Diabetes) that aimed to stimulate social
support for self-management and to diminish hindering social
influences on diabetes self-management (DSM) among socio-
economically deprived patients. This target population often has
poor reading and writing skills (20). Furthermore, using elec-
tronical devices and participating in online communities might
be hindered by a low income and low health literacy (29, 30).
Therefore, in our study design, we choose to focus on real-life
social networks instead of focusing on online social networks.

We used IM to develop Powerful Together with Diabetes
(31). The development was part of a 4-year project consisting

of the development, implementation and evaluation of the
intervention. We had 1 year for the intervention development
and preparation for implementation. The study design, results
of the process evaluation, and the effects of the intervention
on outcome measures are described in a number of papers
(32-34).

This article describes the first four steps of the intervention
development. The development of the entire intervention is
described in detail in the handbook and the materials, which
are available from the author. The development of the most
distinctive features of this intervention is outlined here including
the specific focus on social support and social influences that
affect self-management, particularly in patients from socio-
economically disadvantaged neighborhoods, and on examining
the specific educational requirements of patients living in such
neighborhoods.

MATERIALS AND METHODS

The first four phases of Intervention Mapping consist of the
following: (1) conducting a needs assessment, (2) creating
performance and change objectives, (3) selecting theory-based
intervention methods and practical strategies, and (4) translating
methods and strategies in an appropriately organized program.
This section describes the methods used for the needs assessment.

Needs Assessment

The needs assessment consisted of a literature review and a
qualitative study. The most current version of the IM handbook
specifically focuses on participatory planning (35). However, at
the beginning of this project in the IM handbook of 2006, this
focus was less extensive (31). We encountered some barriers
to participatory planning as advocated by the IM method. For
example, we did not know the exact neighborhoods in which
the intervention would be implemented due to difficulties with
the recruitment of general practitioners (GPs). We planned
to aim the intervention at a very specific target population
(with suboptimal glycemic control) and did not want to create
false expectations within a community. Therefore, we did not
precisely know which community to address. Because of these
barriers combined with time constraints, we choose to focus
more on other aspects of the intervention development instead
of on participatory planning.

Literature Review
The needs assessment started with a scoping review of the lit-
erature (unpublished) on social support and an exploration of
theories related to self-management: the theory of self-regulation,
different self-management theories, and the transactional model
of stress and coping, relapse prevention, and social learning theo-
ries (36-40). The databases PubMed, Embase, PsycINFO, and
Google Scholar were searched for articles describing the influ-
ence of social support on diabetes outcomes and DSM. A search
was also made for intervention studies that aimed to increase or
create social support for DSM.

The literature review provided a general overview of the most
important factors related to self-management of people with type
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2 diabetes, i.e., low outcome expectations, low self-efficacy, lack
of knowledge on diabetes, and low risk perception (7, 9, 17-21).
The review also revealed that not only social support but also
other social influences in the immediate social environments of
the patients (e.g., peer pressure, social norms, and role models)
are important for self-management, especially in patients from
socioeconomically deprived neighborhoods.

However, information was lacking on the precise nature of
these determinants among our target population. For example,
which social norms and role models are present in the social
environment of these patients and how do these affect self-
management behaviors? What form does peer pressure take and
how is this related to self-management behaviors? How can these
determinants be influenced? With the aim to address these ques-
tions, we then conducted a qualitative study to further examine
the relation between social support and other social determinants
on self-management behaviors. This qualitative study was con-
ducted among people with type 2 diabetes from socioeconomi-
cally deprived neighborhoods, particularly Turkish, Moroccan,
Surinamese, and Dutch patients.

Qualitative Study

During this project, we had 1 year for the intervention devel-
opment and the preparation for implementation (recruitment
of GPs and patients, writing our proposal for the medical
ethical committee). In practice, we had 4 months for our needs
assessment.

The qualitative study consisted of semi-structured in-depth
interviews with health-care professionals and their patients. In
addition, participant observations took place and we analyzed a
forum held for people with diabetes. Because of time constraints,
we decided that 24 in-depth interviews would be attainable. To
further validate our findings, we also re-analyzed the in-depth
interviews and focus group discussions with people with diabetes
that were organized and conducted by fellow researchers.

Interviews

Semi-structured in-depth interviews were held with people with
diabetes from lower socioeconomic groups (n = 21) and their
health-care professionals (n = 3). They were recruited via a dia-
betes nurse who was working in a socioeconomically deprived
neighborhood and via an advertisement placed on a diabetes
forum. All three health-care professionals (two diabetes nurses
and one general practice assistant) worked in socioeconomically
deprived neighborhoods and were recruited with the help of GPs
involved in this study.

The 21 patient interviews were conducted at the respondents’
homes or, if preferred, at alocal community center or health-care
center (eachinterviewlasted 60-90 min). For all interviews, a topic
list was used which was revised in the light of emerging findings.
Relevant topics (Table 1) included as follows: self-management
in daily life, barriers and facilitators to self-management, interac-
tions with health-care professionals, and the role of relatives/
friends in self-management.

After patients had provided informed consent, the inter-
views were recorded, transcribed verbatim, and analyzed with
MAXQDA software using framework analyses (41). In addition, a

secondary analysis was performed on data from previous research
(interviews and focus group discussions with people with dia-
betes from socioeconomically deprived neighborhoods). These
interviews were held with Surinamese, Turkish, and Moroccan
patients, as well as with patients from lower socioeconomic
groups in general, and included topics similar to those used in
our own interviews. Parts of these interviews were already coded
in MAXQDA, which enabled us to incorporate the relevant codes
into our own analyses; the remaining interviews were analyzed
using framework analyses (21, 42-45).

Observations

The daily practice of a diabetes nurse working in a socioeconomi-
cally deprived neighborhood in The Hague was closely observed.
Observations were also made during a 6-week intervention
called “Dealing with Diabetes” that was organized for Turkish,
Moroccan, and Dutch people with type 2 diabetes in socio-
economically deprived neighborhoods in Amsterdam. This took
place by means of a participant, non-structured observation. One
of our research group (Charlotte Vissenberg) observed all patient
consultations with the diabetes nurse for 2 days from 0800 to
1700 hours in September 2008. The diabetes nurse saw (on aver-
age) 20 patients per day. The researcher sat in the nurse’s office
(unobtrusively at the back) and was introduced to each patient
as a colleague who would observe the consultations. All patients
were asked if they had any questions regarding this observation;
moreover, each patient was guaranteed his/her anonymity and
was asked to provide informed consent. None of the patients
had any questions and none refused participation. During the
group-based intervention “Dealing with Diabetes,” the researcher
(Charlotte Vissenberg) sat at the back of the room whilst the
patients took part in the intervention.

During the observations, the researcher (Charlotte Vissenberg)
wrote down everything that she saw and heard. After each con-
sultation, she checked her findings with the diabetes nurse and
the health promoter to ensure/optimize validity. These field notes
were subsequently analyzed using thematic charting.

Analysis of Forums for People with Diabetes

Finally, we analyzed all the public content of forums held for
people with diabetes. It appears that individuals (subjectively)
report worse health and more often seek health information
online, than individuals (subjectively) report good health.
Furthermore, much information sought online is related to
“sensitive” health topics that people prefer not to discuss with
others (46). Kummervold et al. found that almost half of their
respondents discussed personal problems online that they did
not discuss with other people (47). Therefore, we analyzed
all the public content of a forum organized for people with
diabetes (48).

This forum was not specifically intended for patients from
socioeconomically deprived neighborhoods and we doubted that
these patients would participate in such a forum. However, we
expected younger patients from our target population to par-
ticipate, which might provide us with useful information as well.
We selected www.diabetesforum.nl because it was organized by
a professional organization (the National Diabetes Association),
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TABLE 1 | Topic list for patients from a socioeconomically deprived neighborhood.

1. Living with diabetes

— When were you diagnosed with diabetes?

— What do you have to do to keep your diabetes under control on a daily basis?

— How did your life change since the diagnosis?

What did you find difficult to change? What did you find the most difficult to get used to? Do you still experience difficulties with certain aspects of diabetes self-
management (DSM)? Which aspects? Why?

2. Self-management

Medications

— Which medications do you take? When do you take these?

— How do you fit your medication use into your daily life? Do you find that difficult?

— Do you always manage to take your medications correctly and on time?

— Could you specify a situation in which you did not manage to take your medications? How do you deal with these situations?

— What do you need to take your medications correctly and on time (practical and social support)? What could your significant others have best done in this situation?

Insulin

— Do you use insulin? When?

— How do you fit your insulin use into your daily life? Do you find that difficult?

— Do you always manage to take your insulin correctly and on time?

— Can you specify a situation in which you did not manage to take your insulin? How do you deal with these situations?

— What do you need to take your insulin correctly and on time (practical and social support)? What can your significant others do for you in these situations?

Nutrition

— In what way(s) did you adapt your nutrition when you were diagnosed with diabetes? Did you find that difficult? Do you still find that difficult?

— Do you manage to eat sufficient healthy foods every day? Do you manage to eat regularly every day? Do you manage not to eat too many calories every day?

— Can you name some obstacles/situations in which it is difficult to manage healthy eating? (e.g., holidays, busy schedules, and bad mood)

— How do you deal with situations like these? In these situations, what do you need to be able to eat healthily? What can your significant others do for you in these
situations?

Physical activity

— Do you exercise more since the diagnosis? How do you experience this?

— Do you manage to get enough exercise every day?

— Can you describe obstacles/situations in which it is difficult to exercise enough? (e.g., holidays, busy schedules, and bad mood)

— How do you deal with situations like these? What do you need to get enough exercise in these situations? What can your significant others do for you in these
situations?

Smoking

— Do you smoke?

— Can you describe obstacles/situations that make it difficult for you to quit smoking?

— How do you deal with situations like these? What do you need so that you will not start smoking in these situations? What can your significant others do for you in
these situations?

— Former smoker: are you ever tempted to start smoking again? In which situations? What do you need so that you will not start smoking in these situations? What can
your significant others do to support you?

3. Role of significant others (family members, friends, acquaintances)

-

. Which people are important for your DSM?

What is their role in your DSM? Do they help or support you? With what? How? How do you experience that?

. For your DSM, what kind of support do you receive that you really appreciate? With regard to your self-management, what do you appreciate most about your family

members and significant others?

4. What is it that these people do that makes them supportive of your self-management? What can they do that you find difficult? How do they support you?

Are you sometimes confronted with beliefs about diabetes that are incorrect? How do you deal with these beliefs? How do these beliefs affect you? Do you behave

differently because of these beliefs?

6. Do you ever experience difficulties in managing your diabetes when you are with others? Could you describe such a situation? What happens in these situations?
How do you feel in these situations? What do you need in these situations?

7. Does it ever happen that people in your immediate social environment do not take your DSM into account? Can you describe such a situation? What happens in
these situations? How do you feel in these situations? What do you need in these situations?

8. Does it ever happen that family members or friends make it difficult for you to manage your diabetes? Can you describe such a situation? What happens in these

situations? How do you feel in these situations? How do you deal with these situations? What do you need in these situations?

SEN

o

very active (lots of activity of members but also lots of new users) We analyzed all public content from this forum from until April
and was accessible to us. 2010. The content was analyzed using selective coding, focusing

Particular attention was paid to comments that indicated a  only on barriers/facilitators to self-management and the role of
lower socioeconomic background, e.g., related to educational  significant others (e.g., relatives and friends) in the performance
level or profession, and to writing that included language that we  of self-management. Additional analyses were performed using
recognized from our needs assessment phase. framework analysis (41).
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RESULTS

We start this section with a description of the intervention lay
out (step 4 of IM) followed by an explanation how we came to
this specific intervention lay out (steps 1-3 of IM: the results of
the needs assessment, performance and change objectives, the
intervention methods and strategies).

The Intervention Layout

This section describes the way the intervention was set up for
the participants. Powerful together with Diabetes is a group inter-
vention that lasted 10 months and consisted of the following 32
meetings: (i) 24 for participants (10 per group), (ii) 6 for their
significant others, and (iii) 2 social network therapy sessions,
which was attended by the participants and their significant oth-
ers. These three components are described separately below.

Meetings for Participants

Phase 1

Phase 1 focused on providing the participants with the basic
tools to manage their diabetes. During this phase that lasted
3 months, participants came together every week for 2 h in a
community center (within walking distance from their homes)
under the supervision of a group leader. During phase 1, five
topic were discussed: what is diabetes (one meeting), blood
glucose levels (two meetings), medications (two meetings), diet
(four meetings), and exercise (two meetings). The last two meet-
ings entailed a module of choice and the celebration of the end
of phase 1. Each meeting centered around one topic and started
with drinking coffee and tea followed by interactive games,
quizzes, and role-playing exercises combined with energizers
(fun exercises to stimulate bonding between participants and to
provide a break for participants to increase the attention span).
At the end of the meeting, the participants walked with each
other around the neighborhood. Table 2 presents an overview
of the topics.

In phase 1, recurring program components were as follows:
question time, sharing positive news, sugar disease game, nutri-
tion game, letter of the week, role-playing, energizers, exercising,
weighing pros and cons, homework, cookbook, summarizing
results, and complimenting the participants. These components
were adapted to the gender and cultural background of the
different groups (e.g., letter of the week for the Surinamese
patients could be about combining medications with nostrums;
for Moroccan and Turkish women, it could focus on the fear of
becoming addicted). Table 3 lists these program components.

Phase 2

Phase 2 focused on providing the participants with a set of (pro-
active) coping skills. Every meeting centered around one aspect
of making an action plan: keeping a diary (two meetings), choos-
ing a behavioral goal (one meeting), discussing problems and
solutions (one meeting), identifying barriers and formulating
solutions for these barriers (two meetings), practicing difficult
situations (one meeting), discussing barriers and solutions and
coping with these barriers (two meetings), making plans for the
future (one meeting) and celebrating the end of the intervention

(one meeting). Also in this phase, the meetings consisted of
interactive games and role playing exercises alternated with
energizers. At the end of the meeting, the participants walked
with each other around the neighborhood.

In this phase, the meetings no longer took place every week.
Gradually, more time was placed between each meeting thereby
stimulating the participants to undertake activities together,
without the group leader being present. The aim was to make
participants more independent and to stimulate communication
and exchange of social support/social influences outside of the
regular meetings. The first two meetings were only 1 week apart;
meetings 2-5 took place biweekly; meetings 6-9 took place once
every 3 weeks and, finally, meeting 10 took place 4 weeks after
meeting 9. Table 4 presents an overview of the topics included
in these meetings.

Recurring program components were homework, review of
the last meeting and exchange of experiences, keeping a diary,
group exercises, making an action plan, energizers, and walking
with other group members (Table 5).

Review of the last meeting and exchange of experiences, the
energizers, and walking with group members are described in
Table 2. In phase 2, some of the energizers focused on remember-
ing information from phase 1 through games and/or exercises
(e.g., throwing a ball and naming a green food from the nutri-
tional game when catching the ball). Instead of the group leader
initiating walking together and determining how long it would
take and where they would go, in phase 2 the participants were
encouraged to take the initiative. Participants had to choose what
they would like to do (e.g., swimming instead of walking) to make
them feel more independent and to make walking (with group
members) easier.

Meetings for Significant Others of Participants

For the meetings with significant others, each participant was
asked to invite two persons that they considered important for
their DSM. In each phase, three meetings were held for significant
others during which the diabetic patients were not present.

Phase 1 focused on increasing practical knowledge about
diabetes and its treatment. It also aimed to make the significant
others believe that self-management is necessary and to create
awareness about their important role in this self-management.
Phase 2 focused on supporting a relative or friend with managing
diabetes. The aim was to make the significant others aware that
self-management is a shared responsibility between themselves
and the patient, and to make them feel confident to support the
patient (self-efficacy and skills).

Generally, we used the same program components that
were used in the group meetings for participants. The program
components were also alternated with energizers. Other program
components (Table 6) included letting the significant others
experience certain behaviors themselves to help them empathize
with the participant.

Social Network Therapy Sessions (Participants

and Their Significant Others)

In phase 2, both the participant and their significant others par-
ticipated in two social network therapy sessions. Both sessions
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TABLE 2 | Overview of the topics in the meetings for participants: phase 1.

Meeting Topic Content of meeting

1 What is diabetes? Getting to know each other (energizer)
Glucose, insulin and the origin of diabetes (sugar disease game)

Watching a DVD

2 Blood glucose levels

2.1 Blood glucose levels Review of the last meeting and exchange of experiences

Collection of questions

Information about high and low blood glucose levels (sugar disease game)

Exchanging experiences and advice about recognizing and dealing with high/low blood glucose levels
(letter of the week)

Exchanging advice and practicing together how to deal with fear of getting a high/low blood glucose
levels (letter of the week and role-playing)

e DVD

Walking with group members

2.2 Monitoring of blood glucose levels
(Meeting 1 for significant others)

Review of the last meeting and exchange of experiences

Collection of questions

Weighing the pros and cons of monitoring blood glucose levels because they might be too high
(letter of the week)

Practicing and exchanging advice together about monitoring of blood glucose levels in company
(letter of the week and role-playing)

Walking with group members

3 Medications

3.1 Medications

Review of the last meeting and exchange of experiences

Collection of questions

Weighing the pros and cons of medication use (letter of the week)

Exchanging experiences and advice about difficulties adhering to medication guidelines (role-playing)
Exchanging experiences and advice about how to deal with forgetting medications (letter of the week)
Information about medications (sugar disease game)

Walking with group members

3.2 Medications

Review of the last meeting and exchange of experiences

Visit from a diabetic nurse: opportunity to ask questions about own medications (participants brought
own medications to the meeting)

Exploring own medications with diabetic nurse: what are the different medications for? how to use
these medications?

e DVD

Information on influence of medications on blood glucose levels when exercising heavily, whenill,
when forgetting medications (sugar disease game)

Walking with group members

4 Diet

4.1 Diet 1 (Meeting 2 for
significant others)

Review of the last meeting and exchange of experiences
Collection of questions

Information about a healthy diet (nutrition game)

Doing groceries (information on labels/explanation of logos)
Walking with group members

4.2 Diet 2

Review of the last meeting and exchange of experiences

Exchange of experiences and advice about barriers to eating healthy (letter of the week and
role-playing)

Walking with group members

4.3 Diet 3

Review of the last meeting and exchange of experiences

Exchange of experiences and advice about resisting temptations (letter of the week)

Practicing and exchanging advice together about resisting food in social situations (letter of the week
and role-playing)

Eating at regular intervals (group discussion)

Walking with group members

4.4 Diet 4 (Meeting 3 for
significant others)

Review of the last meeting and exchange of experiences

Visit from a dietician: group members can choose between visiting a supermarket (how to pick healthy
food from all the labels, how to read food labels), or adjusting their recipes to make them healthier
Recipes: cookbook

Walking with group members

(Continued)
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TABLE 2 | Continued

Meeting Topic Content of meeting
5 Exercise
5.1 Exercise 1 * Review of the last meeting and exchange of experiences
* \Weighing the pros and cons of physical activity
* How much do | exercise (group exercise)?
e How can we incorporate physical activity into our daily lives?
* Walking with group members
5.2 Exercise 2 e Review of the last meeting and exchange of experiences
* Exchanging experiences and advice on how to deal with peer pressure not to exercise (letter of the
week)
® Practicing and exchanging advice on strategies to overcome peer pressure regarding exercise
(role-playing)
e Walking with group members
6 Module of choice * Review of the last meeting and exchange of experiences
e Participants can choose one of the following modules: diabetes on holiday, diabetes and Ramadan,
smoking and/or sexual problems
7 Celebration: end of phase 1 e Review of the last meeting and exchange of experiences

Looking back at phase 1
Graduation phase 1: diploma

lasted about 25 min each and took place at the respondents’ home
or, if preferred, at the community center.

During the first social network therapy session, the participant
and their significant others determined a behavioral goal the
participant could work on. This behavioral goal had to be based
on the action plan used in the meetings for participants. Also,
together with the group leader, they identified facilitators/barri-
ers to achieve that goal and considered ways that the significant
others could contribute to achieving this goal. The session ended
with compiling a list of specific agreements that stipulated who
will do what, and when, to achieve this goal.

The second social network therapy session evaluated the
things that went well and the things that need to be improved.
If necessary, a new/adapted list of agreements was complied.

Training and Supervision of Group Leaders

Powerful Together with Diabetes was delivered by various group
leaders. The Turkish and Moroccan groups consisted of separate
groups for men and women, whereas both men and women were
included in the Surinamese group. Each group was guided by a
group leader who was matched with the participants on ethnicity
and gender. The leaders of the Dutch groups were diabetes nurses,
GP assistants, and nurse practitioners, whereas the leaders of the
Moroccan, Turkish, and Surinamese groups were migrant health
workers.

All group leaders received 4 h of training before phase 1 and
another 4 h before phase 2. In these training sessions, they par-
ticipated in some of the intervention components themselves.
They were also trained to use the handbook of phases 1 and 2,
how to use the materials for the participants and how to guide
and stimulate group bonding during the intervention. During
these training sessions, they were provided with all interven-
tion materials they needed during that phase. During the
interventions, all group leaders had regular telephonic contact
with the researchers; these calls helped with questions about the

intervention and also provided practical advice. In this way, any
problems were quickly and efficiently solved.

Step 1: Needs Assessment and

Development of the Logic Model

According to the IM method, we conducted a needs assessment to
gain an understanding of the determinants underlying DSM and
the target population of this study.

The results of the needs assessment are summarized in a logic
model (Figure 1). A logic model describes the health problem,
its impact on quality of life and its behavioral and environmental
causes (35).

Our logic model is based on the results of the literature review
and the qualitative study and outlines: (i) the personal and exter-
nal determinants related to the self-management behaviors of the
target population and (ii) also that of people in their immediate
social environment. This section describes the development of
the logic model.

Development of the Logic Model

The needs assessment yielded many determinants related
to the self-management of our target population. To explore
these determinants, two theoretical models were applied that
matched and further explained the results of the needs assess-
ment, i.e., the [-Change model, and the transactional model of
stress and coping (39, 49). The overall layout of the intervention
is based on the I-Change model (49), which helped to decide in
what order the determinants arising from the needs assessment
should be addressed. However, because the needs assessment
showed that the social network plays an important role in
DSM, we combined the social network model of Berkman and
Kawachi (50) with the I-Change model (Figure 2). Figure 2
shows the way we aimed for the intervention to address the
determinants arising from our needs assessment. Our needs
assessment showed that social influence might impact which
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TABLE 3 | Program components: phase 1.

Program components

Description

Review last meeting and exchange of
experiences (10-15 min)

At the start of each meeting, the group leader discusses how the period since the last meeting has been, and how the
participants worked on their homework. Participants were stimulated to ask questions, exchange experiences, and help
each other with their homework

Collection of questions (5—-10 min)

To guarantee that the meeting fits the needs of the participants, the group leader starts with a short description of the
meeting and writes down the participants’ questions on this topic. At the end of the meeting the group leader checks
whether all questions have been answered

Sharing positive news (5 min)

To make participants more open for new information, they share positive news of the previous week with each other
(self-affirmation). This news can cover any topic as long as it was experienced as positive by the participant

Sugar disease game (15-35 min)

Many meetings include a knowledge game. Participants participate in a quiz or a game, often teaming-up and
competing with each other. The group leader only provides the information that participants ask for themselves. The aim
is to only provide information needed by the participants and prevent giving an overload of information. The information
provided was supported with visual aids from the Netherlands Institute for Health Promotion and Disease Prevention
(NIG2)

Nutrition game (60 min)

Participants were divided into groups and given plastic cards with photographs of dishes and foodstuffs. The cards are
divided into breakfast, dinner, lunch, snacks, beverages and others. Participants can place cards on three different piles:
green (eat as often as you like), orange (eat to a limited extent), and red (try to avoid, eat very rarely). They were asked
to place each of these cards on the correct pile. Afterward, participants discussed the correct place for the cards with
each other

Letter of the week (20-45 min)

This is a fictional letter from “someone with diabetes” who has a problem that needs to be solved. Participants are
invited to brainstorm about the problem and help the writer of the letter to solve their problem. The letter of the week
was used to uncover participants’ tacit views and provide them with solutions they might be able to use themselves

Role-playing 20 min (on average)

Every meeting included a role-playing exercise in which participants practiced together with some difficult situation.
Participants could also provide role-playing scenarios themselves (e.g., difficult situations with which they were
personally confronted). Each exercise ended with the exchange of advice and tricks/ideas the participants could use in
their own lives

Energizers (5-15 min)

Energizers included passing a ball along and giving the person who fetches the ball compliments, balancing on a
balloon to feel all the muscles in the body, playing “web of life” (a game that shows that everybody needs each other),
keeping a balloon in the air, etc. The aim of these energizers is to stimulate bonding between group members and to
refresh participants so that they are able to absorb new information again

Exercising with participants (30 min)

To show the participants how to exercise for 30 min and also let them experience this, each meeting the group leader
walks with the participants for 30 min around the neighborhood (i.e., the participants’ own neighborhood). The group
leaders are instructed to walk among the participants, so they can talk to everyone

Weighing pros and cons (15-20 min)

To change outcome expectations, the participants brainstorm about the pros and cons of certain behaviors (e.g.,
refusing food at a party). This can be done through group discussions, sometimes using a whiteboard to count the pros
and cons. The group leader aimed to emphasize the pros to stimulate positive outcome expectations

Homework The participants get homework at the end of each meeting. They were often asked to pay special attention to certain
things (e.g., when do you smoke more than usual?) or to try and meet other participants outside of the meetings
Cookbook The recipes of all participants were collected and compiled in a cookbook, which was given to the participants during

the intervention. The cookbook also contained information about choosing healthy ready-to-eat meals for those
participants who did not cook

Summarizing results and complimenting
participants (10 min)

To help participants feel they had spent their time well, had helped each other and learned a lot, at the end of each
meeting the group leader summarizes what the participants have learned, and tells participants that he/she is proud of
them

health information reaches individuals (before awareness). We
also observed that patients that received information, cues to
action and/or were aware of their risks, were still hindered by
social influences in their social environments (perceived social
support, social influences, and social engagement) to change
and maintain their behavior which is why social influences
appears twice in Figure 2.

The needs assessment also showed that our target population
has inadequate coping skills; this represents a challenge for the
implementation of self-management behaviors. This finding is in
line with other reports on coping and socioeconomic position.
Therefore, in our intervention, we decided to emphasize the items

“Ability factors” and “Barriers” of the I-Change model. These were
extended by replacing them with the transactional model of stress
and coping. Again, because the needs assessment stressed the
importance of the social network, we extended this model with
the social network model of Berkman and Kawachi (Figure 3).
In short, the logic model assumes that our target popula-
tion has a lower quality of life (increased disability/morbidity,
increased pain/discomfort, and increased depression/anxiety)
due to long-term health problems (high morbidity, diabetes-
related complications, increased risk for cardiovascular disease,
and negative psychosocial outcomes such as high depression
rate/stress). These long-term health problems are related to
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TABLE 4 | Overview of topics in meetings for participants: phase 2.

Meeting Topic Content of meeting

1 Diaries 1: physical activity, medications and e
blood glucose levels

Discussing the pros and cons of keeping a diary

Keeping a diary for exercise, medications and blood glucose (group exercise)
Walking with participants
Meeting 4 for significant others

2 Diaries 2: nutrition and smoking

Review of the last meeting: exchange of experiences

Comparing diary for exercise, medications and blood glucose with formal guidelines (group exercise)
Keeping a diary for nutrition and smoking (group exercise)

Walking with participants

3 Choosing a behavioral goal

Review of the last meeting: exchange of experiences

Comparing diary for nutrition and smoking with formal guidelines (group exercise)
Choosing a behavioral goal, action plan part 1 (group exercise)

Walking with group members

4 Problems and solutions

Review of the last meeting: exchange of experiences
Exploring barriers and thinking of solutions together, action plan part 2 (group exercise)
Walking with group members

5 Barriers in the immediate social
environments

Review of the last meeting: exchange of experiences

Exploring barriers in the immediate social environment, action plan part 3 (group exercise)

Special attention to feeling guilty about burden on significant others regarding the disease (letter of the week)
Walking with group members

Meeting 5 for significant others

Social network therapy session 1

6 Solutions for barriers in the immediate
social environment

Review of the last meeting: exchange of experiences

Exploring solutions for barriers in the immediate social environment, action plan part 4 (group exercise)
How to ask for help (letter of the week, brainstorming)

Walking with group members

7 Practicing difficult situations

Review of the last meeting: exchange of experiences
How to respond to peer pressure (role-playing)
Asking for help, being assertive (role-playing)
Walking with group members

Homework: keeping diaries again

8 Barriers and solutions part 2

Review of the last meeting: exchange of experiences
Comparing new diaries and old diaries, action plan 5 (group exercise) and discussing what goes well and

what needs to be improved

Walking with group members

9 Coping with difficult situations

Review of the last meeting: exchange of experiences

Thinking ahead and being proactive in solutions

Dealing with risky situations in the future, action plan 6 (group exercise)
Walking with group members

Meeting 6 for significant others

Plans for the future

Review of the last meeting: exchange of experiences

What are we going to do in the future (group exercise)

Dealing with risky situations in the future, action plan 7 (group exercise)
Walking with group members

Social network therapy session 2

11 End of the intervention

Review of the last meeting: exchange of experiences
Looking back at phase 2
Graduation phase 2: diploma

poor self-management behaviors and ineffective coping skills
caused by external determinants (social engagement/support/
influences) and personal determinants (negative outcome
expectations, perceived cultural norms and social expectations,
moral norms, low risk perception, lack of practical knowledge,
low self-efficacy, inadequate use of social network resources,
and inability to expand social network with diabetes-related
resources). It was also expected that the barriers (both external
and personal) would be related to more distant determinants
(such as unemployment, poverty, and marginalization) and

other societal factors (in our original logic model) that might also
influence long-term health problems. However, as Intervention
Mapping stipulates focusing on the most important/changeable
determinants, it was decided not to include these distant deter-
minants but to consider them as the contextual environment in
which the patients live. Although it is beyond the scope of this
chapter to describe all the results of the needs assessment, the
abovementioned determinants are in accordance with earlier
studies on people with diabetes living in lower socioeconomic
neighborhoods.
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TABLE 5 | Program components: phase 2.

Program components Description

Homework

In phase 2, the homework of the participants consisted of keeping their diaries, working on their behavioral goals and staying

in contact with other participants in the weeks that had no intervention meeting

Keeping a diary

For this intervention, special diaries were developed for the participants to keep. They consisted of an outline of the days,

which the participants could fill in. For filling in we used stickers, drawings or, if possible, writing. For example, for smoking we
had stickers of little cigarettes, for physical activity stickers with a “10” on it (for 10 min) and stickers with different colors for
the medications. The nutrition diaries could be filled in by means of writing or drawing

Group exercise (30-45 min)

The group exercises consisted of assignments the participants had to do in small groups (3 participants). Their aim was to let

the participant practice and ask each other for feedback in a non-threatening environment, before sharing their experiences
with the whole group. It also aimed to clarify what the participants were struggling with and to provide the group leader with

guidelines for further explanations

Weighing pros and cons (15-20 min)

To change outcome expectations the participants brainstormed with each other about the pros and cons of certain behaviors

(e.g., refusing food at a party). This was done through group discussions, sometimes using a whiteboard to count the pros
and cons. The group leader aimed to emphasize the pros to stimulate positive outcome expectations

Action plan

The action plan consisted of 6 parts. It contained many pictures and consisted of outlines the participants had to fill in.

Participants who could not write were teamed up with someone that could. The participants were not given all parts of the
action plan at once, to prevent them from getting discouraged. They received a portfolio in which they added a part of their
action plan each meeting; in this way they did not have to face all the work they still had to do, but could see their work

growing

Part 1:
when achieving this goal
Part 2:

Choosing a behavioral goal, making it specific, determining who could help with this goal, and thinking of a reward

Determining two important barriers to achieve the behavioral goal (some of the barriers were already listed in the

action plan for the participants to mark). For each barrier, the participant has to create five solutions (together with

group members)
Part 3:
solutions
Part 4:

Determining important barriers in the immediate social environment to achieve the behavioral goal and thinking of

Thinking about ways significant others can help with diet, physical activity, taking medications, monitoring of blood

glucose levels, and quitting smoking or smoking less

Part 5:
phase 2
Part 6:
situations
Part 7:
risky situations

Updating action plan according to keeping a diary and comparing this diary with the one filled out in the beginning of
Determining risky situations in the near future (the coming 2 weeks) and making plans to overcome these risky

Determining two new risky situations in the near future (the coming 2 weeks) and making plans to overcome these

Role-playing [20 min (on average)]

Every meeting contained a role-playing exercise in which the participants practiced together with a difficult situation from

their action plan. The participants could also provide role-playing scenarios themselves (e.g., difficult situations they were
confronted with themselves). Each exercise ended with the exchange of advice and tricks the participants could use in their

own lives

Exercising with participants (30 min)
the participants took

Continuing to walk for 30 min. Each time a different participant was responsible for the content of the exercise, or the route

Therefore, here we describe only the most distinctive/new
features of the intervention, i.e., specifically focusing on the social
support/social influences affecting self-management, and on
the educational requirements of these patients from a socioeco-
nomically deprived neighborhood.

The Social Network and Self-management Behaviors
Diabetic patients that receive a lot of social support are better
able to manage their diabetes than patients that receive little
social support (22, 51-54). However, the immediate social
environment of patients can hinder DSM. For example, nega-
tive interpersonal relationships (distrust, criticism, and domi-
nance) also have a major impact on health and health behavior
(23, 54-56). Non-supportive behaviors from family members
and friends result in lower therapy adherence or lower metabolic
control, and too much support (albeit intended by significant
others) can be experienced as a form of interference (57-63).

These social influences might have a stronger impact on health
than social support alone (22, 50). There are indications that this
is especially the case among people with lower health literacy
(64). This stresses the need to examine the impact of all influ-
ences of the social networks of patients on self-management
behaviors.

The social networks of individuals in socioeconomically
deprived neighborhoods often consist of persons that are in the
same situation as themselves. For example, in the Netherlands,
low-income households are often clustered in the same neigh-
borhoods and work environments (65). Moroccan, Turkish and
Surinamese immigrants often live in neighborhoods and work
in environments consisting mainly of people with the same non-
Western ethnic background (66). For people in socioeconomi-
cally deprived neighborhoods, the neighborhood they live in and
their family members generally form the most important source
of their social contacts (65).
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TABLE 6 | Overview of the content of the meetings for significant others.

Meeting Topic Content of meeting

Phase 1

1 Sugar disease and blood
glucose levels

Watching a DVD

Getting to know each other (introduction of participants)

Glucose, insulin and the origin of diabetes (sugar disease game)
Experiencing what it is like to measure blood glucose and thinking of ways to support someone with this (measuring

blood glucose, followed by a group discussion)

Homework

o Reading the leaflet “What is diabetes?”
o If they do not know how to use glucagon: ask a relative/friend or pharmacy

2 Medication and physical activity e

activity (group discussion)
Homework:

Review of the last meeting: exchange of experiences
Importance of taking medications and of physical activity (letter of the week, and weighing pros and cons)
Brainstorming and exchanging advice about ways to support a relative/friend with taking medications and physical

o To be physically active (e.g., by participating in Netherlands in Motion)

3 Healthy nutrition

Review of the last meeting: exchange of experiences

Discussing the importance of healthy eating (weighing pros and cons)

Information about a healthy diet (nutrition game)

Brainstorming and exchanging advice about ways to support a relative/friend with eating healthy (group discussion)

Phase 2

4 Diaries Collection of questions

Practicing filling in a diary and discussing ways to support someone with filling in a diary (group exercise)

5 Behavioral goals and
improvement points

Collection of questions

Review of the last meeting: exchange of experiences

Choosing a behavioral goal (action plan: part 1)
Thinking about helpful and non-helpful behavior (group exercise, weighing pros and cons)

(@}
°

Review of the last meeting: exchange of experiences
Exchanging experiences and advice on how to help someone with diabetes regarding different topics: diet, medications,

physical activity, smoking, monitoring of blood glucose levels (letter of the week)

Module of choice (see Table 2)

Social relationships between people that are in the same
difficult situation (e.g., situations characterized by exclusion,
stigmatization, and/or poverty) are often strong because of
these shared experiences. The social networks they reside in are
often smaller and less open than those of people with a higher
socioeconomic status (26). The social networks of people in
socioeconomically deprived neighborhoods often consist
primarily of bonding social capital (social interactions between
members of a homogeneous social network) and lack bridging
social capital (social interactions that allow social network
members to access resources other than those in their own
social networks) (26, 65, 67).

According to the social network model of Berkman and
Kawachi, the social network influences health through the fol-
lowing five mechanisms: (i) social support, (ii) social influence,
(iii) social engagement, (iv) person-to-person contact, and
(v) access to resources and material goods (50).

Social support consists of emotional, instrumental, infor-
mational and appraisal support. Social influence consists of
constraining/enabling influence on health behavior, social
norms, peer pressure, and social comparison processes. Social
engagement consists of physical/cognitive exercise, rein-
forcement of meaningful social roles, bonding/interpersonal
attachment, and “handling and grooming” effects. Moreover,

the social network approach assumes that not every social
network is necessarily beneficial for the health of its members.
Also, some social networks are better in promoting health
than others, but not everyone has equal access to these social
networks (26).

Small, closed, and dense social networks, like those of our
target population, might positively influence health because
the exchange of social support is often high (26). However, the
strong interdependence between social network members can
also prevent members from acquiring new information and
“getting ahead” in life (65, 67, 68). Small social networks are also
associated with lower therapy adherence and lower metabolic
control (59, 69). In addition, this type of social network is known
to impose strong social norms on its members; when these
social norms are incongruent with health behaviors, these social
networks often have an adverse influence on the health of its
members (70).

Social Network and Self-management Behaviors

in Patients from Socioeconomically Deprived
Neighborhoods

Five major themes related to the role of significant others in
self-management behaviors emerged from the qualitative data
of our needs assessment: (i) trying not to bother others, (ii)
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FIGURE 1 | Results of the needs assessment: the logic model.

trying not to stand out at social events, (iii) peer pressure at
social events, (iv) social norms regarding medication use and
physical activity, and (v) having no “allies” in the immediate
social environment.

Trying Not to Bother Others

Most respondents indicated that they considered their diabetes
to be their own responsibility and did not want to bother their
significant others (mostly partners, children and friends) with
their condition. Most respondents did not see any advantage in
asking for social support and indicated that they were capable of
managing their diabetes by themselves.

As a result, these respondents often felt “bad” in front of their
significant others if they had to take their diabetes into account.
For example, some respondents said that they felt sorry for their
partners because they always have to set the alarm clock to take
their insulin on time, even when their partner wants to sleep.
They often did their best not to burden their significant others
with their self-management. As a result, our respondents (as well
as the participants in the diabetes forum) indicated that they
always have to be the stronger person, which demands a lot of
self-control.

I often have to watch my husband eating a whole bowl
of custard, cream and chocolate flakes. That’s really dif-
ficult, but I don’t want to put him under pressure - 'm
the one who's sick, not him ... (Patient).

The health-care professionals indicated that relatives often
know very little about diabetes and/or the ways to help out with
self-management, or they think they are being helpful whereas
this is in fact perceived differently by the diabetic patients.

Not asking for support also affected the ability of the respond-
ents to make changes in their self-management. For example,
all women from the ethnic minority groups indicated that it is
difficult to cook something different, or serve more healthy food,
when their significant others do not like it and/or refuse to eat it.

(...when serving brown rice instead of white rice):
“Then they ask - what've you made now? Coconut?”
(Patient).

Trying Not to Stand Out during Social Events
Most respondents were aware that they and their significant oth-
ers shared the same unhealthy lifestyle. For most respondents,
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FIGURE 2 | The I-Change model combined with the social network model of Berkman and Kawachi (50).

adhering to the diabetes guidelines meant behaving differently
from their significant others. Most respondents did not want to
draw attention to themselves and their diabetes, i.e., they did
not want to stand out in general and especially not during social
events.

Particularly the combination of not wanting to bother oth-
ers and trying not to stand out during social events proved
detrimental for their self-management behaviors. When eating
at the house of a friend/relative, patients tried to blend in with
the others and would not ask the host to take their diabetes into
account (e.g., to eat at a certain time, or to make/buy special
foods). This often caused uncomfortable situations (e.g., not eat-
ing everything that was served, or having to ask for something
to eat before dinner) and often required extra self-management
skills (e.g., eating in advance, rearranging their insulin dosages).

Social parties were also experienced as being difficult. The
respondents did not want to bother the host with questions
about the ingredients or ask him/her to make something espe-
cially for them. Therefore, they often did not know what they
can/cannot eat. Also, it is difficult to predict how often people
might come around offering snacks and what these snacks
might contain. This combination of not asking for support
and trying not to cause a fuss also made going out to dinner
difficult. Respondents said they sometimes had to wait too long
for their food and, because they do not always know what the
ingredients are, this makes injecting the right amount of insulin
a challenge.

Trying to “blend in” also affected their medication use. Most
respondents did their best not to inject insulin during social situ-
ations. Some said that the looks from other people made them
feel uncomfortable, others said that their relatives did not like
to witness an injection (fear of needles), and sometimes asked
annoying questions, or interfered too much.

Peer Pressure at Social Events

The respondents reported a lot of peer pressure and temptations
at social events that affected their diet. Most said that they found it
unpleasant when everybody was eating, whilst they either cannot
or should not eat that particular food.

The Turkish, Moroccan, and Surinamese respondents indi-
cated that the food plays a central role in their daily life. Offering
food is seen as a sign of hospitality and it is customary to pre-
pare extra food for guests. Refusing food is seen as impolite.
Although respondents knew that they should not accept all the
food that is offered, they did not want to hurt anybody’s feel-
ings. Therefore, they often “act” as though they (temporarily)
do not have diabetes, or try to avoid these situations as much
as possible.

Almost all respondents had difficulty in resisting temptation
and often felt under pressure to eat unhealthy/too much food,
especially in the presence of negative role models.

“... when youre at a party and other people with
diabetes eat really unhealthy things”. Or ‘they’ (people
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FIGURE 3 | Transactional model of stress and coping combined with the social network model of Berkman and Kawachi (50).
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at a party) say: “Well, this one and that one have got Social Norms Regarding Medication Use and Physical Activity

diabetes - and it's OK for them” (Patient).

The needs assessment showed that social norms were especially
prevalent in medication use. All respondents indicated that they

The respondents handle these situations differently: some  prefer not to take any medication at all. Medications are often

accept that their blood glucose levels will be too low or too high.  regarded as “chemicals” that are not good for their body. Most
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respondents did not see their medication use as something
permanent and hoped that 1 day they could live without medica-
tion. This was confirmed by the health-care professionals who
reported that patients often think that if they lose weight they can
live without medication. Most respondents had a strong aversion
to insulin and indicated that they definitely did not want to use
insulin in the future.

Then (when you have to use insulin) - that’s when
you're really sick (Patient).

According to the health-care professionals, Hindustani Suri-
namese persons often prefer not to take medications and have a
strong tendency to see if they can manage without them. They
fear that the medications will damage their kidneys; moreover,
when they feel unwell they often skip their medication. Especially
the use of insulin is experienced as a problem by these patients
as it is associated with severe diabetes-related complications. We
also observed that Surinamese patients sometimes try to “cleanse”
their body by not using medications for a longer period of time.
In addition, the interviews showed that Surinamese patients often
get advice from other persons not to take their medications but to
use “nostrums” (remedies from non-physicians) such as certain
herbs or vegetables.

Turkish and Moroccan patients often have doubts about the
medications prescribed by their physician. In Morocco and
Turkey, physicians generally prescribe more medications and
behave in a more authoritative way. Physicians in the Netherlands
tend to ask more questions, which is interpreted by patients as
lack of competance (3). The health-care professionals reported
that, after the summer, these patients often arrive at consultations
with a bag of (unnecessary) “new” medications they received
from physicians in Morocco or Turkey. They also indicated that,
among Moroccan and Turkish men, medications are sometimes
associated with impotence.

During Ramadan, 60-80% of Turkish and Moroccan patients
is non-adherent to their medications (71). Individuals who can-
not participate during Ramadan due to illness are supposed to
compensate by giving money to the poor. However, interviews
with professionals revealed that this can be problematic when
the individual involved has little/no money. According to the
professionals, some alternatives, such as taking food to the poor,
are also difficult because this is not socially accepted behavior in
the Netherlands.

Social norms also affect physical activity. For example,
Moroccan, and Turkish women mentioned they had no money
to go to the gym, and that simply “walking around” was not an
option for them. They were worried about what people in the
neighborhood might think if they just “walked around” without
going anywhere/without a valid reason. This situation was con-
firmed by the health-care professionals.

No “Allies” in the Immediate Social Environment

Most respondents said that they only knew a few people with
diabetes and, often, they did not identify with them. For exam-
ple, these acquaintances had different ways of dealing with their
diabetes or were worse off than themselves, making it difficult to

exchange ideas, ask questions, or share experiences. This affected
multiple self-management domains. Also, quitting smoking was
difficult because they were often surrounded by smokers and felt
they were the only ones trying to quit.

... just try stopping when you’re living in a house with
five smokers! (Diabetes forum).

Also, especially Dutch respondents said that they did not go to
the gym (or go walking) because they had no one to go with, or
had no one who thought it necessary to go to the gym.

Considerations Regarding Health Promotion

in Patients from Socioeconomically Deprived
Neighborhoods

The needs assessment also provided us with considerations
related to health promotion in patients from socioeconomically
deprived neighborhoods that needed to be taken into account
when developing a group-based intervention for patients from
socioeconomically deprived neighborhoods.

The respondents often had busy lives: they spend a lot of time
taking care of their family (e.g., grandchildren and chronically
ill relatives) and/or working. Some respondents felt stressed due
to financial problems, or problems with raising their (teenage)
children, or were worried about relatives living abroad. This
was confirmed by the health-care professionals who reported
that these patients often had difficult lives before the additional
problem of developing diabetes.

You're already having a tough time - then you also get
one of the most difficult diseases that exist (Health-care
professional).

Because of this, their disease was often given a low priority.
Although they did what they had to do for their diabetes, most
did not actively seek information about diabetes themselves.
Some respondents expressed the desire for the diabetes nurse or
the dietician to simply tell them what they had to do. According
to the respondents, the diabetes regime is always complicated
because one has to constantly think about the choices to be made
and it is never simply “yes” or “no.” The health-care professionals
stated that these patients do not necessarily want lots of medical
information about their disease, but mainly want to know what
they have to do and what they cannot do.

Second, the interviews revealed that most respondents
have a low level of education, i.e., the majority had attained
no, or only one, diploma. They had little learning experience,
or their learning experiences were mostly negative, e.g.,
being unable to follow the classes, or being bored during
lessons. These respondents were not convinced that “educa-
tion” would help them to better understand their diabetes;
they said that they were not suitable to learn things, or that
“learning was not really their thing” From our observations
during the intervention “Dealing with diabetes” we knew that
most participants had little experience with following classes.
The more traditional educational methods (e.g., the teacher
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talks and the audience listens) did not seem suitable for this
population, e.g., they had a short attention span and became
distracted when they did not understand the information pre-
sented. Instead of asking questions, the participants generally
chose to focus on something else (e.g., their telephones, or
other participants).

Moreover, reading and writing was often a challenge for these
respondents; this was confirmed by the interviews with the pro-
fessionals. Also, the level of knowledge about diabetes differed
between the respondents; some were unable to name one thing
they had to do for their diabetes and could not recall whether they
had ever heard of high/low blood glucose levels, whereas others
could distinguish between their medications and also explain the
basics of diabetes.

The needs assessment also revealed factors that might be
important for the group process during the intervention. Most
respondents were rather direct/blunt when we first met them
(“rough diamonds”); however, this type of attitude can be prob-
lematic in a group where everybody needs to feel safe to speak
freely. Moreover, it may be a challenge to find a balance between
dealing with one’s problems in daily life whilst also focusing on
the aims of the intervention.

Conclusions of the Needs Assessment

In conclusion, patients from socioeconomically deprived neigh-
borhoods generally have social networks that seem less beneficial
to self-management because of their small size and the limited
ability to acquire new information. Furthermore, the strong
social norms these social networks impose on their members
seem incongruent with self-management behaviors. Moreover,
these patients receive little social support for self-management
behaviors because they often lack sources of support in their
social networks and are reluctant to ask for social support or
show others that they need it. These patients find it difficult to
deal with influences from their social network such as various
temptations, peer pressure, negative role models, and social
norms. Moreover, for these patients, some of their significant
others are unaware that they can/should help, or they simply do
not know how to help.

During interventions for patients from socioeconomically
deprived neighborhoods, the following aspects should be taken
into account: low outcome expectations regarding education
and low motivation for education; a low priority for diabetes; a
desire for practical information; reading and writing difficulties;
differences in knowledge about diabetes and factors that might
affect the group process during the intervention.

Step 2: Creating Performance and
Change Objectives

The second step in IM is the development of matrices of change
objectives that describe what needs to change in behavior and
the environment to improve health and quality of life (35). We
specified change objectives that describe what needs to change
to achieve performance objectives, which in turn will lead to
changes in behavioral and environmental conditions that will
lead to accomplishing the program goals (35).

Formulating Program Goals

The needs assessment showed that our target population encoun-
tered influences that affected their self-management within their
social networks (bonding social capital), including lack of social
support, peer pressure, and social norms but also experienced
difficulties in accessing other resources (bridging social capital)
outside their social networks, such as new information, an ally/
buddy, and other positive role models. In addition, they did
not make adequate use of the social network resources already
present in their social networks (asking for support, not dealing
adequately with peer pressure, social influences and negative role
models).

Therefore, based on the needs assessment and consulta-
tions with the experts, when we formulated program goals it
was decided that our intervention should not only focus on
the patient and their immediate social environment (bonding
social capital) but also on bringing diabetic patients in contact
with fellow patients (bridging social capital) thereby extend-
ing their social networks with diabetes-related resources. We
aimed to extend the participants’ social networks with more
diabetes-related resources while simultaneously making their
own social networks more diabetes friendly. Accordingly,
the following program goals were formulated for the social
network that should be achieved by participation in the
intervention:

(1) Extend the participants’ diabetes-related social networks,
facilitating the exchange of social support and positive social
influences with group members,

Increase the participants’ ability to handle social influences
that hinder their self-management such as norms, peer pres-
sure, and temptations,

Increase the engagement and support of the participants’
significant others in their self-management.

)

©)

Performance and Change Objectives

This section focuses on the performance and change objec-
tives that were formulated to achieve the program goals for the
social network. The program goals for the social network were
translated into performance objectives and change objectives.
Table 7 provides an overview of the performance objectives for
the entire intervention. The health-promoting behaviors of the
social network are formulated as performance objectives but also
as change objectives: objectives for determinants supportive of
self-management behaviors.

We organized two brainstorming sessions with five researchers
who studied diabetes, nutrition, overweight and physical activity
among patients in lower socioeconomic groups, or in minority
groups. During these sessions, we checked the content of our
performance objectives against their findings and experiences.
Then, three researchers who had experience with Intervention
Mapping, critically reviewed our performance and change objec-
tives to see if they matched the Intervention Mapping conditions
and were suitable to build our intervention on. Based on these
meetings, our performance objectives were adjusted where
necessary.
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TABLE 7 | Performance and change objectives of the intervention Powerful Together with Diabetes.

Performance The participant

The participant in relation to their significant

The significant others

The support group of the

objectives others participants
Phase 1 1. Participant deals adequately with diabetes 1. Participant tells significant others which 1. Significant others gather basic information 1. Participants in the support
1.1. Participants know the origins of diabetes obstacles he encounters with the correct on diabetes group continue to participate
1.2. Participants know the basics about what and consistent intake of medications 1.1. Significant others attend the meetings that 2. Participants in the support
happens in the body 2. Participant tells significant others which they are invited to attend group experience the
2. Participant is therapy adherent with regard obstacles he encounters when managing 1.2. Significant others collect new information atmosphere as positive and
to medications blood glucose levels on diabetes pleasant
2.1. Participant takes his medications correctly 2.1. Participant tells significant others which 2. Significant others support the patient to 3. Participants in the support
and consistently every day obstacles he encounters when monitoring take medications correctly and consistently group experience the
2.2. Participant takes his insulin correctly and blood glucose levels 3. Significant others support the patient to meetings as fun and
consistently every day 2.2. Participant tells significant others which take insulin correctly and consistently informative
3. Participant optimally manages his blood glucose obstacles he encounters when dealing with 4. Significant others support the patient to 4. Participants in the support
levels high/low blood glucose levels manage blood glucose levels group trust each other and
3.1. Participant self-monitors his blood glucose levels 3. Participant tells significant others which 4.1. Significant others support the patient to feel safe with each other
correctly and consistently obstacles he encounters when maintaining correctly monitor blood glucose levels 5. Participants in the support
3.2. Participant adequately deals with high/low blood a healthy eating pattern 4.2. Significant others support the patient to group share experiences with
glucose levels 3.1. Participant tells significant others which correctly deal with high/low blood glucose each other
4. Participant has a healthy eating pattern obstacles he encounters when eating levels 6. Participants in the support
4.1, Participant eats sufficient healthy foods every day sufficient healthy foods 5. Significant others support the patient to group listen to each other
4.2. Participant exercises regularly every day 3.2. Participant tells significant others which maintain a healthy eating pattern 7. Participants in the support
5. Participant exercises enough obstacles he encounters when trying to eat 5.1. Significant others support the patient to eat group respect each other’s
5.1. Participant exercises enough every day regularly sufficient healthy foods opinions
5.2. Participant exercises with the right intensity 3.3. Participant tells significant others which 5.2. Significant others support the patient to eat
every day obstacles he encounters when trying not to regularly
6. Participant does not smoke eat too much each day 5.3. Significant others support the patient to not
6.1. Participant quits smoking 4. Participant tells significant others which eat too much
obstacles he encounters when being 6. Significant others support the patient to be
physically active physically active
4.1, Participant tells significant others which 6.1. Significant others support the patient to
obstacles he encounters when exercising exercise sufficiently
sufficiently 6.2. Significant others support the patient to
4.2. Participant tells significant others which exercise with the right intensity
obstacles he encounters when exercising 7. Significant others support the patient
with the right intensity to quit smoking
5. Participant tells significant others which
obstacles he encounters when not smoking
5.1. Participant tells significant others which
obstacles he encounters when trying to quit
smoking
Phase 2 1. Participant monitors his own behavior 1. Participant tells his significant others what 1. Significant others see diabetes self- 1. Participants in the support
(medications, insulin, nutrition, physical activity support he needs management (DSM) as a shared responsibility group form a team
and smoking) 2. Participant brainstorms with significant others 2. Significant others regularly ask about how the

1.1. Participant compares his own behavior with the
norm

about what needs to be changed to receive
this support

DSM is going

(Continued)
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TABLE 7 | Continued

Performance The participant

The participant in relation to their significant

The significant others

The support group of the

objectives others participants
1.2. Participant specifies goals for own behavior 2.1. Participant brainstorms with significant others  2.1. Significant others regularly ask the 2. Participants in the support
2. Participant indicates obstacles to achieve goals about what he can change about himself participants how the DSM is going group participate in activities
2.1. Participant indicates internal obstacles 2.2. Participant brainstorms with significant others 2.2. When the DSM goes well the significant together to improve their DSM
2.2. Participant indicates obstacles in immediate about what they can change about themselves others give the patient compliments (besides the regular group
social environment 3. Participant makes agreements with significant  2.3. When experiencing obstacles, the significant meetings)
3. Participant collects possible coping strategies others about giving and receiving support others give positive feedback 3. Participants in the support
to overcome obstacles when achieving goals 4. Participant implements the appointments 3. Significant others brainstorm with the participant ~ group keep on supporting
4. Participant chooses coping strategy that fits with significant others about the source of these obstacles each other with their DSM
him and his problem(s) 5. Participant evaluates the implementation of 3.1. Significant others brainstorm with the participant  after the end of the
5. Participant makes an action plan to implement the appointments with significant others about obstacles within the participant intervention
the chosen coping strategy 6. Participant adjusts the agreements together 3.2. Significant others brainstorm with the participant
6. Participant carries out the action plan with significant others when necessary about obstacles outside the participant
7. Participant evaluates the action plan and 7. Participant asks for support of significant others 4.  Significant others choose a constructive strategy
adjusts it when necessary when experiencing a relapse and goes to 2 to overcome these obstacles together with the
7.1. Participant evaluates the action plan 7.1. Participant asks for support after a relapse participant
7.2. Participant adjusts the action plan when necessary  7.2. Participant goes back to 2 after a relapse 4.1. Significant others choose a suitable strategy
8. When experiencing a relapse, the participant with the participant
interprets this positively (not as a failure) and goes 5. Significant others make agreements with the
back to 3 participant
8.1. Participant interprets relapse positively 5.1. Significant others concur with the participant
8.2. Participant goes back to 3 on agreements about asking for and receiving
support
6. Significant others keep these agreements
7. Significant others evaluate these agreements
and adjust them when necessary
7.1. Significant others evaluate the agreements
together with the participant
7.2. Significant others adjust the agreements with
the participant when necessary and go to 2.1
8. Significant others avoid using punitive remarks
when the participants experience a relapse
8.1. Significant others avoid punitive remarks
8.2. Significant others go to 2.3
1. Participant identifies future risk situations for his Same as above Same as above
DSM
2. Participant chooses the most suitable coping
strategies to prevent these risk situations turning
into a relapse
3. Participant makes an action plan
4. Participant implements the action plan before
encountering high-risk situations
5. Participant evaluates his coping strategy and
adjusts it when necessary
5.1. Participant evaluates his coping strategy
5.2. Participant adjusts the action plan when

necessary and goes back to 4

100
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The performance and change objectives were formulated on
the following four levels:

(1) the participant,

(2) the participant in relation to their significant others,

(3) the significant others,

(4) the participant’s support group as part of the intervention.

Tables 8-10 provide an example of the change objectives for
the performance objective “Patient adequately monitors his/her
blood glucose levels,” “Patient explains obstacles during monitor-
ing of blood glucose levels to significant others,” and “Significant
others support patient with adequate monitoring of blood
glucose levels” (levels 1-3). Because we anticipated challenges in
the group process of the intervention (which was a key aspect of
this intervention) we also formulated performance and change
objectives for level 4, i.e., the participant’s support group as part
of the intervention (Table 11).

Step 3: Selecting Theoretical Methods
and Practical Strategies

In this step, we selected change methods based on the perfor-
mance and change objectives. Based on these change methods
we created practical strategies that formed parts of the program
lay out (35). For this intervention, the practical strategies and
program components were developed together with a psycholo-
gist who has considerable experience in working with lower
socioeconomic groups. When selecting theory-informed inter-
vention methods/practical strategies and producing program
components/materials, the literature and other ongoing lifestyle
interventions were scrutinized for methods and strategies that
would be suitable for our target population. These practical
strategies/program components were submitted twice to a
panel of migrant health workers with a Turkish, Moroccan, and
Surinamese background (n = 6). In addition, panel members
were consulted individually about the specific cultural groups in
our target population. Finally, some of the intervention compo-
nents were pre-tested among the target population by means of
focus group discussions (n = 3) in which we “practiced” some of
the intervention components.

The next section describes the ways we used our needs assess-
ment to choose methods and strategies for the intervention.

Methods and Strategies Specific for Patients from
Socioeconomically Deprived Neighborhoods

This section describes the ways we considered the results of the
needs assessment regarding our methods/strategies for our target
population. From the needs assessment we knew that our target
population had little (or primarily negative) experiences with
education. Therefore, when selecting our theoretical methods
we aimed to make learning as much fun and as interesting as
possible. The aim was to make our participants curious about
diabetes-related topics and make participation a positive experi-
ence by focusing on the abilities of our participants rather than
on their shortcomings.

One of our strategies included an inductive educational
approach (72). In contrast to deductive education that stems
from theory, inductive education is built from the students
experiences. Instead of telling students what they need to know
from a theoretical point of view (deductive approach), we let the
students practice with a problem they can relate to and slowly
add information and theory to their understanding (inductive
approach). Using this approach, the group leader can also inves-
tigate what the participants already know and which knowledge
is incorrect or new (since the amount of foreknowledge about
diabetes differed). Therefore, an inductive approach focuses on
the abilities of the students and is closely connected with their
interests (72). An example of the inductive approach is the game
about nutrition: the participants had to solve a puzzle (what foods
are green, which are orange and which are red?) together. The aim
was to let them brainstorm together, focus on what they already
knew, let them discover themselves what they did not know, and
add to their knowledge and understanding where necessary.

To make learning as much fun as possible, it was important
that the participants did not feel as though they were students
but, nevertheless, felt that they benefited from each meeting. At
the beginning and during the intervention, it was emphasized
that they could help other participants with their own experi-
ences and feedback (participatory problem solving). We did not
use traditional educational strategies (such as teaching in front
of a classroom) but non-traditional intervention strategies such
as games and role-playing, with (fun or relaxing) energizers to
optimize the attention span. The participants were encouraged
to relate what they would “take home” from the intervention
to help them realize what they had learned, or their particular
significance for the other participants.

We also focused on self-affirmation by accentuating the per-
sonal qualities of the participants. This is a method to stimulate
cognitive developments (72) and avoid dismissive/defensive
reactions toward information perceived as a threat, and makes
participants more perceptible for new information (73, 74).
Practical strategies included giving each other compliments and
constructive feedback, energizers, and sharing the positive news
of the week at the start of each meeting.

To ensure a close connection to the interests of our par-
ticipants, we involved them in the intervention through active
learning to increase relevance and interest. This meant that the
participants had direct influence on the topics and rehearsal situ-
ations addressed during the intervention.

Because most participants had a low educational background
and problems with reading/writing, it can be difficult for them to
learn/remember new information. Therefore, we used practical
educational methods that enabled participants to remember
the provided information and to practice real-life situations.
Practical strategies included skills training with guided practice
and feedback (practicing situations) and “chunking” (breaking
up long pieces of information into easy to remember chunks).
Also, a limited amount of information was provided at each
meeting, and information from the previous meeting was always
repeated at the latest meeting. In phase 2, the participants had to
plan coping responses with the help of an action plan; this plan
mainly consisted of the use of stickers and pictures.
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TABLE 8 | Example of change objectives—the participant.

Performance Personal determinants External determinants
objective
Attitude, outcome Perceived (cultural) Moral norms Knowledge Self-efficacy and skills Social Support Social influence
expectations norms and social
expectations
Participant Participant expects that ~ Participant realizes Participant Participant knows why he needs  Participant feels confident that  Significant others accept the Significant others
monitors blood  monitoring his blood that monitoring blood regards to monitor blood glucose levels  he can monitor blood glucose monitoring of blood glucose levels  accept that

glucose levels
correctly and
consistently

glucose levels correctly
and consistently will
provide more control
and security

Participant expects
that he will understand
his body better by
monitoring blood
glucose levels

glucose levels is more
important than trying to
fulfill social expectations

monitoring blood
glucose levels
correctly and
consistently as a
part of daily life

Participant knows why, how, and
when he needs to monitor

Participant knows that he has
to monitor blood glucose levels
before, during and after a day in
the sun (holiday)

Participant knows he has to
monitor blood glucose levels
more often during illness, or after
a change in eating pattern

levels during social activities

Participant feels confident that
he can monitor blood glucose
levels during special occasions

Participant shows that he can
attribute “bad” blood glucose
levels as controllable

Participant shows he can
adequately deal with significant
others who give him strange
looks, or find it unpleasant
when he monitors blood

by the participant

Significant others indicate that the
monitoring of blood glucose levels
is necessary

Significant others make sure the
participant has a quiet place to
monitor his blood glucose levels
or

Significant others find it normal
that the participant monitors blood
glucose levels in their company

the participant
regularly monitors
blood glucose
levels and support
him

glucose levels

TABLE 9 | Example of change objectives—the participant in relation to their significant others.

Performance
objective

Personal determinant

External determinants

Attitude, outcome
expectations

Perceived (cultural) norms and social
expectations

Moral norms

Self-efficacy and
skills

Social support

Social influence

2.1. Participant
tells his
significant
others which
obstacles he
encounters
when
monitoring
his blood
glucose
levels

Participant expects that
informing his significant others
will not affect his autonomy,
but will make monitoring blood
glucose levels correctly and
consequently easier

The participant expects that
informing his significant others
will enable them to better
support him when monitoring
his blood glucose levels

The participant expects that
the burden he will put on
his significant others will be
acceptable

Participant realizes that his significant others
might influence the management of his blood
glucose levels:

— Asking annoying questions

— Giving funny looks or being disgusted

— Acceptance of monitoring

— Not being helpful with high or low blood
glucose levels

Participant realizes that his significant others
cannot take his needs into account if he does
not inform them

Participant realizes that informing his significant
others is more important than blending in with
the others (i.e., acting as though nothing is
wrong; acting as normal as possible)

Participant realizes that informing his significant
others is more important than being afraid of
burdening them

Participants
regards
informing his
significant
others as a
part of his
responsibilities

102

Participant is
confident to dare
and to be able to
inform his significant
others about the
obstacles he
encounters when
monitoring his blood
glucose levels

Participant is able to
show how to inform
his significant others
about the obstacles
he encounters when
monitoring his blood
glucose levels

Participants in the
support group help
with thinking about
the best ways to
inform each other’s
significant others
about the obstacles
they encounter when
monitoring their blood
glucose levels

Significant others
indicate that they

are interested in

the obstacles the
participant encounters
when monitoring his
blood glucose levels

Participants in the support group encourage
the participant to inform his significant others
about the obstacles he encounters when
monitoring his blood glucose levels

Participants in the support group exchange
positive experiences with informing significant
others about the obstacles they encounter
when monitoring his blood glucose levels

Participants in the support group inform their
significant others (positive example for other
group members) about the obstacles they
encounter when monitoring their blood glucose
levels

Significant others encourage the participant to
tell them about the obstacles he encounters
when monitoring his blood glucose levels
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TABLE 10 | Example of change objectives—the significant others.

Performance

Personal determinants

objective
Attitude, outcome expectations

Knowledge

Perceived (cultural) norms
and social expectations

Moral norms Self-efficacy and skills

4.1. Significant others
support the participant
when monitoring

his blood glucose
levels correctly and
consequently

Significant others expect that the
participant will be better able to
manage his diabetes when he regularly
monitors his blood glucose levels
Significant others are receptive to new
information about the monitoring of
blood glucose levels

Significant others know that the monitoring
of blood glucose levels is an important part
of DSM

Significant others know how and when
the participant needs to monitor his blood
glucose levels

Significant others know that the participant

Significant others realize
that the monitoring of blood
glucose levels is more
important than blending in
with the others

Significant others
regard supporting the
participant with the
monitoring of his blood
glucose levels as part
of their responsibilities

Significant others are confident that they can
support the participant with the correct and
consistent monitoring of his blood glucose
levels

Significant others can tell what kind of support
the participant needs from them

Significant others can tell how they can offer
this support in the best way

needs to monitor more often when the
participant’s temperature is high, when the
participant is ill, or when the participant
alters his eating pattern

TABLE 11 | Example of change objectives—the participant’s support group.

Performance
objective

Personal determinants

External determinants

Attitude, outcome
expectations

Perceived (cultural) norms
and social expectations

Moral norms

Self-efficacy and skills

Social support

Social influence

1. Participants

in the support
group continue to
participate in the
group meetings

Participants in the
support group expect
that participation will
increase their control
over their diabetes

Participants in the
support group expect
that participation will
motivate them to keep
exercising, eat healthy
and quit smoking

Participants in the support
group believe that their group
members will also keep on
participating

Participants in the support
group feel that they are
expected to keep on
participating

Participants in the support
group realize that participating
in the support group is more
important than fulfilling other
social expectations

Participants in the
support group view
participating in the
support group as
something that
belongs to them

Participants in the
support group feel
like part of the group

Participants in the support
group are confident that they
can keep participating in the
support group

Participants in the support
group can show how to
deal with negative remarks
from significant others about
participation

Participants in the support
group show how to conquer
doubts and a lack of
motivation to attend the group
meetings

103

Participants in the support group support each other in
dealing with negative remarks from significant others

Participants in the support group support each other in
dealing with doubts and a lack of motivation to attend the
group meetings

Participants in the support group give each other positive
feedback when missing a meeting

During each meeting, the group leader indicates how
good it is that everybody is present

Significant others facilitate the participant to attend the
group meetings (taking care of the children, helping in
the household, not nagging about the meetings, not
prohibiting the participant to attend)

Participants in the
support group
keep participating
(positive example
for other group
members)

Significant others
indicate that they
appreciate that the
participant keeps on
participating
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TABLE 12 | Theoretical methods and practical strategies.

General objective

Subgoals

Theoretical methods

Practical strategies

1. Extending participants’
diabetes-related social
networks, facilitating the
exchange of social support
and positive social influences
with group members

Participants positively influence

each other (role models, positive

peer pressure, positive group
norms)

Participants encourage and
support each other in adhering
to their self-management during
the intervention, and continue
to support each other after the
intervention has ended (advice,
helping each other)

Participants continue to see

each other after the intervention,

and continue to do DSM-
related activities together (e.g.,
exercising)

Skills training for providing and
mobilizing social support
Participatory problem solving
Conscientisation methods

Team building and human relations
Stimulating communication and
mobilizing social support

Group meetings for people with diabetes: phases 1 and 2

— Participants took part in interactive games and energizers (short breaks during the intervention to keep
the participants motivated and concentrated during the rest of the program: energizers often consisted
of short exercises aimed at group bonding, e.g., throwing a balloon back and forth while giving
each other compliments) in which they had to team-up with someone or form alliances. They were
encouraged to open up to each other through these games and energizers

— Participants were regularly invited to talk about their self-management problems and to ask group
members for advice. To do this, the group members learned skills for giving constructive feedback

— In small subgroups, participants did assignments in which they had to help each other (e.g., adjusting
recipes together) to get used to giving and receiving social support

— Participants had shared goals during the intervention such as making a cookbook together and
attaining their diplomas

— Participants were encouraged to phone and/or meet up with each other outside of the group meetings

Group meetings for people with diabetes: phase 2

— Periodic (first two weekly, then monthly) meetings were held. Participants were encouraged to continue
seeing each other in between group meetings without the group leader

2. Increasing participants’
abilities to handle social
influences that hinder their
self-management, such as
norms, peer pressure, and
temptations

Participants critically evaluate the
impact significant others have on

their DSM

Participants are better able to
deal with social influences that
hinder their self-management,
such as peer pressure (e.g.,
pressure to eat unhealthy
foods or to overeat, or negative
feedback when exercising or
taking medications)

Influencing normative beliefs by making
peer expectations visible

Building resistance to social pressure

to engage in risk behavior

Modeling and vicarious reinforcement

Group meetings for people with diabetes: phase 1

— Group discussions were held about social situations in which managing diabetes is difficult (in
response to a DVD, a letter of the week, and of their own accord)
— Participant practiced these strategies with group members during role-playing exercises

Group meetings for people with diabetes: phase 2

— An action plan was drawn up in which social influences and dealing with social influences played an
important part (group meetings). Together with other group members, the person with diabetes came
up with strategies and solutions to overcome these difficulties

3. Increasing the engagement
and support of the
participants’ significant others
in self-management

Participants ask significant
others for support
Participants indicate that their
significant others are more

involved in their self-management

(providing more support or more
enabling social influences)
Participants experience more
enabling social influences

Self-reevaluation

Stimulating communication and
mobilizing social support
Modeling

Participatory problem solving

Group meetings for people with diabetes: phase 1

— Participants were encouraged to tell their significant others they have diabetes (if they did not know)
— Participants were encouraged to tell their significant others about the negative social influences and
barriers they face (social network therapy)

Social network therapy session: phase 2

— Participants discussed solutions and strategies with their significant others to deal with negative social
influences on self-management

— Together with their significant others, participants agreed on an action plan in which the significant
others play an active role in their self-management. In this action plan, the participant and his/her
significant other(s) described the problem they would be working on and barriers and facilitators
to overcome this problem. Finally, they agreed on some concrete appointments with each other to
overcome this problem
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management of the patient with diabetes
— To change their norms regarding self-management tasks, the significant others critically evaluated their

behavior with regard to self-management
— Group discussions were held about ways to better facilitate the self-management of their relative with

own lifestyles through interactive games
— Significant others did interactive assignments in which they distinguished helpful and non-helpful

— Significant others learned more about diabetes and the important role they play in the self-

Group meetings for significant others: phases 1 and 2
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TABLE 12 | Continued
General objective

diabetes
— Significant others learned ways to ask about their relative’s self-management in a friendly, supportive

way (group meetings for significant others)

Finally, to anticipate the varied and compelling priorities of
our participants, the methods and strategies applied in this inter-
vention focused on dealing with difficult situations that affected
self-management; this was to promote/ensure long-term results.
Therefore, the focus was on skills training with guided feedback.
For example, participants exercised in their own neighborhood,
and went to their own supermarket with a dietician to select
healthy foods. Barriers that were encountered (e.g., an unsafe
neighborhood, the higher costs of healthy food) were dealt with
during these outings (e.g., exercising while shopping for grocer-
ies, finding alternatives that are also healthy, etc.).

Methods and Strategies for the Social Network

This section entails a description of the methods and strategies
specific for the health-promoting behaviors of the social network.
The needs assessment indicated that for interventions using group
processes, it is important to consider how to shape these group
processes for the participants. It is also important to consider
how to balance dealing with personal problems and the goals
of the intervention. Moreover, participants might have personal
characteristics that can hinder the use of the group process during
the intervention. Table 12 presents an overview of the methods
and practical strategies for the health-promoting behaviors for
the social network.

For this intervention to be successful, it was important that the
participants became a mutual support group, i.e., support each
other and positively influence each other in self-management
behaviors. Therefore, during the intervention we focused on the
group process and on establishing a safe learning environment,
by increasing trust and the exchange of emotions/experiences
between participants. The methods used to achieve this included
team building and human relations, stimulating communication
and mobilizing social support, and skills training for providing
and mobilizing social support. Participants made agreements
about trust and also agreed to treat the experiences/stories shared
within the group in a confidential way. They participated in inter-
active games in which they had to team-up and form alliances.
During the intervention, they established shared goals (e.g.,
making a cookbook together), were encouraged to share personal
stories (e.g., by relating their positive news of the week), and the
energizers were aimed at getting to know each other, having fun
together, and appreciating each other (e.g., by giving each other
compliments). Group members practiced giving constructive
feedback and giving/receiving social support before implement-
ing this in real-life situations.

The second goal was to increase the participants’ abilities to
handle the social influences that hindered their self-management.
Methods included the following: influencing normative beliefs
by making peer expectations visible, building resistance to social
pressure, modeling, and vicarious reinforcement. Practical strat-
egies focused on making social influences on self-management
visible by means of group discussions and stories about role
models. Furthermore, strategies included helping fictional people
with self-management problems, followed by giving advice to/
asking advice from fellow group members. In phase 2, the par-
ticipants made an action plan that focused on how to manage
their diabetes within their social environments together with
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group members; in addition, they practiced the skills needed
for implementing this action plan during role-playing exercises,
followed by feedback from the group members and group leader.

Finally, the intervention aimed to increase the engagement
and support of significant others in self-management behaviors.
Methods to achieve this included self-reevaluation, stimulating
communication and mobilizing social support, modeling, and
participatory problem solving. Practical strategies included group
meetings for significant others, in which the significant others
learned the difference between supportive and non-supportive
behaviors, communication skills, and how they might contribute
toward self-management. Other strategies included the social
network therapy sessions in which the patient and their signifi-
cant others made an action plan together, which specified what
each of them could do to achieve the joint goals.

DISCUSSION

Powerful Together with Diabetes primarily consists of non-
traditional intervention strategies. The Intervention Mapping
method focuses on matching theory and evidence based methods
to the change objectives formulated in phase 2 of the intervention
development and provides a state of the art overview of these
methods (75). This helped our planning group to think out of the
box, select the right methods and to create practical strategies that
combined multiple methods at the same time.

Furthermore, the overviews of the change objectives and
their matching methods and strategies facilitated our evalu-
ation design. These overviews together with the data collected
throughout the intervention period provided us with a thorough
understanding of why certain aspects of the intervention worked
while others did not.

However, lessons can be learned for future health promotion
in this target population. First, though the intervention was
appreciated and experienced as useful we noticed that the inter-
vention did not fully fit the needs of the participants and seemed
not totally in concordance with their daily lives. During the
intervention, we realized we did not know the full extent of the
problems those in our target population faced in their daily lives.
Getting to know this target population takes time (76). Because
of the nature and long time span of the intervention, we got to
know the participants and their daily lives very well. Although the
social network appeared to be a real problem for their DSM, this
target population also faces other important problems. During
the intervention, we noticed it did not fully meet the participants’
needs and did not seem entirely consistent with their daily lives.

Our participants often had multiple conditions, were experi-
encing financial problems, marital problems, domestic violence,
or were caring for sick relatives. These problems had a major
impact on DSM, and the priority they gave to DSM. Although
the intervention aimed to teach participants to deal with these
problems so they could self-manage their diabetes, this was not
always realistic. For example, if your husband or son is abusing
you, it is very unlikely he will become a supportive partner in
your DSM.

Intervention Mapping stresses, the importance of conduct-
ing a needs assessment before developing the intervention.

A health-related needs assessment includes a study of the deter-
minants of behavior and environmental contributors to health
problems or health risks (75). To do this, IM increasingly stresses
the importance of participatory planning. Important elements of
the needs assessment are the involvement of a planning group
with planners, implementers, and program participants, and the
involvement of the community throughout the whole project.
Community involvement is needed to prevent a top-down,
outsider approach (75, 77, 78).

IM thus advocates collaboration between community mem-
bers and health professionals from the start of a project. Other
researchers have also reported this to be a positive factor that
helped in the development, adoption, and evaluation of an
intervention (79-82). According to some studies, it can be dif-
ficult for health promoters to include the concerns and issues of
the community because of the extra time needed for community
involvement, and the often top-down organization of intervention
development and top-down funding for these projects (78, 83).

When we started our research project, there was less emphases
on participatory planning than there is now in the most recent
version of the IM book (31, 35). Besides this, we also experienced
the abovementioned limitations (a lack of time and top-down
funding). When conducting our needs assessment, we performed
all of the research activities as if we were developing a social
support (and later on, a social network-based) intervention for
patients with suboptimal glycemic control, as stipulated in our
research grant proposal. This was the focus of the literature search,
the interviews, the analyses of previously conducted interviews,
and the diabetes forum. We did consult a panel of migrant health
workers with Turkish, Moroccan, and Surinamese backgrounds
multiple times. However, due to financial and time constraints,
we did this fairly late in the process (after our needs assessment
was completed) and asked for feedback only on topics related to
our chosen focus, the social network.

Other factors complicated community involvement as well.
We did not know the exact neighborhoods in which the interven-
tion would be implemented, and so where our participants would
live (which community to address). Also, we planned to aim the
intervention at a very specific target population (with suboptimal
glycemic control) and did not want to create false expectations
within a community.

In hindsight, we conclude that the intervention could have
been improved by investing more in participatory planning. If we
had involved the target population and their community from the
start and asked them (with no predetermined focus) what they
thought would be the best when it comes to management of their
diabetes, we might have come up with a different intervention,
one with closer connections between the lives of our participants
and the intervention (77, 83, 84).

In some of the interventions that report positively on com-
munity involvement, the researchers involved the community
before applying for funding. They chose the study design and
applied for funding together with the community or based
on the results gathered together with the community (79, 82).
However, as funding programs are often clustered around spe-
cific themes or have a predetermined focus (e.g., “preventing
overweight by influencing lifestyle factors” or “socioeconomic
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health disparities, prevention and reduction through integrated
local policies”) that provide a research direction, this might
complicate involving communities without a predetermined
vision (83, 85, 86).

In hindsight, it would have been better not to decide before-
hand what the nature of the intervention would be, but to decide
this based on an open needs assessment together with the target
population and their community. Funding organizations might
facilitate this community involvement by allowing for a longer
planning period, and by allowing great flexibility in the area of
focus and topics that will be investigated in one project (83, 87-89).
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Overweight and obesity in children and adolescents is seen as a global health challenge
and a priority for prevention (1). To solve such a health issue, we need full understand-
ing of the related health behaviors (and underlying beliefs), and understanding of the
biological mechanisms that cause or can prevent the issue. However, for overweight
and obesity, drawing a full picture of the exact problem (and the subsequent solution) is
difficult. In this paper, we describe how we used Intervention Mapping to develop a the-
ory and evidence-based prevention program targeting overweight and obesity and how
we investigated the 1-year efficacy of this program on body composition and physical
activity of adolescents. A helpful tool, theoretical, and methodological lessons learned
are given from our attempt to contribute to solving the obesity problem.

Keywords: overweight and obesity, children and adolescents, physical activity, motivation, body composition,
intervention mapping

INTRODUCTION

We (and our children) are becoming heavier, overweight and obesity are established risk factors
for chronic metabolic and cardiovascular diseases, and something has to be done to make people
healthier. In this paper, we describe how we used Intervention Mapping to develop a theory- and
evidence-based prevention program targeting overweight and obesity. We (1) developed a pre-
vention program targeting overweight and obesity, (2) performed a literature study and several
cross-sectional studies to investigate whether our proposed ideas were correct, and (3) investigated
the 1-year efficacy of incorporating strength exercises in gym classes, combined with monthly
motivational lessons to engage in physical activities after school, on body composition and physical
activity behavior of adolescents. The developed intervention targeted first-year students in prepara-
tory secondary vocational education (11-15 years of age). Teachers were the program implement-
ers. One part of the intervention involved a 30% increase of strength exercises across the physical
education (PE) lessons (about 15-20 min per lesson, or 3 h per week). The other part was based
on Motivational Interviewing (2) and was facilitated by a trained mentor or PE teacher. Once a
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month, a 1-h lesson was used to increase motivation to be more
physically active. The intervention period was between March
2015 and March 2016. Nine Dutch secondary schools were
randomized into an intervention condition (four schools) or a
standard curriculum control condition (five schools). Schools
were recruited via school management and 695 adolescents
participated. Measurements were taken before (T0) and directly
after (T1) intervention [for a full overview of the intervention,
see the open access design paper by Ten Hoor et al. (3)]. We
found that strength exercises during PE classes in high schools
improve body composition and probably promote physical activ-
ity. A helpful tool, we describe the development of our ideas, and
theoretical and methodological lessons learned are given from
our attempt to contribute to solving the obesity problem.

THE OBESITY PROBLEM—BIOLOGICAL
AND PSYCHOLOGICAL PERSPECTIVES

As being too heavy (or becoming too heavy) is a consequence of
an imbalance between energy intake (food intake), and energy
expenditure (physical activity, exercise, but also resting metabolic
rate, and the cost of ingestion/digestion), the common obesity-
prevention adage is to eat less (and healthier) and to exercise
more. However, to solve the obesity problem, it has repeatedly
been proven that rapid weight loss is a “relatively easy,” but often
incomplete and often only short-term solution.

By eating less, preferable short-term changes in body mass
adjusted for height (body mass index or BMI; used to determine
weight status) can be achieved in younger adults, but several
metabolic and hormonal mechanisms often cause a fast weight
regain. By quickly losing weight by caloric restriction, one’s
energy expenditure also adjusts to a lower energy intake making
long-term dieting a necessity for the maintenance of lost weight
(4). At the same time, adaptive hormonal responses influence
appetite and satiety (5). Another hypothesized cause of a fast
weight regain is the screaming fat cell hypothesis: by quickly los-
ing weight, the size but not the number of fat cells reduces. These
adipocytes get “stressed,” and try to compensate by an increased
uptake of glucose and fatty acids (6).

The other part of “eat less, exercise more,” i.e., being more
physically active, might seem easier to achieve, except that it is
not. Overweight youngsters can often not compete with normal
weight youngsters when it comes to aerobic exercises (7) and are
more vulnerable to injuries when engaging in aerobic exercises (8).
Additionally, because children or adolescents who are overweight
or obese often have less mastery experiences when engaging in
aerobic exercises, many psychological theories predict disad-
vantageous physical activity outcomes for those people. With
lower relatedness, competence, or autonomy when it comes to
physical activity, Self Determination Theory (9) suggests that the
motivation to be physically active is either absent (a-motivation),
or extrinsically focused. Extrinsic motivation often results
in potential short-term increases in physical activity, but not
long-term. Based on negative past-performances, the Reasoned
Action Approach (10) predicts lower physical activity attitudes,
perceived norms, or self-efficacy, resulting in lower intentions to

be physically active, and a decreased physical activity behavior.
As a result of inferior physical activity performance compared
with others, the Social Comparison Theory (11-13) suggests that
this lower performance on a specific dimension (in this case: the
physical activity dimension), will cause a shift in focus to other
behavioral dimensions where superior performances can foster
positive outcome expectations (e.g., being better in guitar play-
ing, or geography). In conclusion, losing weight by eating less
and being more physically active might be a short-term solution
to being overweight or obese, but is often not the solution to
overweight and obesity prevention and treatment, and its related
diseases on the long term.

Biology and Psychology Combined

One could question if the focus in obesity prevention should be on
weight or on health as overweight and obesity are seen as a threat
to an individual’s health. Impaired physical and psychological
health has furthermore been associated with direct [health care
(14)] and indirect (productivity or absenteeism) consequences
on a societal level (15). All these negative implications might
continue during and worsen throughout adulthood (16).

From a health perspective it is not weight but a healthier body
composition (i.e., an increase in fat-free mass and/or reduction
in fat mass percentage) that needs to be considered (17). Body
weight adjusted for height (BMI) is commonly used to deter-
mine whether an individual has a healthy or unhealthy weight.
Although BMI is a good and simple tool for risk estimates in
large populations, it is not the right tool for individual metabolic
and mental health evaluations (18) and might have stigmatizing
effects on one’s health in later life (19).

Overweight and obesity are seldom caused by the individual
only but also by environmental factors (20, 21): from people influ-
encing overweight and obesity at most proximal environmental
levels like the parents or peers (22, 23), to societal levels [see, e.g.,
Borys et al. (24) for an overview of the EPODE approach].

Related to all previous arguments, we advocate that weight loss
interventions should become health interventions. Focusing on
weight and weight loss might have stigmatizing effects, adversely
affecting an individual’s psychological well-being (25, 26). Health
care settings, including weight loss interventions are (uninten-
tionally) a significant source of weight stigma. It is often believed
that weight stigma triggers weight loss, but there is no evidence to
confirm this belief (26). By focusing on health instead of weight,
weight stigma might be reduced.

A NEW INTERDISCIPLINARY APPROACH

In our program, we assumed that there should be a focus on
improving body composition for all youth, rather than only
focusing on increasing leanness among those with overweight.
Additionally, we suggested extra focus on mastery experiences
within the field of physical activity, and optimal social comparison
conditions. In other words, the aim was to focus on what people
want to do to become healthier (or maintain health) instead of
what they have to do.

In the proposed approach, the focus was on strength exer-
cises in high schools to improve body composition in 12- to
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15-year-old adolescents. From a physiological perspective, it is
known that youngsters who are overweight or obese are generally
stronger in absolute terms, i.e., they do not only have a higher
fat mass but also a higher fat-free mass (27). Therefore, they are
often better in strength-related exercises compared with aerobic
exercises and they are often better in strength exercises compared
with their normal weight peers, making them—under the right
circumstances—more motivated to engage in resistance exercise
and ultimately maintain a physically active lifestyle. Additionally,
strength exercises can improve body composition. A higher fat-
free mass will result in an increase in basal metabolic rate and
total energy expenditure [see also Ref. (3, 28)]. In addition, a
lower fat mass percentage improves several cardiovascular risk
factors.

The intervention was executed in high schools. To reduce
stigma, and to optimally use social comparison, the focus was
not on weight or adolescents with overweight or obesity, but on
health, and on all youngsters. The PE teachers integrated at least
15 min of strength exercises in their PE lessons (three times per
week). This proportion was based on the feasibility of integrating
strength exercises into the standard curriculum. To motivate
students to be more physically active after school, and to improve
the determinants of their physical activity behavior, we included
a motivational intervention once per month [see also our design
paper by Ten Hoor et al. (3); open access]. These motivational les-
sons were based on motivational interviewing (2) and facilitated
by a trained mentor or PE teacher. In the first 5 months, an extra
monthly online motivational lesson was given. Together with
the feelings of competence and relatedness students experience
during the PE lessons, the complete program, therefore, aimed to
improve the three basic psychological needs required for autono-
mous motivation according to Self-Determination Theory (29).

MAIN EMPIRICAL FINDINGS

This program did not immediately start with the execution of this
intervention. In considering strength exercises in health behavior
change interventions targeting overweight and obesity, we fol-
lowed the iterative steps of the Intervention Mapping protocol
(21, 30). We systematically mapped what is known about the
differential psychological consequences of strength vs. aerobic
exercises. In a systematic literature research and meta-analysis
(31), we found that strength exercises may have positive effects
on a number of psychological outcomes in people who are over-
weight or obese. These effects, however, seemed often comparable
to those of aerobic and diet interventions. The small and hetero-
geneous evidence base implied an urgent need for more research.

In a related—additional—cross-sectional study (ten Hoor,
Plasqui, et al., submitted)’, we tested our chain of assumptions.
This was in a different population, but provided some relevant
data to inform the intervention with adolescents. We confirmed
that overweight people have a higher fat-free mass compared with
lean people. This was in line with biological insights. Additionally,
we have shown that people with a higher fat-free mass are stronger

'Ten Hoor GA, Plasqui G, Schols AMW], Kok G. A benefit of being heavier is
being strong.

(in absolute sense) compared with those with lower fat-free mass,
and are better in strength exercises than they are in aerobic exer-
cises. We have also confirmed that mastery experiences (in this
case, resulting from successfully engaging in strength exercises as
opposed to aerobic exercises) improve psychological outcomes.
Finally, we have shown that overweight people enjoy strength
exercises more than normal weight people, mediated by fat-free
mass and muscle strength. This series of studies demonstrated the
chain of relationships empirically.

Parents have a crucial role in their child’s physical activity-
related behavior. We therefore examined parental attitudes about
physical activity behavior in general and aerobic and strength
exercises in particular (28). Although strength exercises evidently
have both physiological and psychological health benefits across
all ages, they are erroneously considered to adversely affect health
status in youngsters. We found that parents consistently reported
a positive attitude toward aerobic exercises, but a less positive,
neutral attitude regarding strength exercises. Parents indicated
more often that their child was not allowed to participate in
strength exercises than in aerobic exercises and considered
strength exercises to interfere with optimal physical develop-
ment. We suggested testing interventions to increase parents’
understanding of the advantages of and possibilities (e.g., facili-
ties) for strength training and the benefits of strength exercises
on their child’s health.

In a cluster randomized controlled trial (ten Hoor, Rutten,
et al., submitted)?, we examined the efficacy of a physical activity
program combining strength exercises and motivational aspects
in the school setting. We chose this setting to avoid parental
influence on the strength exercise component. Within the school
setting, and by not only focusing on adolescents with overweight
or obesity but on all adolescents, social comparison was optimally
used and negative stigma was minimized. With the strength
exercise focus, we aimed to improve body composition (by
improving fat-free mass), and mastery experiences of adolescents
with overweight or obesity. The motivational aspects focused
on improvements in physical activity motivations and physical
activity behavior in daily life. After 1 year, this study resulted
in favorable changes in body composition and physical activity
behavior in the intervention group compared with a standard
curriculum control group. All adolescents became less physically
active after 1 year, which is seen often in youth (32, 33). However,
the PA level in the intervention group decreased significantly less
as compared with the control group. Our results also indicate that
the use of strength training at school alongside a motivational
intervention can induce a change in activity levels, also outside PE
classes. Several meta-analyses have shown that any improvement
in PA behavior may have large beneficial effects (34). Based on
our findings in this last study, and earlier performed studies, we
concluded that strength exercises might be a valuable contribu-
tion to a child’s physical activity possibilities (e.g., facilities) and
behavior.

*Ten Hoor GA, Rutten GM, Van Breukelen GJP, Kok G, Ruiter RAC, Meijer K, et al.
Strength exercises during physical education classes in secondary schools improve
body composition: a cluster randomized controlled trial.
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THEORETICAL CONSIDERATIONS

In search for an obesity prevention program, many decisions were
made. The development of our intervention was based on the
Intervention Mapping protocol (21, 30). With this, we described
the iterative path from problem identification to problem solving,
or mitigation. The six steps of Intervention Mapping comprise
several tasks, each of which integrates theory and evidence.
The completion of the tasks within a step created a product that
guides the subsequent step. The completion of all of the steps
served as a blueprint for designing, implementing and evaluating
our intervention based on theoretical, empirical and practical
information.

An Interdisciplinary and a Socio-
Ecological Approach

Interdisciplinary research, as stated by The Young Academy
(35), is often seen as nothing more than a “multidisciplinary”
combination of disciplinary perspectives. True interdiscipli-
narity goes a step beyond this; a crucial step. Interdisciplinary
research characteristically involves a change in scholarly
identity. This can be defined as “the interplay between the
questions that researchers pose, the methods that they use,
and the outcome measures that they employ” [(35), p. 7]. The
authors state that “a change in scholarly identity can have
both beneficial and adverse effects” and they have identified
a number of major problems: the disciplinary focus of most
funding bodies; the enormous time investment required to
familiarize themselves with insights from outside their own
discipline; cultural differences between disciplines; and fric-
tion with an academic infrastructure that is organized largely
into disciplines, especially with regard to educational matters.
There are good reasons to remove or at least minimize these
obstacles. “Interdisciplinary research makes a major contri-
bution to scientific innovation, leads to greater breadth and
depth in individual disciplines, generates cross-disciplinary
knowledge, and often plays a vital role in analyzing the major
challenges facing society” [(35), p. 7].

In this project, we managed to avoid most of the problems
as mentioned above and to profit from the beneficial effects of
true interdisciplinarity. The primary investigator was trained as
a biologist and psychologist and was able to integrate state of the
art knowledge from both disciplines. The coinvestigators con-
tributed from biological, human movement, physiological, child
health care, social psychological, and health promotion sciences,
without serious frictions. One binding factor was the societal
relevance of challenges we faced (from different perspectives)
related to obesity in youth.

Next to an interdisciplinary approach, we applied a socio-
ecological approach. Socio-ecological models suggest that inter-
vention development should include (or at least consider) all
possible stakeholders: not only at the individual level but also at
environmental levels (21): interpersonal, organizational, com-
munity, and policy levels. Including parents into the program was
considered (interpersonal level), but this was not directly neces-
sary. However, future research and interventions are needed (see

also Section “Future Research and Implementation”). Although
parents are less positive about strength exercises compared with
aerobic exercises, and although they play an important role in
a child’s physical activity behavior, it was decided to initially
work with high schools and PE teachers (organizational level) for
three reasons: first, social comparison is part of typical classroom
settings and therefore unavoidable in the school setting (36).
Second, PE teachers are aware of the benefits of strength training,
are able to teach, or emphasize, the right techniques, and are able
to provide qualified supervision. The methods used to further
prepare the PE teachers for the intervention are facilitation and
participatory problem solving [see Bartholomew Eldredge et al.
(21), pp. 378 and 391]. The teachers are instructed about the
program, participate in workshops to improve their motivational
speaking skills, and are provided with materials to make them
able to include strength exercises in their lessons. Furthermore,
the PE teachers received a book with strength exercises and
games as inspirational material. This inspirational material was
not only based on literature, but also on ideas from experts in
the field, and from the PE teachers themselves Third, when ado-
lescents participate in strength exercises in high school and have
positive experiences, they could discuss this with their parents,
possibly curving their parents’ attitudes into a more positive
direction. For the future, developments at the organizational and
policy level will become relevant, such as training of PE teachers
as well as activities initiated at the city level to promote exercise
behavior in children and adolescents (see Future Research and
Implementation).

Social Comparison Theory

We developed a program for adolescents with overweight or
obesity, but involved non-overweight peers for social comparison
purposes (interpersonal level; note that the non-overweight peers
also benefitted from the program.) We did not suggest promoting
“outperforming others,” but promoting “mutual appreciation,”
both related to social comparison theory and self-determination
theory. Outperforming others might relate to more controlled
types of motivation, while a positive comparison with others for
youngsters who are used to only experiencing negative compari-
sons might result in more autonomous motivations. The relation
between social comparison and self-determination is an under-
investigated area. Some authors [e.g., Ref. (37)] have suggested
that stimulating social comparison may have detrimental effects
on autonomous motivation. However, O’Keefe et al. (36) suggest
that social comparison is part of typical classroom settings and
therefore unavoidable. Moreover, Senko et al. (38) argued that
normative-based performance goals often facilitate classroom
achievement. Standage et al. (39) found that perceptions of com-
petence and relatedness are more predictive of self-determined
motivation than autonomy, but also that normative feedback that
is repeatedly negative will lead to a-motivation. We think that,
next to promoting autonomy [e.g., by giving youngsters choices
(29)], positive social experiences of overweight youngsters with
resistance exercises may increase their perceptions of compe-
tence, their self-worth, and in time, their intrinsic motivation for
exercise. In the present intervention, having youngsters compete
as teams in multicomponent exercises might have encouraged
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interpersonal appreciation of various skills (e.g., speed vs.
strength). However, the relation between social comparison
theory and self-determination theory has rarely been studied
empirically (40).

The Theory of Expanded, Extended and

Enhanced Opportunities (TEO)

Recently, Beets et al. (41) argued that the focus of physical activity
interventions always should be on (1) expansion of opportunities
to be physically active, (2) extension of available opportunities
to be physically active, and/or (3) enhancement of the physical
activity possibilities and/or opportunities (e.g., facilities). This
TEO succeeds in making physical activity behavior more under-
standable and adds to the bigger picture of understanding obesity
and obesity-related behaviors. In our program, we have added the
idea of “Enriched Opportunities” of currently available physical
activities: we replaced good physical activities by better ones (for
people with overweight or obesity). This has been done, prior to
expanding, extending, or enhancing the current physical activity
opportunities.

METHODOLOGICAL CONSIDERATIONS

When schematizing our thoughts to solve the obesity problem,
there is no straight line between the box “problem” and the box
“solution” Moreover, in each step of the iterative process from
“problem” to “solution,” decisions were made, influencing subse-
quent steps in the process, or sometimes even impacting the entire
direction (see our example below where we shift from the obesity
clinic to a setting where social comparison played a larger role).

Study Populations

In our cross-sectional study (ten Hoor et al., resubmitted), link-
ing the biological outcomes with the psychological outcomes,
only young adults (18-30 years of age) were included, even
though the main focus in the program was on young adolescents
aged 12-15 years. This study was in a different population, but
provided some relevant data to inform the intervention with
adolescents. The measurements during this study were mostly
gold standard measurements (VO, max test for aerobic capacity;
underwater weighing for body composition; 1-Repetition-Max
tests to measure maximal muscle strength), but also considered
as being of high intensity, too invasive, difficult or not validated,
or even health threatening for youth during growth (42).
Less-reliable measuring instruments could have been used in
young adolescents (as opposed to young adults). However, as
we assumed that the mechanisms would have been the same in
youngsters vs. young adults (combined with ethical considera-
tions and easier accessibility), we chose to examine the relation-
ships between the biological and psychological outcomes in
young adults, with gold standard outcomes.

Initially, the idea of adding strength exercises to an adoles-
cent’s physical activity was focused on people with overweight
or obesity only. Therefore, we first focused on performing our
experimental studies in a clinical setting. During the process,
and while the program ideas evolved, it was decided to shift our
focus from the obesity clinic to a setting where social comparison

played a larger role (see also theoretical considerations). Because
of this shift, we were not able to perform a classic randomized
controlled trial at the individual level, but were forced to cluster
in groups of participants. With a = 0.05, power = 0.90, and an
assumed small-to-medium effect size (d = 0.35), 172 participants
per group were needed for a classical RCT. However, in view
of the clustering of students within schools and randomized
assignment of schools (cluster randomized trial) a sample size
of 600 was aimed at to adjust for the design effect arising from
clustering (43). The sample size was further increased to 700 to
accommodate 15% dropout (although all available data from all
participants would be included into the analysis). Although our
sample size was quite large, our study was underpowered both
due to the larger than expected dropout or missingness and due
to the clustered data structure (students nested within schools,
randomization of schools; see also measurement issues).

Due to this shift to schools, and our adjusted aims, we did
not focus only on adolescents with overweight or obesity but on
all adolescents (all adolescents would benefit from the program
if effective, including adolescents with a higher BMI). However,
in this approach we were able to take baseline BMI into account
as a covariate during our analyses to examine differential
effects of the intervention due to weight differences. To recruit
a population with a slightly higher BMI, we recruited mostly
at schools with Lower Vocational Education. These schools are
often characterized by adolescents from lower SES households
and having a higher BMI. There is a possibility that the baseline
characteristics and intervention effects are different when meas-
ured in other populations.

Measurement Issues

The shift from a clinical setting to high schools also caused a shift
in the methods that were used for our evaluative measurements.
Although gold standard techniques were preferred, these were
often too expensive, or difficult to execute in larger populations.
It was important to be able to measure both body composition
and physical activity behavior (our primary outcomes), but also
strength, aerobic capacity, and psychological determinants in
large groups of 12- to 15-year-old adolescents in the school set-
ting. All measurements were chosen by considering burden to
the participants as well as validity and reliability.

Body Composition Considerations

Although there are many techniques to measure body composi-
tion [e.g., DXA, hydrostatic weighing, air-displacement plethys-
mography, deuterium dilution, and multicompartment models,
see also (44, 45)], many of those techniques are costly, time-
consuming, and logistically challenging to use in large groups of
children and adolescents (45, 46). As with all techniques, these
also rest on assumptions by which raw data are converted to final
values (47) by use of hydration factors [e.g., Ref. (48), or fixed
densities of fat- and lean mass (49)].

We used both the skinfold measures and the deuterium dilution
technique. Skinfolds are a simple, safe, non-invasive, and widely
used technique to measure body composition in larger groups of
children and adolescents (46, 47). Originally, skinfold measures
were used to estimate body density [using body density regression
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equations derived from gold standard techniques, see, e.g., Ref.
(49, 50)], after which Siri’s (51) equation was used to calculate fat-
and fat-free mass. However, equations are population specific,
and during maturation, the relation between skinfold thickness
and one’s subcutaneous adipose tissue distribution strongly
depends on biological age (52-54). Measuring body composition
by skinfolds is an indirect method. The measurement might suf-
fer from additional errors while collecting the data. Wells and
Fewtrell (47) described that intra- and interobserver error are low
compared with between-subject variability, but higher in obese
youngsters. The overall error further increases when (a) the col-
lected skinfold values are converted to body density or (in this
case) total body water, and (b) these data are converted to fat- and
fat-free mass using hydration factors [see, e.g., Ref. (48)], or fixed
densities of fat- and lean mass (49).

The more sophisticated method that we used is deuterium dilu-
tion (44, 55). We asked students to hand in a baseline urine sam-
ple, after which they drank 75 mL of deuterium-enriched water,
increasing the deuterium body concentration with 100-150 ppm.
At the end of the school day (a minimum of 4.5 h later), a second
urine sample was collected. To calculate total body water, the two
urine samples (baseline and enriched) are analyzed using isotope
ratio mass spectrometry. From total body water, fat-free mass
was calculated using age-specific hydration fractions of fat-free
mass (48). Compared with underwater weighing (which is still
considered a gold standard measurement), deuterium dilution is
a reliable method to assess fat mass percentage in normal weight
and obese subjects (56), showing the same changes in fat-free
mass over time (57). The technique is not often applied in large
studies as it requires specific expertise and equipment and is hence
relatively expensive. However, this technique was most suitable in
our study as it is accurate, non-invasive, requires minimal subject
cooperation, and can be applied outside laboratory settings (47).

Strength Measurement Considerations

The most frequently used method to measure strength is the
handgrip dynamometer because of its cost-effectiveness, simplic-
ity, and portability (58). However, movement patterns performed
during the execution of the handgrip test are not comparable to
movement patterns of larger muscle groups, or performed in daily
life or exercise training programs (59). To partly overcome this
limitation, we evaluated the back-leg—chest (BLC) dynamometer
as an effective, simple, and portable way to test total body strength
[a simplified explanation: we asked students to stand on the
base of the BLC dynamometer with flexed knees (ca. 30°) and
asked them to lift a handle that was connected to the base with
a continuous vertical motion by extending the knees, hips, and
lower back—for a full explanation, see Ref. (60)]. The apparatus
induced execution of static contractions, which are required less
often in daily life compared with dynamic contractions. The BLC
dynamometer provided reasonably reliable test-retest measure-
ments of BLC strength in healthy adolescents and adults and was
therefore considered as useful additional tool in our study (3).

Physical Activity in Daily Life Considerations
For physical activity in daily life, the Actigraph GT3X accelerom-
eter (Actigraph, Pensacola, FL, USA) was used. The Actigraph

GT3x triaxial accelerometer is a small device and measures
acceleration in three directions (vertical, antero-posterior,
and mediolateral). The Actigraph was chosen as it is the most
validated triaxial accelerometer that is currently commercially
available [see, for many references, Plasqui and Westerterp (61)].
Also, activity patterns can be determined as child-specific cut-off
points for low-, moderate-, and high-intensity physical activity
are available. Although this was a relatively simple measurement
with a low burden to participants, compliance was lower than
expected: some students forgot to wear the accelerometer (espe-
cially during weekend days), and some complained that they did
not like to wear the elastic band with the device because it did not
match their choice of clothing, it hurt their back or was irritating
in another way.

Questionnaire Considerations

To keep the length of the included questionnaire relatively short,
it was chosen to include questions relating to the Reasoned Action
Approach, Self Determination Theory, and Social Comparison.
Although it would have been interesting to include other clinical
outcome measures (e.g., quality of life, self-esteem, mood, stress),
this would have increased the length of the questionnaire sub-
stantially, and with that the burden on the participants.

Aerobic Capacity Considerations

To measure aerobic capacity, the shuttle-run test was used. For this
test, students ran back and forth over a distance of 18 m (officially
the distance for a shuttle-run test is 20 m, but because not all schools
have a 20-m gym court, this test was taken over 18 m—therefore,
comparisons within this study are valid, but the results cannot be
compared with other studies). The running speed was determined
by the interval between two sound signals (“beeps”). Every minute,
the speed increased by shortening the interval between two beeps.
When a student fails to reach the 18-m line at the sound signal
two times in a row, the test stops for this individual. The shuttle-
run test has a moderate-to-high validity for estimating maximum
aerobic capacity and can easily be executed in larger groups (62).
Submaximal and maximal tests using treadmill, or cycle ergom-
eter, or tests where heart rate monitors were required were seen as
unreachable in classroom setting. Compared with the Cooper test
(where students are asked to run for 12 min and where the distance
was used as proxy for aerobic capacity), the shuttle-run test was
less likely to be influenced by weather conditions.

Missingness Because of the Intensive

Measurements

Although both of our main outcomes (body composition and
physical activity behavior) measuring techniques (deuterium
dilution and accelerometry) are accurate, and acceptable in all
age groups, the method is relatively expensive and thus not often
applied in larger studies. A limitation was that, due to the nature of
these measurements (i.e., two small urine samples are required),
many students decided to not participate in this measurement
(either at TO, T1, or both), causing missingness. While all avail-
able data were included into the analysis using a method that is
valid under so-called missingness at random (MAR, missingness
depends on observed variables such as age or pretest if posttest is
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missing), we cannot rule out bias arising from missingness not at
random (MNAR, missingness depends on unobserved variables
such as posttest if posttest is missing). Unfortunately, MNAR can-
not be detected or adjusted for. At best, complex methods can be
used to explore the robustness of results against various patterns
of MNAR missingness (63).

FUTURE RESEARCH AND
IMPLEMENTATION

We have processed evaluation data on secondary physiological
and psychological outcomes, and are collecting data on teachers’
experiences with our program. In addition, and for a long-term
effective strength-based physical activity program, there are still
several questions that need to be answered.

Future Research

Psychological Behavioral Determinants

From our systematic review and meta-analysis, we concluded
that strength exercises are a viable alternative to or addition to
diet and/or aerobic interventions when it comes to improving
psychological outcomes, but more research is necessary. In the
literature, studies reported only on a limited range of psychologi-
cal outcomes. The reported psychological outcomes were mostly
clinical outcomes or markers of quality of life. Measuring self-
determination concepts as psychological constructs might give
additional information about the effects of exercise training to
be considered alongside that obtained from current clinical and
quality of life measures.

Feedback and Body Composition

We also suggested giving feedback on body composition instead
of weight loss to improve psychological outcomes. Pescud et al.
(64) reported that feedback on body composition is useful as a
“surrogate” for feedback on weight loss, which motivated par-
ticipants to continue participating in strength training exercises.
Gaining strength, and ultimately obtaining a healthier body
composition, might lead to a higher resting metabolic rate,
increased total energy expenditure, and a decreased chronic
diseases risk (17). Thus, when participants in a strength training
program become stronger, this could also lead to (long term)
positive changes in body composition and health. However, these
positive effects are often not reflected in reported short-term
psychological outcomes of strength training as compared with
other interventions. Related to this, two more recommendations
for future research arise. First, as described under theoretical
considerations, the relation between social comparison theory
and self-determination theory has rarely been studied empiri-
cally (40) and needs to be further investigated. Second, valid and
reliable methods to measure body composition should become
more accessible to the public.

Parental Attitudes and Influence

In the study examining parental attitudes regarding strength
training, we concluded that future interventions should increase
parents’ understanding of the advantages and possibilities
(e.g., facilities) of strength training on their child’s health and
that strength training can be fun. Without parental support, it

will be more difficult for (overweight) youngsters to engage in
resistance exercises (65).

Tailoring

Further research is required on how possible program charac-
teristics (e.g., intensities, quantities, form of exercise, feedback
mechanisms) can be tailored to the individual (e.g., for the same
exercise, an overweight adolescent lifts a heavier weight than a
lean adolescent) or group level [e.g., girls may prefer different
resistance exercises than boys (66)].

Replication

Lastly, future randomized controlled trials should replicate our
findings and evaluate the immediate and long-term effectiveness
of our approach. This can be done in high schools, but also in other
settings and age groups (e.g., primary schools, clinical setting).

Implementation

Once an intervention has been created, a solid diffusion and
implementation process is vital to ensure program success (21).
Without implementation, the intervention will not have any
chance of impact on determinants, behaviors, or health. The
basic idea of our approach is simple and easily implementable.
For future implementation infrastructures at schools (including
the playgrounds) can be optimized, not only in high schools, but
also in primary schools.

For the future, developments at the organizational and policy
level will become relevant, such as training of PE teachers as well
as activities initiated at the city level to promote exercise behavior
in children and adolescents. PE teachers can be informed and
educated about the background of the strength exercises, with
guidelines and suggestions for practice. A work book with exer-
cises is freely available but it was noticed that teachers themselves
can easily come up with new ideas about strength exercises in
the lessons the moment they understand the principle and find
out that the students react positively, especially the students with
overweight [see the additional file of our open access design
paper by Ten Hoor et al. (3)].

Outside the school setting, different sports in which pure
physical strength and/or body mass are beneficial (e.g., rugby,
judo) could be systematically promoted as an alternative for
youngsters with overweight. Fitness centers provide strength
training possibilities but they are often not accessible for young-
sters. In the future, schools may collaborate with fitness centers to
create optimal circumstances, or schools themselves may provide
fitness equipment for their students.

CONCLUSION

We developed, implemented, and evaluated an interdisciplinary
theory- and evidence-based program that positively influenced
body composition and physical activity. This might not be a direct
solution to combat obesity, but it might help in the long term
with the prevention of obesity-related health issues. We suggest
adding strength exercises to children’s and youngsters’ physical
activity possibilities: as long as strength exercises are performed
under qualified supervision, they might have positive long-term
health benefits.
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Return to work (RTW) is an important step for breast cancer survivors (BCSs). However,
they face many barriers that affect particularly women with low socioeconomic status
(SES). Health care, workplace, and insurance actors lack knowledge and collaborate
poorly. No intervention to date has proven effective to reduce social disparities in
employment after breast cancer. The intervention mapping (IM) protocol is being used
in France to develop, implement, and evaluate an intervention to facilitate and sustain
RTW after breast cancer [FAciliter et Soutenir le retour au TRAvail apres un Cancer
du Sein (FASTRACS) project]. The research question of this study was to elicit the
needs for RTW after breast cancer from various stakeholders’ point of view. The aim
of this study was to describe the process and the preliminary results of the needs
assessment of the FASTRACS project. Different methods were followed to (a) establish
and work with a planning group and (b) conduct a needs assessment to create a logic
model of the problem. A planning group was organized to gather the stakeholders with
the research team. A review of the literature and indicators was conducted to identify
the magnitude of the problem and the factors influencing RTW. A qualitative inquiry
was conducted with 12 focus groups and 48 individual semi-structured interviews
to explore the needs and experience of the stakeholders. The results of these tasks
were the proposition of a charter of partnership to structure the participative process,
a review of the scientific evidence and indicators, and the description by the stake-
holders of their needs and experience. Many stakeholders disagreed with the concept
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of “early intervention.” They advocated for a better support of BCSs during their RTW,
emphasized as a process. Anticipation, intersectoral collaboration, and workplace
accommodation were mentioned to fit the needs of the BCS and their environment.
A logic model of the problem was elaborated from these data. The ability of the model
to consider specific characteristics of women with low SES is discussed, with a view
to developing the FASTRACS intervention through the next steps of the IM protocol.

Keywords: intervention mapping, breast cancer, needs assessment, return to work, work rehabilitation, program
development, participative research, social health disparities

INTRODUCTION

Breast cancer is the most common cancer in women worldwide
(1), representing about 12% of all new cancer cases and 25% of
all cancers in women. In France, an estimated 53,000 new cases
were diagnosed in 2015 (2). Prognosis is good, with a standard-
ized survival rate of 87% at 5 years from diagnosis and an esti-
mated partial 5-year prevalence of 219,756 cases (2). Returning
to work after a cancer is paramount, enhancing quality of life and
financial independence and decreasing social costs (3). As the
legal retirement age is to be postponed in many industrialized
countries, the issue of return to work (RTW) after breast cancer
is likely to affect a growing number of women worldwide.

The job status of French patients 2 years after the diagnosis
of cancer is poor, with a decrease in the activity rate from 88.2
to 79.9% between 2010 and 2012 (4). In the Netherlands, the
proportion of employed women who fully resumed working
after breast cancer within 1 year of diagnosis has decreased,
particularly in women over 50 years (from 59% in 2002 to 46% in
2008) (5). In the UK, a higher RTW rate (84%) was observed in
the first year following treatment for breast cancer of health-care
workers (6). A meta-analysis of 26 international studies from the
US, Europe, and other countries showed that the unemployment
rate is higher after breast cancer than after other cancers (35.6
vs 31.7%) (7). Even for women who succeeded in returning to
work, a number of them still experience negative feelings while
at work (8).

In the US, specific needs have been identified for certain
categories of patients according to their race or income (9, 10),
revealing social disparities in work resumption after breast
cancer. In France, low-skilled women are more likely to lose
their job 2 years later if they do not have job accommodation,
whereas women with a management position are more likely
to lose their job if they perceive a feeling of discrimination (4).
In Denmark, a low socioeconomic status (SES) was identified as
a risk factor for unemployment after breast cancer (11).

Although a fair amount of descriptive knowledge is avail-
able, intervention studies aimed at improving RTW after breast
cancer have failed to prove their effectiveness (3). Despite the
evidence of social disparities in employment after breast cancer,
no intervention took into account their possible mechanisms
which complexity needs clarification before proposing appro-
priate interventions (12, 13). A number of factors associated
with a low social position are likely to act as causal and/or
mediating factors of unemployment after breast cancer (heavy
physical workload, low job latitude, temporary work contract,

non-take-up of social rights, etc.). This might partially explain
the failure of these interventions, which has also been attributed
to the lack of conceptualization and the overmedicalization of a
complex intersectoral issue (14). A recent review of 16 interven-
tions addressing RTW after breast cancer showed that only one
intervention referred to a theory linked to RTW (15). More
than 80% of the interventions were provided by health-care
professionals, and only 38% of the interventions were work-
directed and offered other activities, such as coordination of
services and information, as well as instructions for drawing
up an RTW plan (15).

Furthermore, the implementation and routinization (sus-
tainability) of interventions aimed at reducing social disparities
usually fail to take into account the cultural and social specificities
of the population they consider (16). In the field of complex
interventions, it is therefore recommended to ensure a proper
vision of the problem (theory of the problem) and of its solution
(theory of action), not only from a scientific evidence-based
point of view but also from the experience-based point of view
of the actors in the field (target population and its environment)
(17). The same has proven to be true in the specific field of
work disability prevention, where it is recommended to base
interventions upon explicit theories, in order to figure out their
effective components with their relevant outcomes (14). It is
also recommended to anticipate from the beginning the issues
of implementation and sustainability, by involving the relevant
categories of stakeholders (18, 19).

The intervention mapping (IM) protocol has been used for
15 years in different countries to develop, implement, and evalu-
ate interventions in the field of health promotion (20, 21). It has
been specifically used in cancer (22-24) and RTW (22, 25, 26).
It develops a participative approach involving all the relevant
stakeholders. It resorts to the theoretical frameworks in human
and social sciences and requires a critical appraisal of the sci-
entific literature (so-called evidence). Last but not least, the IM
protocol relies on a global vision of the determinants of health,
adopting an ecological perspective on the individuals within the
different levels of their environment (interpersonal, organization,
community, society, etc.) (16). In this respect, the IM protocol is
acknowledged as an appropriate process to develop population-
level health interventions likely to shift the distribution of health
risk by addressing the underlying social, economic, and environ-
mental conditions (27).

In view of its ability to help researchers face both theoretical
and implementation issues in program development, the IM
protocol was chosen in France by a research team in the frame
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of the FAciliter et Soutenir le retour au TRAvail aprés un Cancer
du Sein (FASTRACS) project. The overall aims of the FASTRACS
project are to develop, implement, and evaluate an intervention
intended to facilitate and sustain RTW after breast cancer at a
regional scale.

The aim of this study was to describe the process and the
preliminary results of the needs assessment of the FASTRACS
project during the first step of the IM protocol.

MATERIALS AND METHODS

Study Setting

The FASTRACS project is led by a multidisciplinary research team
associating a skill mix in psychology (health psychology, social
psychology, and work psychology) and medicine (occupational
medicine, general medicine, oncology, and public health) from
the University of Lyon, in the Auvergne-Rhone-Alpes region of
France. The scale of the project is to develop, implement, and test
a pilot intervention at the county scale of “Metropole de Lyon”
(59 cities with 1,280,000 inhabitants distributed over 538 km?).
The strategic perspective at 5 years is to scale up and adapt the
intervention in other counties of the same region if it is proven
to be effective.

Needs Assessment Tasks and Methods
According to the IM protocol (21), the learning objectives and
tasks of the first step of the protocol are (a) to establish and work
with a planning group; (b) to conduct a needs assessment to create
a logic model of the problem; (c) to describe the context for the
intervention, including the population, setting, and community;
and (d) to state program goals. The present study will focus on
the two first tasks.

Planning Group

Members of the research team liaised with key stakeholders,
defined as field actors or members of institutions involved in
RTW after cancer on a regular basis, knowledgeable, influen-
tial, and eager to commit themselves in a working group on
a sustainable basis. First, a theoretical sampling was followed
according to the arena model in work disability prevention
(28), from which four categories of stakeholders were identi-
fied: patients and associations, health-care professionals and
facilities, workplaces, and regional institutions representing
the government, the social insurance system, and organizations
involved in work disability prevention and handicap. Second,
a purposeful and snowball sampling was followed from the
personal network of the researchers to select the members of
the planning group.

Two meetings were organized with the research team and
the 25 members of the planning group. The first meeting was
the occasion to present each other, to give an overview of the
FASTRACS project and the IM protocol, and to establish the
basis of a charter of partnership. During small group discus-
sions, participants were asked to answer the following three
questions: (a) What are the most important values to me
(asanindividual and/or for my institution)?”; (b) “What do I need

(as an individual and/or for my institution) in order to collabo-
rate in the FASTRACS project?”; and (c) “What commitment(s)
can I take in the FASTRACS project (as an individual and/or
for my institution)?” The participants produced written answers
which content fed the discussion during the meeting. Their
qualitative content analysis performed afterward structured
the draft for the charter of partnership. A second meeting was
organized 1 year later to share preliminary results of the data
analysis of the needs assessment qualitative inquiry (see below).

Needs Assessment: Literature Reviews

A first literature review was performed up to June 2013 and
regularly updated. Its aims were to gather the evidence from
empirical studies about the occupational prognosis, the effective-
ness of RT'W interventions, and the lived experience of RTW of
BCS. A sensitive search strategy was adopted to explore Medline,
Healthstar, and Web of Science databases with the search string:
[breast cancer AND (work OR employ$)].ti. In order to be
included, the studies had to fulfill the following criteria: (a) deal
with any aspect of RTW and job retention, (b) after breast cancer,
and (c) provide information about the occupational prognosis
(cohort studies), the lived experience reported by the patients
or other stakeholders (qualitative studies) or interventions
developed to help them RTW (intervention studies). Discussion
papers and studies exploring (occupational) risk factors of breast
cancer were excluded. Surveys were considered on an individual
basis depending on their interest for the research topic. A prior-
ity was given to literature reviews before considering original
studies. Another systematic literature review was performed to
identify and describe the content of the interventions developed
with the IM protocol in the field of cancer (29).

Needs Assessment: Review of Indicators

Indicators were searched in the scientific and the gray literature
to document the extent and the scope of RTW issues after breast
cancer in France (incidence of breast cancer, occupational
consequences, comorbidities, etc.). Indicators in the scientific
literature were identified from the literature review. The gray
literature was identified from 10 different websites of the
French national cancer institute (Institut National du Cancer),
French cancer patient associations (Ligue contre le cancer and
Europa Donna), and databases and websites of the Ministry
of Health (Score-santé database, etc). From these websites, six
reports were selected with relevant indicators.

Needs Assessment: Qualitative Inquiry

A qualitative inquiry was conducted among the four categories
of stakeholders (patients, health care, workplaces, and institu-
tions) aimed at exploring in-depth and in context their perceived
needs and field experience. The data collection proceeded by 12
focus groups (FGs) and 48 individual semi-structured inter-
views, according to interview guides. The guides’ themes were
based on the findings of the literature review and the clinical
experience of the researchers. Some themes were common to
each category of stakeholders to allow comparisons, and some
other themes were specific to the stakeholder’s category to
explore its specificities. The participants were identified through
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the personal network of the researchers and the members of
the planning group who helped access both field actors and
members from institutions. The sampling method was the same
as the one used to select the members of the planning group.
Respondent characteristics are described in Table 1. Themes
and location of the interviews and FGs are presented in Table
S1 in Supplementary Material.

Data Analysis and Integration

The indicators retrieved from the scientific and the gray literature
were categorized with an Excel™ spreadsheet. According to the
IM protocol, indicators were sorted in the following categories:
quality of life, health, and (occupational) environment.

For the qualitative inquiry, all interviews and FG meetings
were recorded, transcribed, and anonymized (names of places
and persons replaced by codes). The MAXQDA™ v11 and v12
software was used to conduct thematic qualitative content analy-
sis. The analysis was performed by the researchers who conducted
the interviews and FGs and the students they supervised. They
were performed by different researchers investigating each stake-
holder’s category, i.e., the breast cancer patients (Marion Lamort-
Bouché, Jean-Baptiste Fassier, Philippe Sarnin, and Guillaume
Broc), the workplace actors (Philippe Sarnin and Sabrina
Rouat), the health-care practitioners (Marion Lamort-Bouché,
Jean-Baptiste Fassier, and Guillaume Broc), and members from
institutions (Jean-Baptiste Fassier).

In a first step, the themes of the interview and FG guides were
used as coding categories with a deductive perspective. In a sec-
ond step, new categories were created to analyze the data which
did not fit in the initial coding tree and to refine the analysis of
the data in an inductive perspective.

TABLE 1 | Respondent characteristics and data collection mode.

Ethics

The needs assessment of the FASTRACS project received an
ethical approval from the Comité de Protection des Personnes
Sud-Est II (IRB no 00009118). All members of the planning
group and participants to the qualitative needs inquiry received
an information letter and signed a consent form.

RESULTS

Planning Group

The first task resulted in establishing a planning group repre-
senting the wide diversity of stakeholders involved in RTW of
employees with cancer (Table 2).

Regarding the charter of partnership, the qualitative content
analysis of the written report of the first meeting of the planning
group allowed identifying common themes (values, needs, and
commitments) shared by the different stakeholders and by the
research team members. The detailed process and results of the
charter of partnership will be published. A comparative table of
the values, needs, and commitments of the different stakehold-
ers is provided in Table S2 in Supplementary Material. Shared
values were expressed in terms of “respect” (mutual trust,
non-judgmental attitude, and confidentiality) both within the
research project and toward future participating patients, “soli-
darity” (brotherhood, equity, and attention to social disparities),
“employment” (sustained employment, healthy jobs, and work as
a determinant of health), “scientific rigor”, and “patient-centered
program development”. Shared needs were expressed in terms
of “communication” (need for a clear and open communication
from the research team) and “partnership” (mutual acknowledg-
ment, equity, and shared decisions). Shared commitments were
expressed in terms of “personal commitment” (personal network
and experience), “communication” (about the project), and
“time” (participate on a sustainable basis).

Stakeholder’s  Respondent Data collection . .
category characteristics mode Needs Assessment: Literature Reviews
) The first literature search in 2013 yielded 569 references from
'::::;g::t‘;f Interviews vhich 295 duplicates were removed. The remaining 274 records
were screened and 213 were excluded on the basis of their title
Breast cancer patients or abstract. Studies considered initially comprised cohort
Women participating in a 3(22) 10 (n = 16) or register-based studies (n = 4), qualitative studies
zgﬁlfajixg:ttyhzgggam (15 original studies and 2 literature reviews), intervention stud-
- - ies (4 original studies and 3 literature reviews), and 17 surveys.
Workplace actors (7 workplaces; § private/2 public sector; This initial search was updated on a continuous basis with
and 1 small, 3 me,g::rr:éra;a?i:nlt:riﬂ:;i,z;vzgmpames) 8 automatic alerts. The final evidence base comprised a number
in their workplace of original studies included in systematic reviews of cohort
Human resource directors 5 studies reporting on the occupational prognosis after breast
Eggne managers 4 cancer (30-32), reviews of qualitative studies reporting on the
gues ° lived experience of breast cancer patients (33-35), and reviews
Health-care professionals of intervention studies aiming at RTW after breast cancer
Generg! prgohhoners 3(19 (3 15 36—38).
Rehabilitation teams 3 (21) >
Oncologists 20
Institutions Factors Affecting RTW Rate and Time
Social workers 2(12) 5 According to cohort studies, factors affecting RT'W rate and time
Insurance physicians 14 1 are disease-related (prognosis, treatment, and symptoms), work-
Total 12 (78) 48 related (physical and psychological demands, social support at
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TABLE 2 | Composition of the planning group.

Stakeholder’s
category

Affiliation Number of

participants

Patients and associations
Europa Donna (breast 2
cancer patients association)

Ligue contre le cancer 1

(cancer patients association)

Juris Santé (association 1

promoting the rights of patients)

Individual patient 1
Workplaces

Food retailer, private employer, 1

and 6,000 supermarkets in France

Public university hospitals of Lyon, 1
public employer, and 23,000 workers

Pharmaceutical industry, private 1
employer, and 250 workers

Insurance company, private 1
employer, and 24 workers

Ventilation, heating, and cooling, 1
private employer; and 1,400 workers

Health-care professionals and organizations
General practitioner (private practice)

Occupational physician (private employers)
Medical oncologist (public hospital)
Radiation oncologist (private hospital)
Rehabilitation medicine (public hospital)

- 4 a4 a4

Nurse manager (public hospital)

Institutions
Regional cancer agency 1
(Cancéropole CLARA)
Metropole de Lyon (County 1
health administration)
Health insurance (regional agency, 1
CARSAT) — insurance physician
Health insurance (regional agency, 1
CARSAT) — social worker
Health insurance (regional agency, 1
CARSAT) — prevention engineer
Regional health agency (Agence 2
régionale de santé)
Regional work administration (DIRECTTE) — 1
occupational medicine inspectorate
Local agency for job retention 1
of handicapped workers

Total 25

work), and social and demographic (age, education, and income
level) (9, 39-42). Disease-related factors are fatigue, cognitive
impairment, hot flushes, lymphedema, and psychological distress
(41, 42). The influence of chemotherapy on sick leave duration is
paramount (43).

Social Support at Work

Social support at work from colleagues and/or employer is
likely to ease RTW and job retention (44-46). In Finland,
women were shown to require more social support, mainly from

occupational health services, than men after cancer (47). Lack of
social support and discrimination in the workplace are barriers
to RTW and job retention (34, 45, 48, 49). However, it is hard to
disentangle women’s functional limitations after breast cancer
from their feelings of discrimination at the workplace (50).
Feelings of discrimination are mentioned in terms of undesired
changes to the job, reallocation or reassignment, job stagnation,
or deskilling (34, 50). A French study showed that women back
at work after breast cancer perceived a lack of support from col-
leagues or employer (17 and 22%) and suffered from a feeling of
being shunted aside (11%) (8). Discrimination at work increases
job cessation by 10% in women after cancer, taking all forms
together (50).

Work Adaptation

Beyond social support, work adaptation has a positive influence
on RTW (51). However, a French survey showed that for 25%
of cancer survivors their job was not being adapted (tasks and/
or schedule) as desired (52). Despite the good RTW rate 3 years
after breast cancer in France (82%), a study showed that 8% of
women who returned to their previous job after breast cancer
considered it inappropriate to their cancer-related symptoms,
while 4% of those who had changed jobs within the same firm
considered their new job inappropriate (8). A qualitative case
study in France revealed great disparities in occupational adap-
tation after cancer, depending on the company’s or the patient’s
strategies, with frequent underutilization of legal procedures
intended to ease RTW and job adaptation for disabled persons
(52). These results cast some doubt on stakeholders’ awareness
or willingness regarding disability prevention and legislation.
On the other hand, they underline the importance of exploring
cancer survivors’ personal strategies for returning to work or not
(34, 49, 53).

Information from Health-care Professionals

The paucity of appropriate information from health-care profes-
sionals about work resumption after breast cancer is mentioned
in many qualitative studies as an obstacle to RTW (34, 45,
46, 48, 49). Health-care professionals act as if women should
decide by themselves how and when to RTW, whereas women
are in fact eager for counseling from them. Occupational health
services could act as a resource on these issues (47), but occupa-
tional physicians (OPs) should provide better coordination and
continuity of care in this respect (54).

Lack of Coordination
Lack of coordination between stakeholders is clearly mentioned
in qualitative studies as an obstacle to RT'W and job retention
after disabling conditions (55-57) such as cancer (58). It was
demonstrated, in Belgium, that different stakeholders followed
different rules and objectives, with poor communication (58). In
the UK, communication was identified as a key factor in easing
RTW after cancer and even more in increasing job retention after
return (59).

According to the synthesis of this evidence, RTW after breast
cancer appears clearly as an intersectoral issue at the crossroads
of the individual system of the patients, the health care, the
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workplace, and the insurance system. Furthermore, the RTW
process and the work-life balance during and after the cancer
journey can be thought of in a person-environment perspective,
where different levels of the environment must be taken into
account (interpersonal, organizational, and broader levels). Last
but not least, social disparities in RT'W and work retention after
breast cancer were identified depending on the age, race, and
education of the breast cancer patients. All these factors must
carefully be taken into account when defining the logic model of
the problem and the logic model of change of the intervention.

Needs Assessment: Review of Indicators
As compared to the literature review, the indicators from data
of the gray literature give a national and local estimation of the
burden in the French context.

Magnitude of the Problem

The number of employed women who had a breast cancer in the
Auvergne-Rhone-Alpes region amounted to 1,500 women (aged
25-54 years) and 2,000 (aged 25-59 years) in 2014 (60, 61). At the
county scale of the Metropole de Lyon, the number of employed
women possibly concerned by RTW issues after a diagnosis of
breast cancer in 2014 was around 430 (women aged 25-54 years)
and 565 (women aged 25-59 years).

Job Status

A proportion of 74.7% of breast cancer women who had a job
at the time of their diagnosis remained employed 2 years later
(62). The mean duration of sick leave for employed women after
a breast cancer was 9 months. The mean duration from diagnosis
to job loss after a breast cancer was 9 months (62).

Impact of Cancer in the Workplace

(Cancer Survivors)

After cancer, women felt more penalized in their job than their
male counterparts (13 vs 7.5%). Overall, 18% of cancer patients
declared being stigmatized by their employer after their cancer,
with a reduction of their responsibilities (43% of the persons feel-
ing discriminated), of acquired advantages (32%), with career/
salary stagnation (24%), downgrading (21%) or unsolicited hour
accommodations (12%), or mutation (8%). At the time of return-
ing to work after cancer, 47% of the workers declared difficulties
associated with fatigue and side effects of treatments, 26% with
cognitive limitations (attention and memory), and 6% due to
their medical follow-up.

Impact of Cancer in the Workplace

(Colleagues and Employers)

As regards the colleagues, 43% declared that the absence of a
worker due to the cancer disturbed the workplace organiza-
tion and 35% their own work organization. As regards the
employers, 47% hired a temporary replacement worker until
the return of their ill worker and 39% distributed the work-
load to the colleagues. Three employers out of four declared
direct costs associated with the absence of a worker after
cancer (63).

Job Retention Measures

All cancers considered, one worker out of three declared the
absence of any support measure from the workplace during his/
her cancer treatments, and one out of four declared the imposi-
tion of a less interesting job. No indicator could be identified
about the proportion of patients benefiting from a pre-RT'W visit
with their OP. A great majority of employers (95%) agreed with
partial sick leave to facilitate RT'W after cancer, but only 49% were
aware of the possibility for a worker to benefit from the status of
handicapped worker after cancer.

Social Disparities in the French Context

Lower educated women had a higher risk of job loss 2 years
after a diagnosis of cancer if their job was not accommodated
(62). All cancers considered, the risk of job loss was increased
by 21.6% for workers with a lower level of education and by
6.9% for workers in small businesses (62). The proportion of
patients who did not disclose their cancer in the workplace was
higher for lower educated workers (24%) and workers in small
businesses (40%) as compared to all cancer patients (17%) (63).

Needs Assessment: Qualitative Inquiry

The qualitative inquiry produced rich and varied results with a
number of themes mentioned by the respondents, which will be
published separately to allow a full description and discussion.
The most salient results are summarized below.

Women Surviving Breast Cancer: Wanting

a Better Work-Life Balance

Women with and after breast cancer had different motivations
to RT'W. These were related to financial issues, identity, social
relationships, perceived utility in society, and the meaning of life.
All the women had revised their personal priorities after cancer
and wanted a better work-life balance. The possible timing of an
intervention to help breast cancer patients resume work was care-
fully analyzed. The end of active treatments (chemotherapy and
radiotherapy) was not mentioned by the participating women as
an ideal timeframe. Rather, it was described as a golden period
to take time for themselves before considering returning to work.

No, no, I want to be cool... and I don’t want to work
full time any more. There is a time for everything. Enjoy
life... When you could stay alive. (Breast cancer patient
in a physical activity program)

The same period at the end of active treatments was paradoxi-
cally mentioned on several occasions as difficult for the women
by health-care professionals.

As long as you are ill, there is a programme, your life
doesn’t belong to you anymore. And one fine day, the
doctor tells you: “It’s over, it’s all good. Thank you. Good
bye (...)” There is feeling of abandon that is extremely
important. (Psychologist, in a rehabilitation center)
When they arrive here, they feel incapable of doing
anything, they need help (...). They have been good
little soldiers; they have done everything they were
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asked to do. And then they are told: “Here you are,
it’s over, you need to go on.” And there they don’t have
strength anymore. (Physiotherapist, in a rehabilitation
center)

Early RTW was never mentioned as a desirable outcome.
Conversely, some women reported they had resumed work too
early and not satisfactorily due to persisting problems and the
constraints of their medical follow-up. Other women mentioned
that participating in a physical exercise program after their radia-
tion therapy delayed their RT'W, but increased the awareness of
their limits, decreased their unrealistic expectations, and possibly
led them to resume work in better conditions with greater chances
of sustainability. Many women expressed feelings of anxiety
provoked by the perspective of returning to work.

For me, it is not that cancer is marginal, but the big
thing, that’s it, it's work, the problem at work. (Breast
cancer patient, in a rehabilitation center)

Important variations could be identified in the women’s
intention to RTW, which were analyzed according to the stages
of change model (64). Some women were not considering return-
ing to work (pre-contemplative stage), while some others were
weighting (contemplative) or preparing (action) this perspective.
Some women had resumed work (maintenance) or had a new
period of sick leave (relapse). To sum up, it was not possible to
identify a consensus on the appropriate timing of an intervention
after breast cancer, due to the variation between women and the
fluctuation of their intention to resume work according to differ-
ent stages of change.

Workplace Actors: a Three-Phase Process

Three important phases could be identified from the workplace
perspective. During the sick leave, the absence of the worker
had to be compensated, either by hiring another worker or by
increasing the workload of the colleagues. The links between
breast cancer women and their workplace during active treat-
ments varied from a complete interruption to women keeping
in touch regularly. Very few women continued working during
their treatments. At the time of the first RTW, all the workplace
respondents agreed on the lack of preparation between actors
[breast cancer survivor (BCS), physicians, and employer],
while coordination was deemed necessary. It was emphasized
that both colleagues and management needed information
and training to support a woman returning to work after
cancer. Possibilities of the workplaces depended on their
size and awareness. After the RT'W, persisting problems were
mentioned for the BCSs (fatigue, cognitive impairments), the
colleagues (work overload, lack of support, and job termina-
tion of the replacement worker) and the management (dealing
with confidentiality).

Health-care Professionals: Wondering

How They Can Contribute to RTW

Oncologists had different levels of commitment toward the
work issues of their patients. All declared having insufficient

knowledge about work. They did not know how to help their
patients when they expressed their concerns about resum-
ing work. Oncologists mostly emphasized the importance
of individual characteristics of the women (motivation and
temper) in returning to work. They systematically underre-
ported potential barriers such as depression, anxiety, cognitive
limitations, and job requirements. They acknowledged the role
of general practitioners (GPs) and OPs but could not precise
in what respect. Oncologists from different medical special-
ties (medical oncologists, surgeons, and radiation therapists)
reported collaborating rarely with each other and with other
physicians (GPs and OPs). Female oncologists seemed more
aware of RTW issues and barriers of their patients than their
male counterparts.

When the chemotherapy is over, the radiation therapy
is over, the surgery is over, and so, when the person is
supposed to get back to a normal life, we consider that
the job is done. (Medical oncologist)

The issue of return to work? Very frankly, we don’t
discuss it, even with the social workers. (Medical
oncologist)

For rehabilitation teams, physical activity programs after the
radiation therapy were acknowledged as a period allowing the
women to recover from a physical, psychological, and social
point of view. RTW issues were rarely discussed during the
programs. They were not considered as a priority and were left
upon the women’ initiative. In agreement with patients’ views,
rehabilitation professionals emphasized that delaying the RTW
might lead to better results in terms of safety, quality of life, and
sustainability.

Most of the women want to take time for themselves
rather than returning to work. (Physiotherapist, reha-
bilitation center)

Still, they arrive at a time when everything is begin-
ning, whereas for everybody, everything is over. Because
itis then that something happens psychologically, when
an emotional discharge may happen. (Psychologist,
rehabilitation center)

General practitioners expressed that supporting their patients
in returning to work was part of their role, but reported lacking
of collaboration with social insurance physicians (SIPs) and OPs
in this respect. Geographic disparities were mentioned, with
patients having no access to occupational health services due to
OPs shortage.

SIPs and Social Workers: Legal Constraints

and Work Overload

Although all the SIPs felt concerned in helping women with
breast cancer to RTW, they reported some limitations about their
possibilities. Contrary to other medical conditions such as low
back pain, they mentioned lacking guidelines to appreciate the
risk of long-term work absence and disability after breast cancer.
They had limited possibilities to exchange information with their
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social department due to legal constraints related to medical
secrecy and privacy of personal data. However, some initiatives
were taken at the regional and local levels of the social insur-
ance agencies to better identify patients at risk of work disability,
regardless of their specific medical condition.

The social workers of the social department of the national
health insurance scheme (CNAMTS) had a clear mandate
from their institution in work disability prevention. However,
this mandate was only a little part of their other missions in
the field of social work such as housing, education, autonomy
of the elderly, etc. As a consequence, their possibilities in work
disability prevention could be limited by work overload and
lack of time. At hospital, social workers for the patients and
their families shared their experience in different words. They
reported difficulties to set standard criteria to identify socially
deprived women. Rather, they insisted on the uniqueness of
each situation and the need to consider the interactions of
many factors such as financial resources, geographic isola-
tion, social isolation, etc. Importantly, they expressed their
reluctance to share information with OPs, by fear of negative
consequences for the patients. As a consequence, they were
also cautious about their advices to the patients regarding
their OP.

Data Integration: Preliminary Logic
Model of the Problem

The results from the literature review, the search of indica-
tors and the qualitative field inquiry led to the proposition
of an overarching conceptual framework able to integrate
various determinants associated with RT'W after breast cancer
(Figure 1). At the individual level of the breast cancer patients,
the framework represents various dimensions (social and
medical factors, physical and mental health, behaviors and
their determinants, and stages of change) likely to influence the
RTW process and outcomes. At the level of the environment,
the factors likely to influence the process and outcomes are
sorted into dimensions corresponding to the main categories
of actors (workplace, health care, social security, and personal
systems), within the overall environment at a more distal level
(political, cultural, economic, etc.).

These factors at the personal and environmental levels are
likely to interact at different time points in the cancer journey of
breast cancer patients. The timeline is schematized by the main
events along the cancer journey (before cancer, diagnosis, active
treatments with surgery, chemotherapy and radiation therapy,
physical activity, and after cancer with the RTW process and
outcomes).

Age, marital Diagnosis (cancer stage)

status, education, Treatments (surgery, Symptoms Pain Fatique. Hot
Income, job chemotherapy, radiotherapy, ﬂl}'s?sso(ms) e
tenure hormone therapies, targeted _

() therapies, efc.) Function Joint limitations, (...)

Determinants of behaviors: Perceived barriers,
Self-efficacy, Perceived social norms

Expected risks/benefits, Work representations
Attitude, Motivation (...)

Symptoms Anxiety,
Depression, (....)

Function Cognitive limitations,
Coping strategies, (...)

Mental health

Stages of change: (Pre) contemplation
Preparation, Action, Maintenance

v

Personal factors

Person - Environment

:>l Before cancer ” Diagnosis |

Interactions

| Surgery ” Chemo H Radio ‘ ‘ Return to work H Stay at work ‘ Income
| Adapted physical activity ‘ ‘ Out of work ’ gi)all.“(‘...)

Environmental factors

T

Chemo: chemotherapy; radio: radiation therapy; QOL: quality of life

L !

l l

Workplace

- Job tasks, schedule and contract

- Social relations with colleagues and
management (support/ stigmatization)
- Size and economic sector

Healthcare system
- Cancer care organization/appointments

- Relations with the workplace

- Relations with physicians (eg shared decision)
- Relations between physicians(eg collaboration)

Social security system Partner, Caregiver

- Social rights and procedures Family, Friends

- Relations with social Local environment
insurance physicians and (physical, social and
case managers cultural)

OVERALL ENVIRONMENT
[ political, legal, economic, social, cultural (...) ]

FIGURE 1 | Logic model of the problem.
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DISCUSSION

The interest of this needs assessment study is to describe the
process and the results of the different steps (planning group,
literature review, review of indicators, and qualitative inquiry)
leading to a preliminary logic model of the problem of RTW after
breast cancer.

Summary of the Main Findings

Planning Group

The composition of the planning group represents faithfully the
intersectoral nature of the problem. Despite the importance of
the participative process in the IM protocol, only a few studies
using this protocol in the field of cancer (29) and in the field of
RTW (65) reported the association with a complete planning
group from the needs assessment phase. This shortcoming has
been discussed as a potential cause for the lack of relevance,
acceptability, and/or efficiency of the studies developed (29). The
elaboration of a charter to structure the partnership between the
research team and the planning group is another original result,
with no other example found in the literature on RT'W.

Needs Assessment: Literature Reviews

The integration of results from cohort, qualitative, and interven-
tion studies supported the formulation of an ecological view of
the problem of RTW after breast cancer, which consequences
are discussed below (preliminary logic model of the problem).
Although this result was reported in previous studies (66, 67),
it is worth mentioning since a majority of RTW interventions
have focused on the individual level of BCSs rather than on their
environment (15).

Needs Assessment: Review of Indicators

One main result of the review of indicators was to provide
national and regional data to evaluate the magnitude of the
problem. This is of particular importance in view to conduct the
step 5 (implementation) and 6 (evaluation) of the IM protocol
as regards the recruitment of the participants and the power
calculation of the effectiveness study.

Needs Assessment: Qualitative Inquiry

The main finding of the qualitative inquiry is that “early RTW”,
although largely advocated for in the field of musculoskeletal
disorders (28), was not supported by the data. This is in line
with previous studies outlining that women after breast cancer
consider different matters before RT'W, with mental preparation
colored by uncertainty and vulnerability (68). Similarly, the vari-
ations of women’s point of view about RTW in this study are con-
gruent with previous results showing that not all women change
their view on life due to breast cancer (49). To our knowledge, it
is the first time that the period following the active treatments
is explicitly identified by BCS as a “golden hour” to take time
for themselves, rather than to consider RTW. Paradoxically, the
same period was described by several respondents as a “gap in
the system” where women could be lost between the end of their
active treatments and their RTW. An important implication in
terms of RTW intervention is the necessity to adopt a tailored

and responsive approach so as to adapt the propositions to each
individual situation.

This finding supports the notion mentioned by many res-
pondents that RTW should be viewed as a process, rather than
a mere result. Once again, this echoes previous results that
insist on the social and dynamic nature of RTW, with many
interactions between the patient/worker and the actors of
their environment at different phases of their cancer journey
(58, 68). This result highlights the importance to adopt both a
time-contingent basis and an ecological approach when devel-
oping an RTW intervention for women after breast cancer.

Preliminary Logic Model of the Problem

The conceptual framework elaborated from the data is not
considered as the final version of the logic model of the
problem for two reasons. In its current version, it is rather
descriptive than explanatory, and hypothesis remains to be
formulated about the direction, magnitude, and interactions
of the many determinants on the process and outcomes of
RTW after breast cancer. Second, this framework built by the
researchers still needs to be discussed with the members of
the planning group to make sure that it represents accurately
their field experience.

This model presents the major interest to represent both an
ecological view of the problem and to integrate the temporal
dimension of the RTW process. As for the ecological view,
BCSs are considered in their environment composed of various
categories of stakeholders of the workplace, health care, insur-
ance, and personal systems. This representation is in line with
other “person-environment models” such as the arena model
of Loisel et al. (28) and the Organizing model of practice for
RTW in breast cancer developed by Desiron et al. after the
International Classification of Functioning (67). Such models
allow distinguishing more precisely different levels in the
environment (micro, meso, and macro levels), corresponding to
different determinants that may be targeted by an intervention
(individuals, organizations, and wider structures of the political,
legal, or economic context) (69).

As for the temporal dimension, the specificity of this model
is to distinguish three main phases of the cancer journey: the
phase of diagnosis, active treatments (surgery, chemotherapy,
and radiotherapy), and after. RTW is considered both as a
process and a possible outcome along this timeline, with the
possibility of alternating periods at work and out of work, and
eventually to stay at work or out of work in the long term. More
distal outcomes are considered in line with the job status such
as income (work-related), quality of life, health, or any other
outcome of interest for the stakeholders. In this respect, the
originality of this model is to avoid the risk of presenting RTW
as the only desirable outcome. There is indeed the risk in the
field of RTW research to reinforce a normative pressure toward
RTW representing the global interests of the social protection
system and the employers, whereas individuals may favor other
choices than RT'W and privilege a better work-life balance after
breast cancer (35).

Overall, this model satisfies with the recommendations to
(i) include psychosocial influences on individual’s cognitions and
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behavior (individual level) (ii) consider the relationship between
the stakeholders (proximal environment); (iii) acknowledge
the legal and political dimensions (wider environment); and
(iv) consider the temporal dimension of the RTW process (70).

Social Disparities

Several dimensions of the model include factors associated with
social disparities. The women’s position in the social hierarchy
pertains to their social characteristics (e.g., education and
income). Those factors are associated in the literature with other
factors included in the logic model. As to the medical dimension,
a lower SES is generally associated with a lower use of cancer
screening services (71, 72) and a higher mortality (73). As to
the determinants of behaviors, sociodemographic and economic
factors influence the risk of weight gain after cancer, which may
impact prognosis and risk of recurrence and of second cancer
(74). As to the workplace environment, persons with alower SES
have physically heavier jobs with lower levels of autonomy and
more temporary contracts (13, 75). As to the health-care system,
they have a poorer access to specialized and standardized care
(76). Social support is a key point to explain inequalities in wait-
ing times between the first imaging procedure and the first treat-
ment (77). There is qualitative evidence that socially deprived
young women face many barriers and have unequal access to
supportive care services after breast cancer (78). As to the social
protection system, persons with a lower SES are more frequently
concerned by non-take-up of their social rights, either by lack
of information, demand, or attribution (52). In their personal
environment, they usually have a lower social capital and are
more frequently isolated socially and/or geographically. Finally,
women with a lower SES are more likely to be on long-term sick
leave and to lose their job after a breast cancer (9). The integra-
tion of these factors in the logic model of the problem allows
formulating causal hypothesis about the possible mechanisms by
which social disparities in employment after breast cancer take
place. In the following steps of the IM protocol, this should allow
developing an intervention with a greater cultural relevance,
targeted to specific factors that contribute to social disparities.
As an example, the intervention might propose social counseling
to limit non-take-up of social rights, associated with a psycho-
logical approach to increase self-efficacy and/or a workplace
component to ease job accommodation.

Strengths and Limitations

The first strength of this study pertains to the criteria adopted
to ensure a genuine participative process between the research
team and the planning group. This is a key feature of the IM
protocol which importance is paramount to benefit from the field
experience of the stakeholders. The composition of the planning
group reflects the intersectoral nature of work disability preven-
tion theorized in the arena model (28). Another strong feature
of this study is the detailed description of the needs assessment
with different data sources. The integration of the results allowed
building an innovative logic model of the problem. Although
preliminary, this model brings together an ecological view and
a time-contingent specific perspective on the RTW process after
breast cancer. It is expected to lead to a better understanding of

the causal mechanisms of RT'W outcomes along the timeline and
to help develop an intervention that is culturally relevant to the
needs of the different stakeholders.

Some limitations of the study pertain to the sampling of the
respondents who participated in the qualitative inquiry. We can-
not exclude a selective participation since most participants were
found via personal connections of the researchers and snowball
sampling. A possible consequence might be the underrepre-
sentation of divergent point of views and the underestimation
of barriers. However, the triangulation with other data sources
(literature review and indicators) is likely to minimize this con-
sequence in the case of a participation bias. The inquiry among
institutions could not be done as expected due to bureaucratic
complexity and some refusals to conduct individual interviews
and FGs. This barrier could not be removed and the needs of the
institutional actors could not be explored in their own view as
it was the case for the other categories of actors. In this respect,
it was not possible to triangulate the patients’ point of views as
regards the complexity of the social protection system and their
difficulties to navigate the system (79). Also, despite important
efforts, we included only two socially deprived women with
breast cancer. This difficulty was considered as an important
barrier to anticipate regarding the development of the future
intervention and the way to reach lower educated persons.
A possible strategy to remedy this shortcoming could be to
spend more time in the field with associations and/or social
workers to gain their trust and reach socially deprived persons.

Recommendations for Future Research

It is recommended from this study to investigate possible strate-
gies to better involve socially deprived persons, and stakeholders
from institutions. It is recommended to develop a transdisci-
plinary theoretical perspective to expand the potential of the
preliminary logic model of the problem. It is recommended to
investigate the interest and limitations of a charter of partner-
ship to structure the collaboration between researchers and
stakeholders in work disability prevention. Finally, it is recom-
mended to investigate the relative advantage of rapid methods
of needs assessments to render this step less time-consuming.

Next Steps of the FASTRACS Project

Several steps need to be carried out to complete the tasks of
the needs assessment phase of the FASTRACS project. It is
planned to define and adopt formally a charter of partnership by
means of a Delphi consensus process associating the members
of the planning group and the research team. The first version
of the logic model of the problem proposed by the researchers
(Figure 1) needs to be discussed with the members of the plan-
ning group to make sure it represents faithfully their experience
of the problem. Last but not least, the objective of the interven-
tion needs to be defined before moving to the next step of the
IM protocol, that is, defining the logic model of change. It is
expected to complete the step 2 (logic model of change), step
3 (theoretical change methods and their applications), step 4
(program plan), and step 5 (implementation) by August 2018.
The evaluation step of the intervention is planned by means of a
randomized controlled trial.
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CONCLUSION

The IM protocol was used for the first time in France to develop
an RTW intervention after breast cancer. The needs assessment
tasks were carried out carefully and took longer than expected.
Although the process was time-consuming, its results form
a crucial basis for the intervention that will be developed. The
logic model of the problem integrates actors of the workplace
and health-care environment, contrary to previous interventions
which were ineffective. A special emphasis was put to structure
the participative planning group and its input to the FASTRACS
project in the long run. The next steps of the IM protocol will
be followed to develop, implement, and evaluate the FASTRACS
intervention.
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of an Effective Program Using
Intervention Mapping
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Infants whose parents and/or siblings have a history of asthma or allergy may profit from
receiving exclusive breastfeeding during the first 6 months of life. This is expected to
diminish the chance of developing childhood asthma and/or atopic disease. Ongoing
breastfeeding for 6 months seems challenging for many women. An educational pro-
gram was developed using Intervention Mapping as a logic model to guide development
and was found successful in improving breastfeeding rates at 6 months postpartum,
improving knowledge and beliefs about breastfeeding for 6 months, after exposure to
the program compared to controls. Intervention elements included an evidence- and
theory-based booklet addressed during pre- and postnatal home visits by trained
assistants. This paper elucidates the inner workings of the program by systematically
describing and illustrating the steps for intervention development.

Keywords: breastfeeding, educational program, asthma, Intervention Mapping, program theory

INTRODUCTION

Complex behavior change interventions need evidence regarding the effectiveness of individual
components to understand how these interventions work. The objective of this paper is to identify,
guided by the Intervention Mapping (IM) protocol, the effective elements of an existing educational
program, which were shown to be effective in increasing exclusive breastfeeding.

Exclusive breastfeeding during the first 6 months after birth is expected to diminish the chance of
developing childhood asthma and/or atopic disease (1, 2). This effect may be particularly apparent
in familial predisposed children (3, 4). Unfortunately, exclusive breastfeeding (entailing avoidance
of solid foods') appears to be a difficult behavior for women to perform and continue for 6 months.
Only 18% of Dutch women succeeded in doing so in 2010 (7). In recent years, many programs have
been developed to increase breastfeeding initiation and duration rates, employing diverse methods
and theories, with variable results (8). Our multifaceted, theory-informed breastfeeding program,
which combined two pre- and one postnatal home visits and a booklet, appeared to be effective

'Exclusive breastfeeding is defined according the WHO definition (5). Nutritional advice is subjected to changes in scientific
research outcomes. Currently, the postponement of solid foods is advised until 4-6 months after birth (6).
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Active Ingredients of an Effective Breastfeeding Program

in promoting exclusive breastfeeding for at least 6 months in
asthmatic families in 2005 (7). The intervention group, compared
to the control group, entailed a significantly higher proportion
of women that breastfed exclusively at 6 months, 48 versus 27%,
respectively, providing evidence that written and oral advice about
exclusive breastfeeding was effective in improving the exclusive
breastfeeding rates at 6 months in asthmatic families. Moreover,
significant improvements in knowledge and more positive beliefs
regarding ongoing breastfeeding for 6 months were revealed in
the intervention group compared with the controls, particularly
directly after contact with the program. As anticipated, perceived
self-efficacy and women’s positive emotions toward breastfeed-
ing increased and support for breastfeeding diminished in both
groups over time. The intervention group reported perceiving
more pressure to bottle feed and to be aware of more breastfeed-
ing models than the control group (9).

Like educational or health promotion programs for other
problems, it is difficult to know what parts of these programs
have contributed to effectiveness or ineffectiveness. Failure
to report adequately about the program theory, theory- and
evidence-informed behavior change techniques, and practical
delivery strategies hampers the growth of the science of health
promotion. A number of researchers have called for better report-
ing (10, 11). Program development and description guided by
IM (12) may help to explain what is “inside the black box” (13).
IM has not only been used to develop effective health promotion
programs but also to describe the intervention content (14, 15),
see Figure 1. IM distinguishes six planning steps, with each step
comprising several tasks.

In the first step, the planner puts together a planning group to
assess the health problem, the behavioral and environmental fac-
tors influencing the health problem, and determinants of behav-
ioral and environmental causes, which are then depicted in alogic
model of the health problem. Step 2 specifies program outcomes
and objectives in a logic model of change. In step 3, a coherent,
deliverable intervention is designed. Theory-based intervention
methods and practical applications to change (determinants of)
behavior are selected, and program themes, components, scope,
and sequence are generated. Step 4 comprises the actual produc-
tion of the program. In step 5, a program implementation plan
is generated. In step 6, a plan is generated for effect and process
evaluations. Activities for steps 5 and 6 start as early as possible
in the planning process. Although IM is presented as a sequence
of actions, the authors see the planning process as iterative rather
than chronological.

In this article, we use IM to describe the successive steps of
the program development, especially the theoretical change
methods and practical delivery applications used in our program
to promote breastfeeding.

METHODS
Setting and Priority Population

The intervention described in this report and its evaluation was a
sequel to a Dutch prospective birth cohort study called PREVASC
(16). In this cohort, families had been advised on a variety of
asthma control behaviors including breastfeeding to prevent

Step 1: Needs
Assessment - Logic
Model of the

Problem « State program goals

« Establish and work with a planning group
« Conduct a needs assessment to create a logic model of the problem
* Describe the context including the population, setting, and community

Step 2: Program
Outcomes and
Objectives — Logic
Model of Change

« State expected outcomes for behavior and environment

« Specify performance objectives for behavioral and environmental outcomes
* Select determinants of behavioral and environmental outcomes

« Construct matrices of change objectives

« Create a logic model of change

Evaluation Step 3: Program « Generate program themes, components, scope, and sequence
Design « Choose theory- and evidence-based change methods
« Select or design practical applications to deliver change methods
« Refine program structure and organization
Step 4: ?rogram « Prepare plans for program materials
Production « Draft messages, materials, and protocols
« Pretest, refine, and produce materials
« Identify potential program users (implementers, adopters, and maintainers)
Implementation Step 5: Progr'am « State outcomes and performance objectives for program use
Implementation . Lo
Plan « Construct matrices of change objectives for program use

« Design implementation interventions Implementation

« Write effect and process evaluation questions

Step 6: Evaluation
Plan

« Develop indicators and measures for assessment
« Specify the evaluation design
« Complete the evaluation plan

FIGURE 1 | Intervention mapping steps and tasks [adapted from Bartholomew et al. (12), p. 13].
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asthma (and allergies) in high-risk infants. The primary care pro-
gram further included hypoallergenic feeding as an alternative
to breastfeeding, postponement of solid food, the introduction
of house dust mite impermeable bed coverings, and smoking
cessation. Mothers were included when 3-7 months pregnant.
Adherence to the breastfeeding advice was low, a finding that
called for refinement of the breastfeeding intervention.

Intervention Development

Intervention mapping guided the identification of determinants
of breastfeeding (and postponement of solid foods), the formu-
lation of intervention objectives, the choice of methods and
practical applications for inducing a change in determinants and
feeding behaviors, and creation of ideas for program implemen-
tation and evaluation. In this article, the first four IM steps will
be illustrated in more detail.

1. Needs assessment: the logic model of the problem. Improvement
of breastfeeding adherence was the interest of this project.
Our needs assessment comprised two studies: a review of the
literature and a qualitative study (17). Both studies aimed at
increasing our understanding of the determinants both of
early discontinuation of breastfeeding and of maintaining
breastfeeding for 6 months. For the literature review, we
searched Psychlit and Medline for publications on breastfeed-
ing interventions and determinants of breastfeeding. The
qualitative study entailed seven focus group interviews to
explore the breastfeeding-related behaviors within 43 families
in which either one of the parents and/or one of the children
had physician-diagnosed asthma. Both successful and unsuc-
cessful families in breastfeeding for 6 months were randomly
selected from the Prevask study described above. There were
six mixed groups (36 participants, 36 mothers, and 14 fathers)
and one group consisted of solely fathers (7 participants), since
they may think differently about breastfeeding and postpone-
ment of solid food, thoughts which might be overlooked in the
presence of women.

Program outcomes and objectives: the logic model of change. We
developed the program plan by specifying who and what will
change as a result of the intervention. We combined perfor-
mance objectives for each target group (women and partners)
with chosen determinants to produce change objectives, the
most proximal focus of an intervention.

Program design. Based on the change objectives, we sought
theory-based methods and practical applications to change
the factors that influence the target behaviors. An interven-
tion method is a technique or procedure that is expected to
change one or more factors that influence a target behavior
of individuals, groups, or social structures while a practical
application concerns the way methods are delivered to fit the
context of the target population. We created a sketch of the
program elements, their purpose and arrangement, the final
program materials, and the program protocols.

Program production. All program components were pretested.
We did this by presenting the booklet to eight women, by means
of the plus-minus method. The plus-minus method involved
asking participants to read the booklet from beginning to

end and to indicate their positive and negative experiences
in the margin with pluses and minuses, respectively. Pluses
and minuses may be assigned to all sorts of text elements
(from chapters to words) and for various reasons (e.g.,
comprehensibility, acceptability, interest, the relevance of the
information). After that, we interviewed the participants to
elicit the reasons for every plus and minus. We followed the
interviews with a short semistructured questionnaire focus-
ing on the macrostructure and a general evaluation of the text
in the brochure (18).

Program implementation plan. This step includes program
adoption and implementation (including consideration of
program maintenance). We did not perform this step here
because the program was implemented as a part of a research
study by research personnel (efficacy study). Implementation
after the RCT will focus on professionals and organizations
specialized in pregnancy and/or breastfeeding, e.g., midwives
and gynecologists, who have personal contact with pregnant
women, which is important since preparation to breastfeed
during pregnancy is considered prerequisite. These potential
intermediaries will be approached to discuss their role in this
breastfeeding program. In this way, providing the interven-
tion materials to the target population and subsequent dialog
occurs during health provider contacts and best resembles the
RCT context.

Evaluation plan. The evaluation consisted of assessing the
impact of the program provided on behavior adherence,
exclusive breastfeeding for 6 months, using diaries as a source
for the behavioral outcome in survival analysis. Furthermore,
changes in related determinants of exclusive breastfeeding
were assessed by a determinant-questionnaire filled-out by
participants before and after the preventive program was
provided and was compared with determinants in the control
group. The analysis was performed to examine distal program
objectives (e.g., knowledge, attitude, social pressure/support,
self-efficacy, emotions). Process evaluation criteria were
formulated (e.g., barriers to recruitment, participant mainte-
nance in program and data collection, exposure to materials,
and extent of reading them).

RESULTING PROGRAM
Step 1: Logic Model of the Problem

The needs assessment focused on barriers and facilitators to pro-
viding exclusively breast milk to newborns the first 6 months after
birth. Thulier and Mercer (19) reviewed demographic biological
and social variables associated with breastfeeding duration.
Influential demographic factors that seemed beneficial for breast-
feeding were non-black race, relatively older age, being married,
higher educational level, higher social class, less exposure to
free samples, and (active) distribution of formula. Biological
variables supporting breastfeeding consisted of sufficient milk
supply (enabling late introduction of solid food), no infant health
problems (e.g., no preterm birth, no hospitalized infant), normal
(pre-pregnant) maternal BMI, absence of physical challenges of
breastfeeding (e.g., sore nipples, mastitis), maternal nonsmoking,
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multiparity/prior breastfeeding experience, and vaginal delivery.
Beneficial social variables entailed the return to paid work after
6 months, positive family support (e.g., from fathers), and skilled
professional support. Maternal knowledge, positive intention,
interest, and enough confidence in breastfeeding were relevant
psychological variables positively associated with breastfeeding.

The focus group interviews suggested that threats to the
continuation of breastfeeding vary by three time periods—the
prenatal preparatory phase, the postnatal initiation phase, and the
postnatal continuation phase. In the prenatal phase, a woman and
her partner may or may not have learned how to correctly breast-
feed their child. Some parents became breastfeeding “experts” in
solving breastfeeding problems that turned up during the initial
6 months after birth while others did not gain the knowledge and
skills to deal with problems that arose after the birth. Interviews
revealed that looking for solutions only happened when problems
had occurred, which often resulted in breastfeeding failure since
child feeding could not be postponed. Parents stated that they had
lacked the self-confidence to stand up to “discouraging advice”
from family and friends. Parents had to practically obtain a “fight-
ing spirit” to maintain breastfeeding for 6 months.

The next critical period started after delivery. Certain prob-
lems, such as difficulty helping the baby to latch-on, sore nipples,
and worries over whether the baby was feeding adequately,
undermined efforts to breastfeed. Parents, who learned about
breastfeeding prior to the birth and had been mentally exposed to
thinkable risk scenarios, were better prepared to cope with such
situations. In addition, parents talked about a strong perceived
social pressure/criticism against breastfeeding and the postpone-
ment of solid food. This was considered a risk situation one really
needed to be prepared for since this hindrance appeared rather
unexpected. For the women, it was very important that their
partners supported them.

The final precarious period was the return to work. Many
women reported they did not prepare very well for the tasks dur-
ing this period. For example, the mothers did not plan ahead with
arranging for a breast pump and a room at work to express milk.
Women who were not aware of these tasks and who did not know
of the law regarding expressing milk during work time seemed to
have been more vulnerable to quitting prematurely.

Step 2: Program Outcomes and
Objectives; Logic Model of Change

Based on the needs assessment, we formulated four main pro-
gram objectives regarding breastfeeding and postponement of
solids until 6 months: Women will 1. Give exclusive breastfeeding
for 6 months; 2. Postpone solid food for 6 months; 3. Recognize
social pressure and cope with it; and 4. Recognize risk situations
and cope with them. From these objectives, we developed per-
formance specifications. These overall objectives were split into
intermediate objectives such as acquiring information by reading
the booklet as a preparatory action before delivery. We then
combined these performance objectives with the determinants of
breastfeeding that were under control of the mother and partner,
and subject to change. Other, environmental factors, such as
social norms or social support may directly influence the desired

health behavior as well, but they are in this setting very difficult
to address. We addressed only one relevant external agent, the
newborn’s father; a key person in breastfeeding support.

As an alternative to making other external agents direct targets
of the program, we sought to address these environmental factors
through change objectives for the women. For example, the social
influence by grandmothers was dealt with through a change
objective for the women dealing with perceived social influence
and a change objective for the partner to support the mother
when she is confronted with opinions against breastfeeding.

The performance objectives are mentioned in Table 1 for the
mother and Table 2 for the partner combined with correspond-
ing determinants. The cells in the matrix were populated by
asking what needed to change in each performance objective for
the mother or partner to accomplish the performance objective.
These matrixes provided the map for developing intervention
strategies. After we defined change objectives, the next step
was to identify theoretical methods and practical applications
that could be expected, according to theoretical and empirical
evidence, to influence the change objectives from the matrices
in Step 2 (20).

Steps 3 and 4: Program Design

and Program Production

The eight women who pretested the brochure were multiparous
women. Two of them had no experience with breastfeeding,
three women breastfed an earlier child for 2-3 months, and three
women breastfed an earlier child for more than 6 months. The
results of the plus-minus method showed that the overall opinion
about the brochure was very positive. The women thought that
the brochure was interesting to read, attractive, and contained not
too much or too little information. The used language appeared to
be clear, and women appreciated examples and pictures. Despite
the overall positive comments, the women had several sugges-
tions to improve the brochure. Some women would like to have
more information in the brochure about expressing milk and
more focus on the social pressure of the environment. Other sug-
gestions were a different title of the brochure and more pictures.
We used information from these pretests to revise the program
materials prior to implementation.

We present Steps 3 and 4 together so that the reader can read-
ily understand the relations among theoretical behavior change
methods, how the methods were delivered to parents and what
specific topics and communication messages were conveyed.
Table 3 presents these elements and shows how the theoretical
methods match the types of change objectives they were intended
to influence.

To change the determinants in step 2 and enable the per-
formance objectives, we used a number of theoretical change
methods from different theories. For example, looking at the
first row of Table 3, we used “Modeling,” which is derived
from Bandura’s social cognitive theory (21). The key messages
the model expressed, tied to this theoretical method, were:
(1) you might encounter negative reactions in relation to post-
pone solid food for 6 months; (2) you can explain why you do it;
(3) if you stick to your own opinion, the discussion will diminish;
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TABLE 1 | Partial matrix of change objectives for women that exclusively breastfeed for 6 months (6 m-EBF).

Performance objectives
before delivery

The mother will

Knowledge

Skills and self-efficacy

Attitude

Perceived norm

Acquire information to
prepare for 6 m-EBF
from the booklet

Describe common misconceptions about 6 m-EBF  Express confidence

Describe the relevance of 6 m-EBF for children

predisposed to allergy or asthma

Describe why the duration of EBF should be
6 months

Describe why solid foods should be avoided
in the first 6 months

in giving 6 m-EBF
(technically)

Expect that 6 m-EBF

will decrease child’s risk

for asthma-allergies
Describe the
importance of
preparation for
exclusive 6 m-EBF

Talk about 6 m-EBF
intention with care
providers (e.g., midwives)

Describe the relevance of 6 m-EBF for children

predisposed to allergy or asthma

Decide before delivery to
6 m-EBF after delivery

Describe health-social advantages of 6 m-EBF
Describe benefits of EBF for mother and child
Describe anticipated difficult (physical, social, and

work) situations related to 6 m-EBF

Express confidence in
dealing with people not
in favor of 6 m-EBF

Expect that giving
6 m-EBF is hard but
achievable

Express favorable
attitude toward the
importance of 6 m-EBF
for mother and child
Expect that
environment can be
convinced about the
need to postpone solid
food

Expect that partner will
agree and support 6 m-EBF
Anticipate social criticism
about 6 m-EBF

Minimize unfavorable
opinions of others

Document questions to be
asked during the prenatal
home visit by project staff

Describe questions to be asked during the
prenatal home visit by project staff

Start and continue 6 m-EBF
after delivery (on demand)

Describe that EBF needs to be learned

Describe that an EBF-child has its own feeding

schedule

Describe the signals that child wants to be fed

Describe what to plan for to EBF at work

Describe what to do with physical complaints
of mother or child

Describe sources of help

Express confidence in the
ability to breastfeed

Be convinced that EBF
will be enough for a
child to grow on

Expect positive remarks/
support about 6 m-EBF
by partner

Minimize unfavorable
opinion of others

Counteract social criticism
toward 6 m-EBF

Express confidence in the
ability to recognize and
counteract social criticism

Expect that recognizing
social criticism as risk
situation helps to minimize

its impact on mother

Expect that other women who
BF and postpone solid food go
through the same experience

Buy or hire and use a
breast pump to express
breast milk

Describe where to buy or hire a breast pump

Describe how to use a pump to express
breast milk

State confidence that they
can express milk with a
breast pump

State positive feelings
toward expressing
breast milk

Transport, store, and
prepare breast milk safely

Describe how to safely transport, store,
and prepare expressed breast milk

Express confidence to
adequately transport,
store, and prepare
expressed milk

Monitor child development
(length and weight)

Describe how to use the growth curve for
EFB child

Describe that the growth curve of an EBF
child deviates from a bottle fed child

Express confidence in
assessing child’s progress
in length and weight

Rely on the growth curve for
EBF children when at infant
well center that uses general
population grow curves

Remind environment
to not give solid food
to a child

Express confidence that
she can refrain others to
give child solid food

Describe expectation that
partner will support refraining
others to give child solid food

Give solid food
after 6 m-EBF

Describe how to introduce solid foods
after 6 m-EBF
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TABLE 2 | Partial matrix of change objective for partners of women that provide exclusively breastfeeding for 6 months (6 m-EBF).

Performance objectives before Knowledge Skills and self-efficacy Outcome Attitude
delivery expectations
Partner will
Express appreciation to mother who Describe health and social advantages  Express confidence in supporting Expect that Express favorable
intends to 6 m-EBF of 6 m-EBF (and postponement of mother that gives 6 m-EBF (technically) 6 m-EBF will attitude toward
Acquire information to prepare for solid food) Express confidence in dealing with deF:reage the importgnce of
6 m-EBF (including the postponement  Describe anticipated difficult (physical  people not in favor of 6 m-EBF and/or ~ child’s risk breastfgedmg for mother
of solid food) and social) situations related to postponement of solid food for agthma— and child
6 m-EBF and postponement of solid allergies Express favorable
food attitude toward

Recognize the importance of
partner for successful 6 m-EBF and

the importance of
postponement of solid

postponement of solid food food
Performance objectives after delivery
Stand by mother who receives criticism Express confidence in dealing with
because of 6 m-EBF people not in favor of 6 m-EBF
Help to find solution for (physical) Express confidence in supporting
problems mother that gives 6 m-EBF (technically)
TABLE 3 | Examples of objectives and methods for changing determinants.
Determinant knowledge and unsupportive social norms
Change objective Methods Parameters Example
Performance objective  Information about others Positive and negative expectations are Application: experiential narrative in booklet
Recognize and (dis-) approval available in the environment Female model saying: “At one point | got to handle all kinds of
counteract social Resistance to social pressure Commitment to earlier intention, comments from others. “You cannot feed a child for 6 months
criticism toward Scenario-based risk psychological inoculation against pressure  ONly with breast milk!” | fognd it very annoying that | cgnstantly
6 m-EBF ) . . . S had to defend myself against all those people who think they
information: scenarios can Credible scenario with a cause and an .
Knowledge change provide information on effect; can be fictional or experiential know better. Even my family doctor started to tell me that |
objective experiential stories about a stories. Most effective when individuals actuglly should start with add'”?% fruit snacks at 4 months.
Describe anticipated potential future risk situation produce their own scenario or when several Luckily, I was not be put out by it. | kept explaining every

difficult (physical and  and/or how people have come  scenarios are offered

social) situations related 1o 3 solution (success frame) Recognition, recall, self-efficacy and skills,

to 6 m-EBF

behavior may be formed and model
is reinforced for the desired

Modeling: providing a fitting support of model; bonding, relatedness
model showing how beneficial ~ with the model, coping rather than mastery

time why | choose for 6 months exclusively breastfeeding for
my child. Most people still think it is abnormal what | do but,
eventually, they stopped this discussion. It amazed me that |
was considered being out of the ordinary because | opted for
6 months exclusively breastfeeding. | did not expect this.”

action.
Determinants knowledge and attitude

Objective Methods Parameters Application
Performance objective  Self-monitoring The monitoring must be of target behaviors ~ Mother is instructed in the text to monitor when she
Provide breast milk on  Encourage individuals to keep a related to objectives. Preferable an objective breastfeeds and how often per 24 h, to monitor weekly
demand record of particular behaviors standard should be used to assess target weight gain; to check volume and number of diapers and
Knowledge change Self-reevaluation behaviors. The collected data must be several other indicators to evaluate whether the child is
objective processed, evaluated, aid decision-making,  drinking (e.g., growing) enough
Know that an EBF-child action selection, and execution. The reward
has its own feeding must be reinforcing to the individual.
schedule Feedback
Attitude change
objective

Be convinced that EBF
will be enough for a
child to grow on

(4) people will not change their attitude most times; and (5) do
not be surprised, be prepared.

The key messages of the program were related to the
central theme that exclusive breastfeeding (including the

postponement of solid food) is the optimal and most normal/
natural nutrition for newborns, but that it is hard work,
and several barriers can make you quit before the intended
6 months. Therefore, preparation is needed. Presenting
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TABLE 4 | Content of breastfeeding booklet discussed during home visits and content of the home visit manual.

Main topics per period
discussed in the booklet

Main topics addressed during
home visits’ in manual

Introduction o

During pregnancy e Why “breast is best” for infant and mother

e Specific health benefits for families predisposed to asthma or allergy

¢ Breastfeeding duration
* Breastfeeding and the use of asthma medication

e The special role of the father as a coach for the mother
e What to do when no breastfeeding support is available in hospital

e Breastfeeding and Cesarean section

The first few weeks after .
delivery frequency of feeding

e Common breastfeeding myths

¢ How to check if the child receives enough breast milk.
* How to overcome sore and inverted nipples, breast engorgement and

mastitis
e Cow milk allergy and diet of the mother

e What to expect from health professionals regarding advice on

breastfeeding
e Breastfeeding in public
e Breastfeeding and anticonception
e Coping with response from others

A few months after delivery e \When to try the bottle with breast milk?
e What if your child refuses the bottle?
® Expressing milk, how does it work?
* How to restore expressed milk

Introducing four target group representatives (three women and one
man) who share their personal experiences in the booklet. Central theme:
breastfeeding is a challenge; social criticism is common, so be prepared!

How breastfeeding works: good breastfeeding positioning, infant latching,

e Checklist of issues to be addressed during the phone
call to make an appointment

* Protocol first home visit (3—-4 months of pregnancy): use
the checklist of materials needed, use the checklist of
topics to address, such as information on the study, on
asthma prevention (hand over two asthma booklets),
preventive measures to be taken to reduce house
dust mite, smoke exposure, and for those without
breastfeeding intention, information on hypo-allergic
formula. Focus on pros and cons of breastfeeding and
postponement of solid food, and breastfeeding intention

* Protocol second home visit (seventh month of
pregnancy): use the checklist of materials needed,
discuss preventive measures taken, repeat information
on pros and cons of breastfeeding and postponement
of solid food, and breastfeeding intention. Bring social
criticism to the attention

® Protocol third home visit (2-4 weeks postpartum): use
the checklist of materials needed, discuss preventive
measures taken, inquire after breastfeeding behavior,
repeat information on pros and cons of breastfeeding
and postponement of solid food, and breastfeeding
continuation. Inquire after experience with social
criticism, preparation for work and experience with
expressing milk/breast pumps

* Breastfeeding/expressing milk during work time and the law

e Alternatives to breastfeeding
* Introducing solids after 6 months
e Coping with response from others

Additional o
and further reading options

Phone numbers of lactation, organizations/consultants, useful websites,

messages like this should increase the likelihood that readers
process the content actively and stimulate an increase in their
knowledge about the subject (22). Since knowledge alone is
no guarantee for behavior change, it is important to provide
the reader with the required skills to perform the behavior
(21). Therefore, the booklet contained skill-based practical
pictures (pictures with step by step guidance on how to latch a
baby to the breast) alternated with the information on breast-
feeding. Furthermore, we chose to combine written informa-
tion with interpersonal communication. In our efficacy trial,
the research staff created an opportunity for a dialog about
breastfeeding and postponement of solid foods during the
home visits (Table 4). For the broader implementation, the
program is intended to be used in primary care, for instance,
by midwives who see pregnant women frequently before and
also sometime after birth. The home visitor and parents-to-be
went through the written information together during the first
home visit. Between the first and second visit, the women and
their partner had the opportunity to read the brochure them-
selves and ask questions during the second visit. Moreover, the
goal to create more equal partners in the conversation about
breastfeeding (empowerment) could be addressed by this
strategy. The interpersonal contact between the home visitor

and parents was also aimed to review the information that had
been read by the couples and to check understanding, clarify,
repeat, and reinforce key messages (23).

Furthermore, risk awareness messages (your child might be
predisposed to asthma) underlined the child’s vulnerability to
the threat (22), but at the same time, we presented an effective
solution that women were able to perform (increase self-efficacy)
breastfeeding exclusively for 6 months. This combination of
awareness messages aimed at increasing threat perception and
efficacy information is more likely to stimulate people to uptake
the desired health behavior (24, 25). In our attitude strategy,
we explicitly paid attention to existing beliefs for women with
previous brief breastfeeding experience, since these women are
at risk of not continuing for longer periods. For this group, we
acknowledged that it was difficult to breastfeed, but being bet-
ter prepared this time, they could do it. We included persuasive
messages to accomplish positive breastfeeding attitudinal beliefs
in first-time mothers. The models in the booklet were chosen
for several reasons, but mainly to ensure that women identified
with them. The four role models (selected by women of the target
group for identification) illustrated the information and provided
real-life experiences related to adherence to breastfeeding. These
experiences were inspired by focus group stories. The goal was
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for the models to stimulate positive attitudinal beliefs, increase
feelings of self-efficacy, but also to provide warning stories to
prepare families for the social pressure they can expect and
examples of coping responses (21). Another important step was
to pretest the program in members of the target population before
actual implementation of the intervention. The eight women who
pretested the booklet were multiparous. Two of them had no
experience with breastfeeding, three women breastfed an earlier
child for 2-3 months, and three women breastfed an earlier
child for more than 6 months. The results of the plus-minus
method showed that the overall opinion about the booklet was
very positive. The women commented that the brochure was
interesting to read, useful and contained not too much or too
little information. The language in the brochure appeared to be
clear, and examples and pictures were appreciated. Despite the
overall positive evaluations, the women had several suggestions
to improve the brochure. For example, one woman liked to have
more information about expressing milk and more examples
on how to handle the social pressure of the environment in the
brochure. Other suggestions were a different title of the brochure
and more pictures.

Step 6: Planning for Evaluation

A description of the study design has been published elsewhere
(26). At 6 months, the percentage of women breastfeeding
exclusively was significantly higher in the intervention group
than among the control group, respectively, 48 versus 27%; odds
ratio 2.91; 95% confidence interval (1.10-7.71) (p < 0.03) (26).
Substantial increases in knowledge and more positive beliefs
regarding ongoing breastfeeding were revealed, especially
directly after exposure to the program, in the intervention group
compared with the controls. Perceived self-efficacy and women’s
positive emotions toward ongoing breastfeeding increased and
perceived support for breastfeeding decreased in both groups.
The intervention group reported a higher level of perceived social
pressure to bottle feed and reported to know more other women
that breastfeed than the control group (9).

Parents in the intervention group completed a questionnaire
about the usefulness of the breastfeeding booklet and home visit.
Almost all women (98%) read the booklet in whole or parts of it.
The booklet was evaluated accessible, easy to read, and attractive.
The overall appreciation of the program on a 10-point scale was
rewarded with an 8.1 (range 6-10). The main comments reflected
a generally positive view of the program.

DISCUSSION

In this paper, we described the development, theoretical behav-
ior change methods, and content of a program that effectively
increased the proportion of women who were able to sustain
breastfeeding (26). The program was delivered through a com-
bination of pre- and postnatal home visits and a corresponding
theory-based booklet. The program increased the long-term
duration of exclusive breastfeeding; the experimental group
significantly outweighed the control group in days that their child
received exclusive breastfeeding and more children in the experi-
mental group received exclusive breastfeeding for 6 months (26).

An explanation for the success of our breastfeeding program could
be found in the significant impact on determinants of breastfeed-
ing that were targeted by our program (27-30). Besides, during a
meeting with parents in which they reflected on the program they
had received, parents stated that the prenatal preparation for the
unexpected negative attitudes and criticism from others had been
helpful to continue breastfeeding. A recent study stressed the
negative influence of social criticism on breastfeeding behavior
as well (31). In the Netherlands, only one other study evaluated
the effectiveness of a breastfeeding promotion program. This
program aimed to increase the breastfeeding continuation until
at least 3 months with a health counseling training for the car-
egivers in postpartum care, in order to enhance the cooperation
between caregivers and continuity of care, and early signaling of
breastfeeding problems and free lactation consultancy (OR 0.82,
95% CI 0.58-1.14) (32). Emphasis on educating the postpartum
health professionals could be a wrong assumption since women
chose early in pregnancy if they will breastfeed their child and
can already benefit from prenatal support and education. Putting
effort in preparing and educating the women starting from mid-
pregnancy seems more logical than to train health professionals,
which the women will see later in their pregnancy or in some
cases even postpartum.

Many breastfeeding promotion programs to extend the dura-
tion of breastfeeding have been evaluated, but the majority of
the studies are not comparable with each other due to several
different basic assumptions (32-34). For example, most stud-
ies focus just on education or on support only or provide only
written materials. Additionally, the timing points of contact
moments fluctuate (pre- or postnatal or both), contact formats
vary (the usage of group sessions or individual contacts, face-
to-face, or just telephone contacts), and frequency of contacts
differ (32). Two studies (35, 36), for instance, showed that only
offering women written material was not successful, the differ-
ence between the success rate of the intervention and control
group was only 7 percent after 6 months in one study (59 versus
52%), and 4% in the other study (48 versus 44%). Sikorski et al.
(33) concluded in their systematic review that offering extra
support leads to a higher proportion of women who breastfeed
exclusively the first 6 months. The studies that were compared
used different supportive strategies and trained volunteers or
professionals to offer the breastfeeding support. A meta-analysis
of four trials, which made use of the WHO/UNICEF training
(a training to educate health professionals) showed significant
benefit in prolonging exclusive breastfeeding (RR 0.70, 95% CI
0.53-0.93), but results were considered highly heterogeneous.
Analysis of studies reporting a predominantly face-to-face inter-
vention showed a statistically significant benefit (RR 0.86, 95%
CI 0.78-0.94; eight trials, 2,044 women), whereas those using
mainly telephone contact had almost a similar RR that was not
statistically significant (RR 0.92, 95% CI 0.78-1.08, five trials,
1,168 women). Guise et al. (34) performed a systematic review
and included studies, which originated in the primary care set-
ting and contained a concurrent control group. They concluded
that the effect regarding long-term breastfeeding practices
(4-6 months) was the largest when breastfeeding education
was combined with support. Hence, a recent Cochrane review
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on antenatal breastfeeding education to increase breastfeeding
duration concluded that the evidence supporting any prenatal
breastfeeding education to improve (1) the initiation of breast-
feeding, (2) the proportion of women giving any breastfeeding or
exclusively breastfeeding at 3 or 6 months, and (3) the duration
of breastfeeding is still inconclusive (37). In addition, methodol-
ogy problems in studies to evaluate breastfeeding interventions
include short follow-up periods (less than 6 months), poor qual-
ity trials due to substantial baseline differences or lack of adjust-
ment to confounders, and the vague definition of the outcome
measure (7). In most reviews, the impact of whether educational
interventions were based on behavioral change theory-based is
largely ignored.

In conclusion, strong points of our program are the systematic
development based on theoretical models, pre- and postnatal home
visits, intervention starting in mid-pregnancy, and the supportive
role of the home visitor, stressing partner support and resistance to
social influence in combination with the written material.

The Use of IM

Intervention Mapping helps programs development and it also
helps to describe existing interventions explaining what is “inside
the black box” (12). In this project, IM guided a thorough analysis
of the problem, program goals, and performance objectives, and
determinants, which led to the development of an education pro-
gram to promote exclusive breastfeeding by carefully describing
the various steps and tasks of the IM protocol. IM is a complex
and time-consuming process, reflecting the difficulty of changing
(health) behaviors. For instance, during program development,
describing performance objectives forced us to describe the
sequence of actions that are needed to safely transport expressed
breast milk from work to home, which led to a more detailed
informational section (e.g., storage temperature, cleaning
containers) than we would have written otherwise. Also, having
to think about the core messages of our program helped us to
better formulate the two major themes of the program “Exclusive
breastfeeding is not easy at all, but if you prepare yourself during
pregnancy, you can do it,” and “Fathers’ support is essential to
succeed in exclusive breastfeeding” IM also forces developers to
carefully consider methods and parameters of use. For instance,
in our study, we let the target population select the pictures of the
models the target group could identify with (parameter for use)
instead of selecting them ourselves. Furthermore, our participa-
tory approach to program development enabled us to identify
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the importance of the support the partners during our needs
assessment, which helped us to consider mothers and partners
as a breastfeeding team, instead of considering partners as an
external influential person that might support mothers providing
breastfeeding.

Above examples illustrate that IM can be complex, elaborate,
tiresome, expensive, and time-consuming. However, IM also
assists in bringing the development of interventions to a higher
level, and it helps intervention planners develop the best possible
intervention.

IMPLICATIONS FOR PRACTICE

At a national level, important organizations such as the profes-
sional organization for midwives and the health home care services
adopted the national feeding guidelines for newborns to promote
exclusive breastfeeding for the first 6 months. Also, the Dutch
government promotes breastfeeding for 6 months because of the
many proven health benefits for mother and child. Our effective
breastfeeding promotion program was evaluated positively by
participating families who graded the program with an eight on
a scale from 0 to 10. We believe this program holds a promise for
future care to coach women and their partner, pregnant of a pre-
disposed child, toward adherence to breastfeeding for 6 months
and improve health in high-risk newborns. Therefore, an attempt
must be made to implement the program in the daily practice of
health professionals, especially in prenatal care.
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Introduction: Effective interventions to increase HPV vaccination are needed to reach
national vaccination goals and to reduce later HPV-related cancer disparities. We
used Intervention Mapping (IM) to develop and adapt a theory- and evidence-based
educational intervention targeting parents of Hispanic adolescents to increase HPV
vaccination.

Methods: We followed IM steps 1-6 to: (1) develop a logic model and identify modifiable
factors associated with vaccination among Hispanic adolescents by conducting literature
reviews, focus groups, and in-depth interviews with Hispanic parents; (2) develop
outcomes, write performance objectives, and develop a matrix of change objectives; (3)
develop and identify a program theme, program components, theoretical methods, and
practical applications; (4) develop an intervention design plan; (5) develop implementation
strategies; and (6) develop an evaluation plan. We completed Steps 1-6 for to develop
an intervention targeting parents of females, and we followed the steps again to adapt
the program once HPV vaccine recommendations included males.

Results: The program Por Nuestras Hijas (For Our Daughters) included two
components: a print fotonovela and a tailored interactive multimedia intervention
(TIMI). The program utilized the methods tailoring, targeting, framing, anticipated
regret, modeling, skill building, and education and counseling to target the
following determinants: parental knowledge, attitudes, self-efficacy, skills, perceived
benefits/barriers, perceived susceptibility, perceived norms, and outcome expectations
as modifiable factors influencing HPV vaccination. Lay health workers implemented the
program in community clinics. A logic model of change guided evaluation planning. We
later adapted the outcome and intervention content for parents of Hispanic adolescent
males and changed the theme to Por Nuestros Hijos (For Our Children). Throughout the
development and adaptation processes, we relied on theory, empirical evidence, and
new data to make decisions.
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Development/Adaptation of Vaccine Intervention

Discussion:

IM provided a systematic methodology for program development and

adaptation. Tasks in each step built upon one another integrating findings from the
literature, previous research, qualitative findings, and theory to develop two educational
programs for parents to increase HPV vaccination. The systematic process allowed us to
develop messages and materials targeting factors beyond HPV knowledge or awareness

to create behavior change.

Keywords: HPV vaccination,
Intervention Mapping

INTRODUCTION

Persistent human papillomavirus (HPV) infection can lead to
anogenital cancers, oropharyngeal cancer, and genital warts (1).
In 2017, cervical cancer was the most prevalent HPV-related
cancer with nearly 12,000 new cases per year in the United States
(2). Cervical cancer disproportionality affects Hispanic women
who have higher cervical cancer rates than their non-Hispanic
counterparts and who have the second highest cervical cancer
mortality rate after Black women (3, 4). Hispanic women also
have lower cervical cancer screening rates than non-Hispanic
women contributing to cervical cancer morbidity and mortality
disparities (5).

The HPV vaccine can protect against the types of HPV
that can lead to cervical cancer, other anogenital cancers,
oropharyngeal cancer, and genital warts in both men and
women. The Centers for Disease Control Advisory Committee
for Immunization Practices (ACIP) recommends providers
administer the HPV vaccine to adolescent males and females at
ages 11-12 (6). While HPV vaccination rates in the United States
have improved incrementally over the last several years, they
remain below national benchmarks (7). Specifically among
Hispanic adolescents, 68% of females aged 13-17 years, and
59% of males aged 13-17 years initiated the vaccine in 2015.
However, only 46% of females and 35% of males completed
the vaccine series (8). Theory- and evidence-based HPV
vaccination interventions aimed at increasing series initiation
and completion by targeting the multiple factors influencing
vaccination rates are needed for Hispanic adolescent populations
to reduce later cancer disparities (5, 9).

Theory- and evidence-based interventions have been shown
to be more effective than non-theory based interventions (10).
Intervention Mapping (IM) is a systematic framework for
developing, implementing, and adapting theory- and evidence-
based interventions (11). Cancer control and prevention
researchers and program planners have used IM to develop
interventions focused on sun safety and skin cancer prevention
(12), smoking cessation (13) cervical cancer and breast cancer
screening (14-19), and colorectal cancer screening (20). IM also
provides a framework for developing implementation strategies
for the adoption and implementation of interventions (21) and
clinical guidelines (22) and for systematically adapting existing
evidence-based programs (23).

This paper describes the use of IM to develop and adapt
two interventions for parents aimed at increasing HPV vaccine

Hispanic adolescents, intervention development, intervention adaptation,

uptake among Hispanic adolescents. These interventions were
developed as part of a larger comparative effectiveness study to
develop and evaluate a print vs. tailored intervention delivered
by lay health workers in clinic settings. Initially, we followed
IM to develop interventions focused exclusively on parents of
Hispanic female adolescents to increase HPV vaccination among
this population. The interventions, packaged as Por Nuestras
Hijas (For Our Daughters), included a print fotonovela and a
tailored interactive multimedia intervention (TIMI) delivered as
an application on a tablet. Fotonovelas are brief print stories
with pictures and dialog popular among Hispanic populations in
conveying health information. Once recommendations changed
and included HPV vaccination for boys, we used IM to adapt
the interventions, repackaged as Por Nuestros Hijos (For Our
Children).

METHODS

Intervention Mapping guides program planners through six
steps from needs assessment to program evaluation. The steps
include: (1) developing a logic model of the problem, (2)
identifying program outcomes and objectives, (3) designing the
program, (4) producing the program, (5) planning for program
implementation, and (6) planning for evaluation (11). Below
we detail IM Steps 1-6 methods to develop and adapt two
educational interventions for Hispanic parents of adolescents
aged 11-17 years (Figure 1). While we briefly described the IM
Step 6 in terms of evaluation planning, evaluation outcomes
are not described as the effectiveness trial is currently ongoing.
The University of Texas Health Science Center at Houston
Institutional Review Board approved all research conducted
during program development and adaptation.

Por Nuestras Hijas Program Development
Step 1. Develop a Logic Model of the Problem

The purpose of IM Step 1 is to conduct a needs assessment
and develop a logic model of the problem (parent hesitation
or inaction regarding adolescent childs HPV vaccination). To
inform our needs assessment and logic model, we identified
the following: (1) the burden of cervical cancer among low
income or underinsured Hispanic women; (2) rates of HPV
vaccination among low income and underinsured Hispanic
female adolescents; (3) Hispanic parental beliefs, barriers, or
attitudes toward the HPV vaccine amon; (4) and parental
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Program Development

Step 1. Develop Logic Model of the
Problem — Parent hesitation or
inaction regarding daughter
receiving HPV vaccine

A

Step 2. State program outcomes and
objectives — Parent will obtain HPV
vaccine for daughter

Step 3. Design program —Design Por
Nuestras Hijas (For Our Daughters)
educational program for parents of
Hispanic girls

Step 4. Produce Por Nuestras Hijas
(For Our Daughters) —Produce
fotonovela and tailored interactive
multimedia intervention

Step 5. Implement Por Nuestras
Hijas (For Our Daughters) —Lay
health workers deliver program

Step 6. Evaluate Por Nuestras Hijas
(For Our Daughters) —Conduct group
randomized trial to assess program
effectiveness

Program Adaptation

Step 1. Develop Logic Model of the
Problem — Parent hesitation/ inaction
regarding daughter or son initiating
and completing HPV vaccine series

A

Step 2. State program outcomes and
objectives — Parent will obtain HPV
vaccine for daughter and/or son and
return for subsequent doses

Step 3. Adapt program — Design Por
Nuestros Hijos (For Our Children)
educational materials for parents of
Hispanic girls and boys

.......

Step 4. Adapt materials — Produce
adapted fotonovela and tailored
interactive multimedia intervention
with adapted content

Step 5. Implement Por Nuestros Hijos
(For Our Children) — Lay health
workers deliver program; deliver text
message reminders for completion

.......

Step 6. Evaluate Por Nuestros Hijos
(For Our Children) — Conduct
sequential, multiple assignment,
randomized trial (SMART)

* Dotted lines illustrate the need to compare adaptation methods to the original IM process and program

FIGURE 1 | PNH development and adaptation process.
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decision-making processes for obtaining the vaccine for their
daughters.

IM recommends first forming a planning group made up
of community stakeholders, members of the target population,
and potential program implementers who work collaboratively
with intervention developers to identify health problems and
work together to develop solutions (11). Our planning group
consisted of academic researchers and intervention planners,
community leaders, and a prominent promotora (health worker)
association to help guide program development, implementation,
and adaptation decisions.

The team conducted a literature review to identify factors
related to parental acceptance of the HPV vaccine and parental
beliefs and attitudes related to HPV vaccine decision-making.
A medical librarian skilled in designing systematic reviews
developed our search, which included MeSH terms related
to HPV vaccination, parent decision-making and vaccinations,
parental acceptance of the HPV vaccine, and parental beliefs and
attitudes toward the HPV vaccine for their daughters. Studies
conducted in the United States between 2001 and 2010 published
in English were included in the search. Studies were not limited
to those with Hispanic participants only.

Finally, focus groups and in-depth interviews were conducted
with Hispanic parents of adolescent females aged 11-17 years
to further understand parental acceptance of the HPV vaccine
for their daughters and beliefs and attitudes related to the
vaccination. Research staff placed recruitment flyers in local
community centers and clinics serving predominantly Hispanic
populations. Parent eligibility requirements included: (1) identify
as Hispanic/Latina/o; and (2) report having a daughter aged
11-17 years. Bilingual facilitators trained in qualitative research
methods conducted a total of four focus groups and two in-
depth interviews. All focus groups and interviews were recorded
and later transcribed for analysis. All participants completed
informed consent documents prior to the focus group or
interview, and all received a $25 gift card for participating.

Step 2. Identify Program Outcomes and
Objectives—Logic Model of Change

The purpose of IM Step 2, is to state program outcomes
and objectives and develop a matrix of change objectives to
guide program development. During this step, we stated the
overall behavioral outcome to be accomplished as a result of
our intervention and developed a detailed list of performance
objectives, or sub-behaviors needed in order to achieve the
outcome (11).

To construct the matrix of change objectives, performance
objectives were included as row headings and modifiable
factors positively associated with vaccine decision-making
(determinants) as column headings. IM Step 1 findings informed
the selection of determinants for the matrix. We crossed
performance objectives and determinants to produce change
objectives. Change objectives describe what must change in
the determinant in order for an individual to perform the
performance objective (11). The matrix of change objectives
served as a blueprint for further program development
and guided the selection of intervention methods, practical

applications, and messages. Step 2 elements were organized
into a logic model of change illustrating the expected change
mechanisms leading to the desired behavior—HPV vaccine
uptake.

Step 3. Design Por Nuestras Hijas

The purpose of IM Step 3 is to develop a program theme, identify
program components, map change objectives and determinants
to theoretical methods, and develop practical applications to
operationalize methods. Our team collaborated with the planning
group to develop a theme for the intervention, identify program
components, decide on tangible products for parents, and discuss
how parents would interact with the intervention. Guided
by tables of methods to address specific determinant in the
Intervention Mapping text (11), the group selected theoretical
methods to influence specific determinants. Theoretical methods
are techniques for influencing determinants to ultimately create
behavior change (11). We then developed practical applications,
or the specific ways we would operationalize the theoretical
methods. The setting (clinics), feasibility of delivery, literacy
level of parents, and preferences for educational material were
considered throughout this process.

Step 4. Produce Por Nuestras Hijas

For both program development and adaptation, a production
plan guided the creation and adaptation of materials. The
plan included detailed flowcharts, developed mock-ups, created
content, and produced all materials. To produce materials,
collaborators included an application design team, a graphic
designer, a talent consultant and agency, a video production
team, actors, video editors, and a photographer.

Step 5. Implement Por Nuestras Hijas

In IM Step 5 for both program development and adaptation, we
developed implementation strategies to build lay health worker
capacity to deliver the program. To do so, we completed IM
Steps 1-4 again with lay health workers in mind. This included
identifying specific steps lay health workers would have to do
in order to implement the interventions, determinants that may
influence lay health workers abilities to implement, theoretical
methods to influence those determinants, and materials needed
to deliver the interventions.

Step 6. Evaluate Por Nuestras Hijas
As a first evaluation step in both program development and
adaptation, we validated that program content was consistent
with the program plan by comparing content with the matrix of
change. Creating a table with all determinants, change objectives,
theoretical methods, and practical applications enabled us to
assess whether the interventions addressed each change objective.
Next, we designed a comparative effectiveness study to assess
the intervention effect on increasing vaccination uptake among
Hispanic adolescents. Previous IM Steps informed the evaluation
in several ways. First, the matrix of change objectives guided
measurement development since they clearly describe the specific
changes expected because of the program. The logic model
guided development of indicators and measures to identify
predictors, mediators, and moderators of HPV vaccination.
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The logic model of change also guided the evaluation of
program implementation and informed our process evaluation.
A complete description of the group randomized controlled
trial including results is forthcoming. However, in short, thirty
federally qualified health centers and community clinics to
participate in the study. Lay health workers recruited participants
from within the clinics and followed protocols to assess eligibility,
obtain informed consent, administer surveys, and implement the
interventions.

Por Nuestros Hijos Program Adaptation
Step 1. Develop a Logic Model of the Problem

During program adaptation Step 1, the aim was to identify
factors associated with parental vaccine decision-making for
males that may differ from those identified for parents of females.
If significant differences existed, the program would likely require
more extensive adaptations. Similar to methods in Step 1 for
program development, we described the disease burden among
the target population, parental barriers to obtaining the HPV
vaccine for their sons, and the parental decision-making process
for vaccinating sons.

An updated literature search was conducted in PubMed for
studies assessing the following: (1) correlates of HPV vaccination
in boys; (2) parents’ acceptance or intention to vaccinate
their sons against HPV; (3) parents attitudes, knowledge, and
acceptability of the HPV vaccine for male adolescents; and (4)
barriers to HPV vaccination for male adolescents. The search was
limited to US populations and to studies published in English
through January 2015.

Step 1 also included three focus groups and five individual
interviews with 20 Hispanic parents of males ages 11-17
recruited from local community centers and clinics. The purpose
was to understand parental beliefs about the HPV vaccine for
males and to understand parental decision-making to vaccinate
their sons. Trained bilingual facilitators conducted the focus
groups and interviews, which lasted between 60 and 85 min each.
All sessions were conducted in Spanish. Facilitators obtained
informed consent from each participant prior to each session,
and all sessions were recorded and transcribed for analysis.
Parents received $20 gift cards for participating.

Step 2. Identify Program Outcomes and
Objectives—Logic Model of Change

Throughout the adaptation process, we considered whether the
adapted intervention needed a new behavioral outcome and
whether steps parents took to obtain the HPV vaccine for sons
different from steps for obtaining the vaccine for daughters. All
steps outlined above were followed to state the adapted behavioral
outcome, identify adapted performance objectives, and create an
adapted matrix of change objectives.

Step 3. Design Por Nuestros Hijos

During program adaptation, we reexamined the program theme,
components, and theoretical methods, and practical applications
to assess applicability to our new population. To ensure all
content was relevant, we compared change objectives from
the matrices for males to the materials previously developed

for females. For example, if a change objective stated specific
knowledge a parent should have, all materials were checked
for that content. For all change objectives not addressed in the
materials, we created new content.

RESULTS

For Our Daughters Program Development
Step 1. Develop a Logic Model of the Problem

The literature search resulted in 30 studies examining factors
associated with HPV vaccination among adolescent females.
Modifiable factors associated with HPV vaccination included
knowledge, attitudes toward the HPV wvaccine, self-efficacy
and communication skills, perceived benefits of the vaccine,
perceived Dbarriers to vaccination, HPV risk perception,
and concerns about HPV vaccine safety (24-26). Non-
modifiable factors included income, parental history of sexually
transmitted infections, mother’s Pap testing history, and parental
education level (25, 27-29). The literature review also elucidated
information sources where parents learned about HPV and
the HPV vaccine including pampbhlets, brochures, the internet,
television media, and health care providers (30).

Findings from the focus groups and interviews confirmed that
the modifiable factors identified in the literature search were
applicable to our population. For example, Hispanic parents had
low knowledge and awareness about HPV and the HPV vaccine,
and parents expressed concerns about vaccine safety and side
effects. Importantly, parents wanted information on how to speak
with their daughter’s provider about HPV and the HPV vaccine.

Our complete logic model of the problem included the
behavior of interest (lack of HPV vaccination), the related
health consequences (HPV-related cancers and genital warts),
and determinants, or parental factors associated with the decision
not to vaccinate (Figure 2).

Step 2. Identify Program Outcomes and
Objectives—Logic Model of Change

The overall behavioral outcome focused on parents: Parent
will obtain the HPV vaccine for daughter. We identified five
performance objectives associated with the outcome (Table 1).
Determinants to increase vaccination behaviors identified in
Step 1 included knowledge, attitudes toward the HPV vaccine,
self-efficacy and communication skills, perceived benefits of the
vaccine, perceived barriers to vaccination, HPV risk perception,
and concerns about HPV vaccine safety. The matrix of change
objectives described the changes in determinants needed for each
specified performance objective (Table 2).

Step 3. Design Por Nuestras Hijas

Program theme

The team developed the theme “Por Nuestras Hijas (For Our
Daughters)” to convey a message of protection. Throughout
the program, the theme was interwoven in two ways: (1)
highlight that the HPV vaccine protects daughters from the
human papillomavirus; and (2) highlight that parents protect
their daughters from cancer by obtaining the HPV vaccine for
them. The intervention follows the story of a mother gathering
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Parent determinants

Behavior Health Outcome

Lack of knowledge about HPV
Lack of knowledge about vaccine

Parent does not obtain HPV vaccine for

HPV-related cancers and
genital warts

adolescent

Negative attitudes towards vaccine
Lack of self-efficacy to obtain vaccine
Low perceived benefits

'Y

Low perceived susceptibility
Perceived barriers
Perceived social norms

Lack of HCP’s vaccine recommendation

Clinic policies or systems

Limited access to programs providing vaccine at low cost
Limited availability of the vaccine in community

Limited linkage to social support networks

FIGURE 2 | Logic model of the problem.

Environmental factors

TABLE 1 | Behavioral outcome with associated performance objectives.

Behavioral Outcome: Parent obtains the HPV vaccine for daughter

Performance Objectives:
(1) Parent considers and decides to vaccinate daughter against HPV
(2) Parent discusses HPV vaccine with health care provider

a. Parent tells provider he/she is considering the HPV vaccine for daughter
b. Parent asks the provider questions or communicates concerns, if any
c. Parent tells provider he/she wants daughter to receive the HPV vaccine

(3) Parent identifies payment mechanism for vaccine
(4) Parent obtains the first dose for daughter
(5) Parent ensures daughter receives next two vaccine doses

a. Parent makes follow-up appointments

b. Parent writes down next doses schedules
¢. Parent and daughters attend appointments

information about the HPV vaccine and making the decision
to vaccinate her daughter to protect her against cancer. This
protective framework is effective for this population. Messages
that specifically frame the HPV virus as a threat to daughters and
mothers as protectors increase Hispanic mothers’ intentions to
vaccinate their daughters (31).

Program components

Based on our previous work (32), we developed two program
components: a print fotonovela and a tailored interactive
multimedia intervention (TIMI) delivered on a tablet. The two
components conveyed the story of the mother in both video and
print format. Print fotonovelas are illustrated brief stories with
pictures and dialog accompanying the images. Fotonovelas are
soap-opera style stories, popular in Spanish-speaking societies
and are often used to describe and educate Hispanic audiences
about health topics. They often employ theory and evidence-
based methods such as social modeling and vicarious learning,
and have been shown to be effective in helping individuals
personalize health issues, identify with and internalize the
information being presented, and engage in positive health
behaviors (33, 34).

Theoretical methods

Tailoring and targeting, modeling, skill building, and education
and counseling were identified as key theoretical methods to
address determinants influencing Hispanic parents’ decision-
making regarding the HPV vaccine. Tailoring presents messages
or interventions based on characteristics unique to an individual.
Targeting is broader and involves developing messages and
interventions for a subpopulation or group with shared
characteristics (35, 36). These methods were operationalized
as practical applications in multiple ways. First, program
components were presented in English and Spanish and used
actors resembling the audience (see IM Step 4). Next, self-
tailoring and automatic-tailoring pause points were included
throughout the TIMI. At self-tailoring points, parents chose
information they wanted to see. For example, one pause point
listed common questions parents have about the HPV vaccine.
Parents were able to choose all of the questions they had,
and the program tailored the subsequent content accordingly.
Automatic-tailoring included pause points where the program
asked questions based on specific determinants. Depending on
the response, the application showed different messages.

We also incorporated framing and anticipatory regret in
the intervention. Gain-framing and loss-framing may be used
to emphasize the advantages or disadvantages of performing
a behavior, such as vaccination (37). Using loss framing, we
emphasized the negative consequences of not vaccinating to
elicit anticipatory regret. For low-frequency behaviors such as
HPV vaccination, loss-framed messages have been found to be
associated with greater behavioral intentions (38). These framing
methods targeted perceived susceptibility, perceived vaccine
efficacy, and behavioral intentions.

Modeling, a method from the Social Cognitive Theory (39),
targeted multiple determinants such as self-efficacy and skills,
and reinforced desired behaviors outlined in the performance
objectives. As stated above, the theme following the story of a
mother as she decides to vaccinate her daughter. Scenes in the
program showed the mother modeling behaviors aligned with the
performance objectives that we wanted parents to emulate.
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Additional methods included education and counseling and
skill building as we aimed to educate parents about the
virus, the HPV vaccine, and how to request the vaccine for
their adolescents. By identifying participant-specific barriers
to initiation and completion through tailoring, the program
provided tools and information necessary to build skills and
overcome those barriers. For example, participants had the
opportunity to write down questions they had for their provider
after viewing content. Additionally, lay health workers clarified
information that was unclear to participants and provided
additional sources of information as needed.

Step 4. Produce Por Nuestras Hijas
Design documents shared with the TIMI design team included
a flowchart, mock-up presentations, and scripts. A detailed

flowchart of the TIMI included all tailoring points and
detailed the placement of all video vignettes (Figure 3). Mock-
ups of presentations with voiceover were created for TIMI
graphic designers. Presentations included illustrations, such
as abnormal cells leading to cervical cancer, a presentation
on HPV prevalence, and information about free vaccination
programs. Scripts were in both English and Spanish. Simple,
direct sentences free of jargon were used to accommodate a
low-literacy population.

Actors for the TIMI and fotonovela were bilingual Hispanic
actors with experience in health-related productions. It was
important to hire actors resembled our target population
and to film in locations that were culturally appropriate for
our target audience (e.g., community-based clinics serving
predominantly low-income populations). A video production

H1, pt 1: Language tailor point.
“Please select what language you prefer to use for the program” {narrated in both languages}

v

Continue to Spanish version

A

1.1: Espariol

<

.

v

1.2: English

'

H1, pt2: Introduction with B-roll.
“Welcome to the For Our Daughters program!”

.

H2: Host speaks to camera.
Introduction, provides overview of program.

v

S1: Mother Scene 1.
Mother is at home and hears commercial about the HPV vaccine.

'

P1: Presentation with voiceover.
Information about HPV, cervical cancer, and HPV vaccine.

Tailoring point at end.
“Do you think your daughter could get HPV either now or in the future?”

.

P1.1: Yes

!

1.3:

| don’t know

P2: Testimonial
Story of female who experienced cervical cancer.

. ,

“Do you think vaccinating your daughter will protect her from getting cervical cancer?

Tailoring point.

FIGURE 3 | Partial TIMI flowchart for parents of Hispanic adolescent females.
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team with experience in health-related productions filmed and
produced all scenes, and a graphic designer created presentations
with voiceover for the TIMI. The design team received all
material and created the tablet-based application (Figure 4).

We created a storyboard for the fotonovela based on scripts
used in the TIMI. Similar to a comic book or illustrated novel,
each page of the fotonovela contained short text bubbles along
with a relevant image from a relevant video scene (Figure 5). In
addition to the story of a mother learning about the HPV vaccine
and deciding to vaccinate her daughter, the fotonovela contained
the following content: (1) a list of resources available to help
cover the cost of the vaccine; (2) information about HPV and the
HPYV vaccine; (3) a calendar to help parents keep track of dosing
schedules; and (4) a place for mothers to write down questions
about the vaccine to ask their health care provider.

The cost of developing the TIMI and fofonovela have
previously been reported (40). As reflected in the development
steps outlined here, a substantial proportion of personnel time
was associated with program development. Cost analyses indicate
that the personnel time cost to plan and create the fotonovela-
based education (41%) was less than the iPad-based TIMI (67%)
education intervention.

Step 5. Implement Por Nuestras Hijas

For implementation, the target behavior was “Lay health worker
will deliver the educational interventions with fidelity,” and
performance objectives included (1) adopting the role of lay
health worker, (2) locating eligible parents, and (3) conducting
sessions with parents. Determinants included knowledge, skills
and self-efficacy, attitudes, perceived norms, and outcome
expectations. After completing the matrix of change objectives,
we identified the following theoretical methods: information,
modeling, feedback, reinforcement, and active learning for
use in the implementation intervention. These methods were
operationalized through presentations, activities, and practice
sessions during a 2-day training session at Pro Salud, the lay
health worker program headquarters. As a part of the training,
medical experts presented information about HPV, the HPV
vaccine, and cervical cancer. Each presentation ended with a
question and answer session. The goal was to provide the lay
health workers with a working knowledge of HPV, cervical
cancer, and the HPV vaccine. We also used skills training and
modeling approaches to prepare the lay health workers for their
role in educating parents. Lay health workers learned how to
use the program materials and how to respond to participant
questions or concerns through both didactic presentations
and facilitated practice session. Lay health workers took turns
administering the program materials to build skills and self-
efficacy. During this time, research staff circulated around the
room to observe, assist, and offer feedback and reinforcement.
Additional training topics pertained to evaluation efforts (see IM
Step 6).

Step 6. Evaluate Por Nuestras Hijas

To assess content validity, we created a table mapping all program
components back to change objectives and determinants
(Table 3). The table illustrates the expected mechanisms of
change. For example, in IM Step 1 we identified self-efficacy

FIGURE 4 | “Por Nuestras Hijas” screenshot.

as a modifiable factor associated with behavior change to
increase HPV vaccination. Parents needed increased self-efficacy
to discuss the HPV vaccine with providers. In order to increase
self-efficacy and to address each change objective associated with
the determinant, the program included scenes with a mother
modeling the behavior. As part of the content analysis, we went
back to the table to ensure all appropriate change objectives were
included in that scene.

We recruited 1,398 parents of adolescent females in
participating clinics as part of the group randomized controlled
trial to assess the effectiveness of the two interventions. Trained,
bilingual data collectors approached parents in clinic waiting
rooms, assessed eligibility, and obtained informed consent
from those agreeing to participate. Data collectors administered
baseline surveys to all participants and lay health workers
administered the interventions to those in the fotonovela and
TIMI study arms. We conducted follow up surveys and accessed
patient vaccination records to assess vaccination status at 6
months after baseline. Results are forthcoming. During program
development and implementation, we also assessed the cost-
effectiveness of developing and implementing the interventions
(40, 41). Finally, a sequential, multiple assignment, randomized
trial to assess the effectiveness of Por Nuestros Hijos (described
below) is currently underway.

Por Nuestros Hijos Program Adaptation
Step 1. Develop a Logic Model of the Problem

During the literature review, thirty-two relevant articles were
identified after screening 1,032 title and abstracts. Similar to
female adolescents, determinants for vaccinating adolescent
males included parental knowledge, self-efficacy, skills, perceived
benefits of the HPV vaccine, perceived susceptibility to HPV,
perceived social norms, outcome expectations, and HPV
vaccination attitudes. Parental intentions to vaccinate their sons
were higher if they had daughters who were previously vaccinated
against HPV (42, 43). Further, parents of males often believed
their adolescent sons may soon become sexually active, and they
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How did you talk to your doctor about the
vaccine? David’s doctor hasn’t mentioned it.

FIGURE 5 | “Por Nuestros Hijos ” fotonovela scene.

i

! Teresa and Mario’s doctor
hadn’t talk to me about
the HPV vaccine either. |
started the conversation.

TABLE 3 | Determinants and change objectives mapped to methods and practical applications.

Determinant Targeted change objectives Method Practical application Program component
Knowledge (K)1.A. Recognize that there is an Modeling Scene: Doctor discusses HPV Interactive

HPV vaccine vaccine with mother multimedia/Fotonovela

(K)1.B. Recognize that daughter is Modeling Scene: Doctor discusses HPV Interactive

eligible to receive the HPV vaccine vaccine eligibility with mother multimedia/Fotonovela

(K)1.C. Understand the purpose of Modeling Scene: Doctor describes HPV Interactive

the HPV vaccine vaccine as cancer prevention multimedia/Fotonovela

(K)1.D. Understand the link between Education and counseling Scene: Doctor describes link between Interactive

HPV and cervical cancer HPV and HPV diseases multimedia/Fotonovela
Attitude (A)1.A. Believe that the HPV vaccine Modeling Testimonials: Mothers discuss Interactive

is important for their daughters vaccinating daughter multimedia/Fotonovela

(A)1.B. Believe the HPV vaccine to be Modeling; Education and Scene: Doctor describes HPV Interactive

safe for their daughters counseling vaccine as safe and effective multimedia/Fotonovela

(A)1.C. Believe that the HPV infection Modeling Testimonials: Cervical cancer Interactive

can have serious consequences survivors describe experiences multimedia/Fotonovela
Self-efficacy (SE)2.A. Feel confident that they can Modeling Scene: Mother has list of questions Interactive

initiate discussion with doctor even if and asks doctor about HPV vaccine multimedia/Fotonovela

HPV vaccine is not mentioned

believed vaccinating their sons could prevent the transmission
of HPV to their female partners in the future (43-45). This
finding was different from parents of females who perceived their
daughters to be too young for the vaccine and not at risk for HPV
because they did not perceive their daughters to be sexually active
in the near future.

Focus groups and interviews revealed knowledge gaps about
HPV-related cancers among males. Some parents were also
unaware the HPV vaccine was available for males. Other
knowledge gaps included parents confusing HPV with the herpes

simplex virus (HSV) and parents now knowing condoms do
not provide complete protection against HPV. Finally, parents
reported receiving conflicting information about HPV from
multiple sources. These results informed new content included
in the adapted intervention.

Step 2. Identify Program Outcomes and
Objectives—Logic Model of Change

The adapted program focused on a new outcome (HPV
vaccination of sons). However, the target population, Hispanic
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parents, and the desired behavior, HPV vaccination, remained
the same. Therefore, performance objectives were unchanged,
and the matrix of change included most of the same change
objectives. Minor changes included updating the knowledge
change objectives to include male cancers and genital warts and
removing change objectives regarding concerns about sexual
disinhibition. For parents of daughters, we originally included
content that assured parents daughters were not more likely to
initiate sex at a younger age or to engage in risky sexual behaviors
after vaccination. For parents of sons, we did not emphasize this
point since it was not an identified barrier in the literature review
or focus groups and interviews.

Step 3. Design Por Nuestros Hijos

Our original theme and program title Por Nuestras Hijas (For
Our Daughters) was changed to Por Nuestros Hijos (For Our
Children) to reflect that the program now contained information
for parents of daughters and sons. The adapted program included
the original story of a mother of a daughter and included a new
story following a mother gathering information and deciding to
vaccinate her son. The adapted program used the same program
components, methods, strategies, and practical applications with
one addition. Text message reminders, or cues to action, were
added as a during Por Nuestros Hijos (For Our Children) to target
HPYV vaccine series completion behaviors.

Step 4. Produce Por Nuestros Hijos

To adapt the TIMI, we modified the original flowchart to include
gender as an additional tailoring point. The flowchart depicted
the two-arm program with one arm tailored for parents with
daughters and one arm tailored for parents with sons. A third
arm for parents with both daughters and sons is currently under
development. We also revised the original scripts and multimedia
presentations to provide information relevant to HPV-related
cancers in males. As before, the program includes culturally
appropriate actors. We followed the same process as in the
development phase to produce the fotonovela aimed at parents of
Hispanic males. Language in text message reminders to increase
series completion were based on our previous work regarding
linguistic agency and HPV vaccination intentions (31).

Step 5. Implement Por Nuestros Hijos

Our implementation plan for delivering Por Nuestros Hijos
(For Our Children) did not change from Por Nuestras
Hijas (For Our Daughters). Lay health workers continued to
implement the program. The two primary adaptations to training
content included: (1) providing information about HPV-related
cancers affecting males, and (2) describing the updated ACIP
recommendations to include HPV vaccination for adolescent
males.

DISCUSSION

We used Intervention Mapping (IM) to systematically develop
and adapt two interventions for parents of Hispanic adolescents
to increase HPV vaccine uptake. We first followed IM to
develop Por Nuestras Hijas (For Our Daughters), an intervention
targeting parents of Hispanic females. The process relied on

evidence and theory to drive development of the logic model
of the problem, program outcomes and objectives, program
design, program production, development of an implementation
intervention, and evaluation. As guidelines changed to include
HPV vaccination for males (46), we used IM to assess and adapt
the original program to the needs of parents of Hispanic males.
We repeated IM Steps 1-6 systematically assessing the original
intervention and identifying key elements that needed adapting.

Our program adapted for Hispanic parents of adolescent
males required minimal adaptations. IM can guide program
planners in making adaptations that are more significant by
systematically guiding decision-making throughout the process.
This is helpful as program planners identify evidence-based
interventions developed in one context and adapt them for
another (23). Changes may include a new priority population,
a different setting, or a new health behavior. IM then provides
the framework to assess and adapt the building blocks of each
intervention to determine the level of adaptation needed.

Por Nuestros Hijos required mostly surface-adaptations
since the behavioral outcome, determinants, and performance
objectives were similar to the original program. Surface
adaptations are smaller adaptations that tailor a program to a new
audience, but do not necessarily add new program components
or address new determinants. In Por Nuestros Hijos, example
surface adaptations included changing characters to include
males, altering scripts to include HPV-related cancers related
to males, and updating the HPV guidelines to include males.
Some program planners may follow IM and find that deeper
adaptations, or more extensive changes to the original program,
are needed to adapt an existing program for a new population.
For example, IM Step 1 may identify a new determinant relevant
to the new target population. This would then add to the matrix
of change objectives. Planners would then identify new methods
to target that determinant, new practical applications, and new
intervention materials addressing the new change objectives—
activities associated with more extensive adaptations to the
original program.

Further, IM assists program planners in identifying the most
salient methods, applications, or program components critical
to program effectiveness. For example, in Por Nuestras Hijas
(For Our Daughters), we used modeling to address parental self-
efficacy in asking the provider questions, requesting the vaccine,
and scheduling subsequent doses. We also used modeling to
address parental outcome expectations. In this way, and based
on the IM logic model of change, modeling was a critical
method for creating parental behavior change. Modeling was the
mechanism through which we expected to increase self-efficacy,
to create positive outcome expectations, and to ultimately
increase vaccination behaviors. In adapting the program, we
retained modeling as a method since determinants were identical,
and we adapted the original scripts to include language relevant
to parents of males to operationalize the method.

Interventions targeting multiple factors associated with a
health behavior are critical to behavior change, and interventions
specifically targeting HPV vaccination sometimes fail to address
more than one factor associated with parental decision-making.
Interventions to increase HPV vaccination among adolescents
often provide only educational information or cues to action (e.g.,
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reminder letters, text messages) for parents (47). Educational
interventions and materials, including those produced by the
CDC, aim to increase parental knowledge about HPV, HPV-
related cancers, and the HPV vaccine (48). While it is important
to increase parental knowledge, focusing solely on this factor may
not be enough to change behavior, particularly for unmotivated
parents (49). Systematically identifying and addressing multiple
factors associated with HPV vaccination, such as attitudes,
beliefs, or self-efficacy, allows intervention planners to move
beyond simply providing information or cues to action to create
behavior change.

The steps that guided program development and adaptation
are applicable to a broad group of researchers, program planners,
and public health professionals. IM was specifically designed
for use in public health settings, not just academic research
settings, providing public health practitioners the tools and
resources to develop theory- and evidence-based interventions
specific to their context (11). IM provides a systematic process,
appropriate for any population or behavior of interest, that
result in interventions targeting determinants specific to the
population and behavior. Public health practitioners and health
educators in health departments and hospital settings (50,
51), workplace settings (52), and community organizations
(23) have successfully developed theory- and evidence-based
interventions using IM. As exemplified by Por Nuestras
Hijas (For Our Daughters) and Por Nuestros Hijos (For
Our Children), IM provides a user-friendly, iterative stepped
approach to facilitate development and adaptation guiding
researchers and public health practitioners every step of the
way.

Future studies should evaluate the Por Nuestras Hijas
(For Our Daughters) and Por Nuestros Hijos (For Our
Children) interventions to assess their efficacy in increasing
HPV vaccination in Hispanic adolescents and in changing
psychosocial determinants. These studies will provide important
information regarding the effect the interventions on the
knowledge, beliefs and attitudes that influence HPV vaccination
along with information about the efficacy of the two program
components. If the interventions are effective in increasing
vaccination, they could be adapted for other populations using
the process we outline in this paper.

There are limitations to our development and adaptation
process using IM. Participants in the focus groups and interviews
self-selected to be a part of our needs assessment work. Their
attitudes toward the HPV vaccine may differ from those of
other parents who did not participate. We therefore may not
have captured all determinants relevant to our target population.
While we conducted systematic reviews of the literature to
also identify determinants, the qualitative nature of the needs
assessment process may limit generalizability. Additionally, the
program is limited in reach since participants were low income
and underinsured Hispanic parents in an urban setting. The
programs may not be effective among Hispanics in other
settings, and messages may not resonate for other race/ethnicity

populations. Further, while our team had resources to train
and implement the intervention using lay health workers,
clinics and other organizations utilizing this program in the
future may not be able to employ this implementation strategy.
This potentially limits program reach. Similarly, clinics or
other organizations may not have capacity to implement text
message reminders to target HPV vaccine series completion. Our
development and adaptation processes and outcomes did not
account for these differences in resources for future program
adopters.
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interventions in order to support improved design of such interventions. This article
aims to provide a systematic description of the design rationale behind an interactive
web-based tailored intervention promoting HPV-vaccination acceptability.

Methods: The 6-step Intervention Mapping (IM) protocol was used to describe the
design rationale. After the needs assessment in Step 1, intervention objectives were
formulated in Step 2. In Step 3, we translated theoretical methods into practical
applications, which were integrated into a coherent intervention in Step 4. In Step 5,
we anticipated future implementation and adoption, and finally, an evaluation plan was
generated in Step 6.

Results: Walking through the various steps of IM resulted in a detailed description of
the intervention. The needs assessment indicated HPV-vaccination uptake remaining
lower than expected. Mothers play the most important role in decision-making about
their daughter’s immunization. However, they generally feel ambivalent after they
made their decisions, and their decisions are based on rather unstable grounds.
Therefore, intervention objectives were to improve HPV-vaccination uptake and
informed decision-making, and to decrease decisional conflict among mothers of
invited girls. Computer-tailoring was chosen as the main method; virtual assistants
were chosen as a practical application to deliver interactive tailored feedback.
To maximize compatibility with the needs of the target group, a user-centered
design strategy by means of focus groups and online experiments was applied. In
these, prototypes were tested and sequentially refined. Finally, efficacy, effectiveness,
and acceptability of the intervention were tested in a randomized controlled
trial. Results showed a significant positive effect of the intervention on informed
decision-making, decisional conflict, and nearly all determinants of HPV-vaccination
uptake (P < 0.001). Mothers evaluated the intervention as highly positive.
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Discussion: Using IM led to an innovative effective intervention for promoting HPV-
vaccination acceptability. The intervention maps will aid in interpreting the results of our
evaluation studies. Moreover, it will ease the comparison of design rationales across
interventions, and may provide leads for the development of other eHealth interventions.
This paper adds to the plea for systematic reporting of design rationales constituting the
process of developing interventions.

Keywords: HPV-vaccination acceptability, intervention mapping, eHealth, web-based intervention, design

rationale

BACKGROUND

Too often design rationales of behavioral intervention
programs are poorly described, leading to so-called “black
box” evaluations (1). Currently, there is call in the eHealth field
to open these black boxes. The scientific literature still provides
detailed descriptions of how interventions are evaluated, but
hardly ever of what exactly is being evaluated (2). Moreover,
information about when and how decisions are made throughout
the process of intervention development is often incomplete or
even completely lacking (2, 3). Intervention development is a
complex and laborious process which requires a large scale of
decisions to be made along the way. This goes far beyond the
decision about which behavior change techniques to include
in an intervention (2, 3). We consider all of the decisions to
represent valuable knowledge for the scientific community
and for intervention developers who like detailed background
about the conditions for (in)effectiveness of an intervention.
Consequently, all decisions that were made during intervention
development should be reported.

Hence, this article aims to provide a detailed, systematic
description of the design rationale behind an interactive
Web-based tailored intervention promoting HPV-vaccination
acceptability. This paper encompasses all decisions that were
made during the process of intervention development. A
systematically developed and well described intervention enables
the identification of active ingredients, improvement of existing
interventions, future intervention development, and large-scale
dissemination (1, 4). In addition, it facilitates comparison
between interventions, for example for reviews and replication
of studies (5-7). After all, the usefulness of systematic reviews
depends on the quality of the studies included (3). Finally, it
contributes to theory development by providing insight into
causal mechanisms (3, 4, 7-9). We used the Intervention
Mapping (IM) protocol, which provides a highly structured
approach in describing an intervention program and its
development (10).

METHODS

IM is a systematic process for developing theory- and
evidence-based health promotion interventions. The IM protocol
describes the pathways from problem identification to solution
(10). The six steps of IM comprises several tasks, each
of which integrates theory and evidence. The deliverable

of completing the tasks within a step serves as a guide
for the subsequent steps. Although IM is presented as a
series of steps, Bartholomew Eldredge et al. (10) emphasize
that the planning process is iterative instead of linear,
meaning that intervention planners move back and forth
between the various tasks and steps. By explicitly reporting
all decisions and considerations throughout the intervention
process, IM makes the intervention development process
transparent.

Step 1 concerns the conduction of a needs assessment and
formulation of the overall goals of the intervention. In this
step, the health problem, behavioral, and environmental causes
of this problem, and related determinants are identified. The
intervention goal is the desired outcome of the intervention.
In Step 2, performance objectives and change objectives
are formulated. Performance objectives (POs) specify the
(sub)behaviors that must be performed by the target group in
order to reach the intended goal. Change objectives (COs) outline
the specifics of behavioral determinants to be targeted so the
target group is enabled to reach the performance objectives. COs
are formed by crossing the POs with the determinants. This
results in a matrix which can be seen as the core of the design
rationale. Step 3 is about the design of the intervention program
in terms of generating program themes, components, scope and
sequence. The scope is the breadth and amount of the program
and the sequence is the order in which programs are delivered
across time. This step also includes the selection of theory-
based intervention methods and the translation of these methods
into practical applications, taking into account the parameters
for effectiveness of the these methods. In Step 4, the methods
and practical applications are being translated into a coherent
intervention program In Step 5, adoption, implementation,
and sustainability of the intervention in real-life settings are
planned. Finally, Step 6 entails the outline of the process and
effect evaluation. The steps and tasks of IM are visualized in
Figure 1.

RESULTS

Systematically walking through all of the steps of IM, resulted in a
detailed description of the intervention. This description, in turn,
provides insight into the theory- and research-based foundations
of the many decisions that were made during the process of
intervention development. Below, the study findings from each
step of IM are described.
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A »
Step 1: Logic Model of ~ « Establish and work with a planning group
the Problem + Conduct a needs assesment to create a logic model of the problem
+ Describe the context for the intervention including the population, setting and community
A4 + State program goals
Step 2: Program + State expected outcomes for behavior and environment
Outcomes and + Specify performance objectives for behavioral and environmental outcomes
Objectives; Logic + Select determinants for behavioral and environmental outcomes
Model of Change + Construct matrices of change objectives
v + Create a logic model of change
e Step 3: Program + Generate program themes, components, scope and sequence
-5 design + Choose theory- and evidence-based change methods
E v + Select or design practical applications to deliver change methods
<
-
= Step 4: Program + Refine program structure and organization
A Production *+ Prepare plans for program materials
+ Draft messages, materials, and protocols
v * Pretest, refine, and produce materials
Step 5: Program + Identify potential program users (implementers, adopters, and maintainers)
Implementation Plan + State outcomes and performance objectives for program use
+ Construct matrices of change objectives for program use
v + Design implementation interventions
Step 6: Evaluation + Write effect and process evaluation questions
Plan + Develop indicators and measures for assessment
+ Specify the evaluation design
v + Complete the evaluation plan
Implementation
FIGURE 1 | Intervention Mapping steps and tasks (adapted from Bartholomew Eldrigde and colleagues) (10).

IM Step 1: Needs Assessment

Worldwide, cervical cancer is the third most common cancer
among women (11). Persistent infection by the human
papillomavirus (HPV) appears to be the major cause of cervical
cancer (12). In the Netherlands, yearly 600 new cases of cervical
cancer are detected, of which 200 with fatal consequences (13).
This is despite the presence of a national cervical cancer screening
program for women aged 30-60 years (14). HPV-vaccinations
of 12-year-old girls were expected to reduce the number of
cervical cancer cases by 50% (13). Therefore, in 2008, the Dutch
government decided to include the HPV-vaccination of 12-year-
old girls in the National Immunization Program (NIP). However,
HPV-vaccine uptake remains lower (53%) than expected (70%)
(15). There is a need to improve this uptake is order to reduce
the cervical cancer burden. Therefore, the primary goal of the
intervention was to improve HPV-vaccination uptake among
invited girls.

Most studies have confirmed that parents play a large role
in decision-making about their daughters HPV-vaccination
[e.g., (16-18)]. A Dutch study showed mothers to play the
most important role in the immunization decision of girls.
There is a high percentage of consensus between mothers and
daughters (79%) about the outcome (19).Therefore, mothers
were selected as the target group for designing an educational
intervention for promoting the HPV-vaccination uptake by

their daughters In order to gain insight into determinants
of mothers’ HPV vaccination acceptability, we conducted a
longitudinal study (20). The results showed that intention was
the main and stable predictor of HPV vaccination uptake.
Intention, in turn, was best explained by attitude, behavioral
beliefs, subjective norms, habit, and perceptions about the relative
effectiveness of the vaccine, they explained 83% of the variance
in HPV-vaccination intention. Also relevant for the mothers’
intention were anticipated regret, risk perception, self-efficacy,
and knowledge. Additional determinants of HPV-vaccination
acceptability found by previous cross-sectional studies were
confidence in authorities, ambivalence, and processing of HPV-
vaccination education (19, 21).

Furthermore, research showed that a substantial proportion
of the mothers had not actively processed information about
the HPV-vaccination (50%) and still felt ambivalent after they
made their decision (25%) (19). This indicates that the mothers’
decision is based on rather unstable grounds, which makes
them vulnerable for arguments challenging their initial attitudes
and/or intention. Informed decision-making is expected to
make mothers less vulnerable for counter arguments (22, 23).
Furthermore, decisional conflict is strongly related to informed
decision-making, as one of the factors contributing to decisional
conflict is feeling uninformed (24). A more informed decision
is thus theoretically related to reduced decisional conflict (25).
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Hence, the secondary goal of the intervention is to improve
informed decision-making, reduce decisional conflict, and
positively influence determinants of HPV-vaccination uptake.

In the Netherlands, the existing education about the HPV-
vaccination consists of an introduction folder and a link
to a website providing generic information. All girls at the
age of 12 receive an invitation for the HPV-vaccination
with the accompanying brochure and link to the website.
But, this education needs to be improved because HPV-
vaccination uptake remains lower than expected (15). Besides,
Van Keulen et al. (19) showed that mothers indicated a need
for more interactive, personal information about the HPV-
vaccination over and above the general information. Mothers also
expressed differential needs concerning the amount and scope of
information. Topics of interest for future communication about
the HPV-vaccination as indicated by mothers were for example,
the pros and cons, potential long-term side effects, and the
safety and effectiveness of the HPV-vaccination (19). Regarding
the delivery mode of the information, mothers indicated a
preference for internet (19). These preferences guided our
decision to develop a web-based intervention, enabling us to
provide mothers with interactive, tailored information about the
HPV-vaccination (see Step 3).

IM Step 2: Program Outcomes and

Objectives

Program Outcomes

Based on the identified problem and needs we determined that
the primary outcome was to improve HPV-vaccination uptake
among invited girls and the secondary outcome was to strengthen
mothers” informed decision-making, reduce decisional conflict,
and positively influence determinants of the HPV-vaccination
decision. Below, we introduce POs, determinants of these POs,
and accompanying COs for each outcome.

Performance Objectives

The expected intervention outcomes were subdivided into POs.
The HPV-vaccination consists of two subsequent injections. In
other words, the behavior has to be repeated only once (with
an interval of 6 months). The POs are: (1) the mother makes
a (informed) decision to have her daughter vaccinated against
HPV; (2) the mother discusses her decision with her daughter
and partner; (3) the mother guides her daughter toward receiving
the first HPV-injection; (4) the mother guides her daughter
toward receiving the second HPV-injection.

Behavioral Determinants

For each PO, we identified the reasons why mothers would
take that action. These so called behavioral determinants were
based on theory (e.g., the theory of reasoned action and socio-
cognitive theory) (25, 26) and on empirical research (19, 20, 27).
We selected determinants that met the criteria of importance
and changeability (10). Importance of the determinants of PO
1 (i.e., deciding to get the HPV-vaccination) was based on the
association (i.e., R2 effect size) (28) of the determinants with
HPV-vaccination intention (21). For the POs 2-4 (i.e., discussing
the HPV-vaccination and actually getting the first and second

injection), importance was based on consensus among co-
authors (RR, TP, MP, and HvK). Changeability (i.e., the strength
of the evidence that the proposed change can be realized by the
intervention), was also based on consensus among co-authors
(RR, TP, MP, and HvK).

For the first PO, we returned to the needs assessment and
selected the following determinants: attitude, beliefs, positive,
and negative outcome expectancies, anticipated regret about
both receiving and rejecting the HPV-vaccination, confidence
in authorities, habit strength, risk perception having received
(no) HPV-vaccination, subjective, and descriptive norms, relative
effectiveness of the HPV-vaccination, ambivalence, and HPV-
vaccination information processing (19, 21). Furthermore,
according to Marteau et al. (27), an informed decision is based
on sufficient and relevant knowledge, and a match between the
person’s values (i.e., their attitude toward the HPV-vaccination)
and outcome behavior (i.e., whether mothers had their daughter
vaccinated against HPV or not). Consequently, knowledge was
selected as a determinant. Determinants that were selected
for PO2 were attitude (29), and self-efficacy (26). Selected
determinants for PO3 and PO4 were knowledge and beliefs
(26). Determinants that were not selected were considered
either unimportant (e.g., for PO1: self-efficacy) (19, 21) or
unchangeable (e.g., for PO2: parenting style).

Change Objectives

For each determinant, we identified COs. COs are the active
ingredients of the intervention and function as a blueprint of
the theoretical design rationale. Table 1 provides an overview of
examples of the matrix of COs, the complete version can be found
in Additional File 1.

IM Step 3: Program Design

Theme, Components, Scope and Sequence

The first task of Step 3 is to generate ideas for intervention
theme, components, scope, and sequence. The product of this
step is an initial plan that describes the program (10). We
decided the intervention to be Web-based (see Step 1). The
main theme of the intervention was “making an informed
decision about the HPV-vaccination of your daughter.” The
various components were logically clustered for improving
usability. This resulted in four menu options: (1) two-sided
information about the HPV-vaccination, (2) a decisional balance,
(3) practical information, and (4) frequently asked questions
(See Additional File 3 for screenshots of the four menus). The
first menu enabled mothers to collect tailored information
about the HPV-vaccination (e.g., such as information about the
effectiveness of the HPV-vaccination). The various components
were in line with mothers’ preferences as indicated by earlier
research (See “needs assessment”) (10). In the second menu,
mothers could weigh their personal values regarding the HPV-
vaccination in the form of a decisional balance and values
clarification tool. In the third menu, mothers could gather
practical information such as how and where to receive the HPV-
vaccination. The fourth menu listed frequently asked questions
about the HPV-vaccination. Here we also added a “problems with
the website” component, providing mothers with help.
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TABLE 1 | Examples of change objectives (COs).

Performance objective

Determinant

Knowledge

Attitude

Beliefs

Risk perception having
received no
HPV-vaccination

1. Mother makes the
(informed) decision to have
her daughter vaccinated
against HPV.

Mother explains that HPV is a
virus.

Mother explains that HPV is
transmitted sexually.

Mother explains that men can

Mother evaluates the
HPV-vaccination positively.
Mother recognizes the health
benefits of the
HPV-vaccination.

Mother recognizes the
importance of her daughter
receiving the HPV-vaccination
before they become sexually

Mother acknowledges the risk
of her daughter becoming
infected with HPV and
developing cervical cancer later
in life without the vaccination.

also be infected with HPV.

2. Mother discusses her
decision to have her daughter
vaccinated against HPV with
her daughter and partner.

3. Mother guides her
daughter toward receiving the
first HPV-injection.

4. Mother guides her
daughter toward receiving the
second HPV-injection.

Mother knows where to get the
first HPV-injection.

Mother knows where to get the
second HPV-injection.

Mother evaluates
communication with her
daughter and partner positively.

active (i.e., age 12).

Mother recognizes that the
vaccine has proven to be safe
and effective.

Mother recognizes that the
HPV-vaccination is most
effective when her daughter
gets fully vaccinated.

Furthermore, mothers were able to visit the intervention
multiple times. The first time they visited the website, they were
provided with an explanation of how the website worked. Then,
they were introduced to the first menu. We used a combination
of a freedom of choice and a tunneled design (i.e., a “hybrid
design”) to guide mothers through the website (30). This means
that mothers could choose themselves which component in
which menu they wanted to visit (i.e., freedom of choice design).
However, once they entered a component, they were guided
through it in “tunnel fashion,” with navigation being limited
to “next” and “prior” buttons. The reason for choosing such a
hybrid design is that we wanted to profit from the strengths
of both approaches (30). Specifically, the tunnel design was
expected to increase intervention adherence and engagement and
acquisition of knowledge (31). The freedom of choice design was
expected to promote mothers’ autonomy, which is important
when motivating behavior change (32, 33). Furthermore, the
hybrid design matched the differential needs concerning the
amount and scope of information expressed by the mothers (19).
Table 2 provides an overview of the scope and sequence of the
intervention.

Theoretical Methods and Practical Applications

To identify theoretical change methods that help achieve the
COs, we used an overview of methods provided by Bartholomew
et al. (chapter 6) (10). The eHealth setting gave us the chance to
apply effective strategies in an innovative way, namely by using
computer-tailoring and interactions with virtual assistants (see
sections below) (34). Computer-tailoring was selected as the main
theoretical framework for development. Tailoring is a health
communication strategy by which messages are individualized
to personal preferences and needs (35). Meta-analyses have

shown that tailored interventions are more effective than generic
interventions in achieving behavioral outcomes [e.g., (36, 37)].
Beneficial effects of tailoring are attributed to improved exposure,
information processing, appreciation, reading, and perceived
personal relevance [e.g., (38, 39)]. Because computer-tailored
interventions can reach large groups of people at relatively
low costs, especially when delivered via the Internet, (40),
they can have substantial impact at the population level (41).
Also, tailoring matches the mothers’ need for more interactive,
personal information about the HPV-vaccination (Step 1) (19).
Computer-tailored feedback was used in three different ways
throughout the intervention. First, it was used to tailor the
feedback on participants’ answers to statements and questions
about specific aspects of the HPV-vaccination. For instance,
mothers were first asked to estimate their daughters’ chance
to get an HPV-infection. Those who perceived this chance as
low, received feedback which stated that this chance is rather
high instead of low, whereas those who perceived the chance as
high, received feedback that confirmed that the chance is indeed
high. Second, computer tailoring was used to provide mothers
the opportunity to weigh their personal values regarding the
HPV-vaccination in a decisional balance. Another mean was the
“value clarification” tool [a motivational interviewing strategy;
cf. (32)]. Mothers were invited to list their central values for
life, and were stimulated to relate these to the decision about
vaccinating her daughter. Finally, computer-tailoring was used
for guiding mothers through the website. The intervention kept
track of the components that the mother had already visited
by using logs. This enabled us, for instance, to highlight parts
of the intervention which the mother had not seen yet. Also,
if mothers were exposed to information that had already been
discussed in another component, the intervention mentioned
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TABLE 2 | Scope (components and main targeted determinants) and sequence of
the intervention.

Menu? Component®: main targeted determinants

Information about the
HPV-vaccination

General information: knowledge

Facts and stories: beliefs, positive and negative outcome
expectancies

From HPV to cervical cancer: knowledge

Ways to protect against cervical cancer: relative
effectiveness

Side effects of the HPV-vaccination: negative outcome
expectancies

Importance vaccinating at young age: positive outcome
expectancies

Other mothers: descriptive norm
Working mechanisms vaccination: knowledge
Chance of getting HPV/cervical cancer: risk perception
having received (no) HPV-vaccination
Effectiveness and safety of the HPV-vaccination: beliefs,
positive outcome expectancies
Weighing up the pros
and cons

Decisional Balance: attitude, ambivalence
Values clarification: attitude, ambivalence

Practical information Talking about the HPV-vaccination: attitude, self-efficacy,

subjective norms

Where do | get the HPV-vaccination: knowledge,
planning, self-efficacy

2 instead of 3 HPV-injections: knowledge

Frequently asked Frequently asked questions about the HPV-vaccination:
questions n/a

Frequently asked questions about getting the
HPV-vaccination: n/a

Problems with the website: n/a

n/a, not applicable.
aWithin and across the different menus, a freedom of choice design was used.
PWithin the various components, a tunnel design was used.

this in order to assure that the connection between the different
types of information provided was clear.

We selected virtual assistants for delivering tailored feedback.
A virtual assistant is an embodied conversational agent defined
as a computer program with a human-like visual make-up and
appearance on a computer screen (42). Virtual assistants were
chosen to match the mothers’ preferences for more interactive
personalized feedback (19). They provide opportunities for two-
way interactions, and can create a highly personal experience.
Also, research has indicated that a social relationship between
user and program is important (43, 44), as it supports the
basic psychological need for relatedness (33, 45). This can be
established by using virtual assistants (46-48). Also, several
studies confirmed that the presence of a virtual assistant can
further improve the effectiveness of the intervention (49-51).
Specifically, the added value of using a virtual assistant over a text
and picture-based website is that it improves recall of information
(52), transfer of learning (53), amount of learning (54), self-
efficacy expectations, literacy, and behavior change (49, 50, 55). In
addition, the mere presence of such an animated interface agent

has a positive effect on experiencing fun and engagement [e.g.,
(47, 50, 56)]. Two virtual assistants were visualized: a mother-like
and a female doctor-like assistant as the combination of using an
expert and a peer virtual assistant has been shown to be effective
(57, 58). The main purpose of the virtual assistants was to
provide mothers with social support, which is an important factor
associated with positive health outcomes in general (59). The
mother-like assistant was used to guide mothers throughout the
website and helped weigh their personal values in the decisional
balance. The doctor-like assistant was used to deliver feedback
about the HPV-vaccination.

Table 3 provides examples of theoretical methods (column
2) for determinants identified in IM step 2 (column 1) for
PO1 (i.e., mother makes the informed decision to have her
daughter vaccinated against HPV). For each method, parameters
for effectiveness were specified (column 3). We then translated
theoretical methods into practical applications (column 4) that
were appropriate for the population and the (Internet) setting.
In Additional file 2, we also specify which POs and COs were
targeted using which methods and applications in the various
components. This can be seen as the most straightforward
blueprint of the intervention. All COs were covered by the
intervention.

The most important method aiming to reduce decisional
conflict was the decisional balance (see Figure2), which has
proved a quick and efficient intervention by itself (63). Mothers
were presented with a list of pros and cons of the HPV-
vaccination by the mother-like assistant (left column). This list
was based on pros (e.g., “the HPV-vaccination decreases the
chance of my daughter getting cervical cancer”) and cons (e.g.,
“my daughter is too young to receive the HPV-vaccination”) that
were considered most important to the mothers as indicated
by the needs assessment (Step 1). For each pro or con,
they indicated (1) whether they agreed (disagree/neutral/agree;
middle column) and (2) how important the pro or con was to
them (unimportant/neutral/important; third column). The latter
was indicated by stars: the more stars, the more important the pro
or con was to the mother. When mothers (dis)agreed, tailored
feedback “popped up.” This was done to ensure mothers based
their answer on correct information (see Figure 2). Furthermore,
mothers were given the option to add pros and cons that
were not in the list. Based on pros and cons mothers marked
as most salient, a decisional balance (top right of the screen)
revealed their current position on a scale ranging between not-
wanting (left side) and wanting (right sight) to get their daughter
vaccinated.

IM Step 4: Program Production

We developed the intervention using Tailorbuilder® software.
The virtual assistants were developed by a company called
“Webspeaking.” Individual responses and routing were linked to
written and spoken feedback messages by means of computer
software using if-then algorithms. The website was made
available on computers and tablets and was OS-platform
independent. Using an online questionnaire, mothers (N = 375)
were asked about the preferred graphical appearance of the
intervention (including the name of the intervention, the
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TABLE 3 | Examples of selected methods, strategies, parameters and strategies for Performance Objective 1 “mother makes the (informed) decision to have her
daughter vaccinated against HPV.”

Determinants

Theoretical method

Parameter for use

Practical application

Beliefs, positive and
negative outcome
expectancies

Attitude, ambivalence

Attitude, ambivalence

Risk perception having
received (no)
HPV-vaccination

Belief selection (TRAZ)
Active learning (ELMb)

Decisional Balance
(MI°)

Value Clarification (MIC)
Modeling (SCTY)

Statistical risk
information (HBM®)
Consciousness raising
(HBM®)

Framing (PMTf)

Requires investigation of the current attitudinal,
normative and efficacy beliefs of the individual
before choosing the beliefs on which to
intervene

Requires time, information and skills

Requires consideration and evaluation of
behavior

Requires consideration and evaluation

of values Attention, resemblance, self-efficacy
and skills, reinforcement of the model,
identification with the model, coping model
instead of mastery model.

Can use feedback and confrontation; however,
raising awareness must be quickly followed by
increase in problem-solving ability and
self-efficacy.

Requires high self-efficacy expectations. Gain
frames are more readily accepted and prevent

“Facts & Stories”: mother is asked by the mother-like
assistant to indicate for various statements, whether they
are either a “fact” (true) or a “story” (false).Then, the
doctor-like virtual assistant elaborates on correct
outcome expectancies, beliefs, misperceptions and
omissions.

“Weigh up the pros against the cons”: Mothers are
presented with a list of pros and cons of the
HPV-vaccination by the mother-like assistant. Based on
pros and cons mothers marked as most salient, a
decisional balance reveals their current position on a
scale ranging between wanting and not-wanting to get
my daughter vaccinated.

“What are your values?”: Mothers are invited to list their
central values for life. Optional, they can find examples of
values of other mothers (e.g., being a good parent). They
will then be stimulated to relate these to the
HPV-vaccination. Here, examples of how these values
were related to the HPV-vaccination according to other
mothers, were available.

Mother-like assistant asks about mothers’ perceived risk
perception of her daughter getting infected with HPV and
of her daughter developing cervical cancer. Tailored
feedback on this perceived risk is then given by the
doctor-like assistant. Finally, mothers are provided with
statistical risk information (i.e., the probability rates of

defensive reactions

attracting HPV and cervical cancer).

aTRA, theory of reasoned action (29).
bE| M, elaboration likelihood model (60).
SMI, motivational interviewing (32).
9SCT, social cognitive theory (26).
CHBM, health belief model (61).

"PMT, protection motivation theory (62).

voices and appearances of the virtual assistants). A text-editor
rephrased the written and spoken texts in order to maximize
comprehensibility. A graphic designer made the website design
and provided us with appropriate pictures to illustrate feedback,
in order to make the website more appealing for this target group
(See Figure 3 for an example).

Experimental Pre-testing and Pilot-Testing of
Prototypes

In order to anticipate an intervention that meets the
requirements and preferences of the target group, we followed
user-centered design procedures. This entails the iterative
involvement of the end-users in the design process (64). We
gathered feedback on different versions (static and interactive)
or (parts of the) intervention, by online experimental pretests
and focus groups, respectively. Experimental pretesting
offers empirical support for the impact of strategies on
determinants and serves as a guarantee for implementing
adequate intervention materials (65, 66). We conducted three
experimental online pretests. Since we did not find a clear
consensus in the literature about the framing of risks, the
first experiment (N = 375) was about testing the differential
effect of providing statistical (i.e., probability rates) or/and

narrative risk information (i.e., a personal story). Mothers were
randomly assigned to one of four conditions in a 2 (statistical
information: yes or no) x 2 (narrative information: yes or no)
between-subjects factorial design. ANOVA revealed a significant
main effect of statistical information on daughters’ perceived
susceptibility toward HPV [F(; 371y = 7.56, p < 0.01]. Mothers
who received statistical risk information had a higher perceived
daughters’ susceptibility toward HPV (M = 4.11 on a 7-point
scale, SD = 0.10) than mothers who did not receive statistical
risk information (M = 3.73 on a 7-point scale, SD = 0.09). Thus,
statistical risk information seemed most effective. We therefore
decided to include statistical risk information to target risk
perception with this intervention (Step 3).

In a second online experimental pretest (N = 561), we
explored the best way to communicate about social norms; by
providing negatively (i.e., discourage undesired behavior) vs.
positively (i.e., encourage desired behavior) framed descriptive
and/or subjective norms (67). It was suggested that the
descriptive norm should be avoided in situations where the
unhealthy behavior is prevalent (68). As for the HPV-vaccination,
39% of invited girls have not received the HPV-vaccination (15).
Therefore, we also wanted to examine whether communicating
a descriptive norm could have a potential adverse effect on
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Als mijn dochter zich laat inenten
tegen HPV, dan zal zij in de toekomst
onveilig vrijen.

Als de overheid meisjes laat inenten
tegen HPV dan ga ik er vanuit dat de
inenting veilig is voor mijn dochter.

Mijn dochter is nog niet seksueel
actief, dus hoeft ze van mij de HPV-
inenting niet te krijgen

Mijn dochter is al een tijd lang
seksueel actief is, dus heeft het geen
zin meer om haar te laten inenten
tegen HPV.

De HPV-inenting verkleint de kans dat
mijn dochter later
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De meeste moeders in mijn omgeving
laten hun dochter ook inenten tegen
HPV.
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FIGURE 2 | Screenshot of the decisional balance with a tailored pop-up and the mother-like virtual assistant on the website. *The plan for the decisional balance was

12 jaar lijkt inderdaad jong. Uit onderzoek is
gebleken dat de inenting het beste werkt nog
véobrdat uw dochter met het virus in aanraking
komt. Dus ruim voordat zij seksueel actief
wordt.
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HPV-vaccination acceptability. Mothers were randomized into
one of four conditions in a 2 (norm: injunctive vs. descriptive) x
2 (frame: positive vs. negative) between subjects factorial design
with an additional control condition. We found no indication for
using one type of framing norms over the other (p’s > 0.05; mean
HPV-vaccination intention scores ranging from 5.51 to 5.77, on
a 7-point scale). We also did not find any adverse effects of
descriptive norms on HPV-vaccination acceptability (p > 0.05).
As negatively framed norms were expected to be more difficult
to process (69), we decided to just include positively framed
descriptive norm by communicating about the national HPV-
vaccination uptake rate. Within the component “talking about
the HPV-vaccination,” mothers were taught how to deal with a
potential contrasting subjective norm of important others (e.g.,
their daughter and partner).

Finally, being a relatively new vaccine, there remains
uncertainty about potential long-term effects of the HPV-
vaccination. This was also found to be a topic of interest among
mothers for future communication (19). Therefore, in a third

experimental pretest (N = 695), we investigated the effects of
acknowledging vs. ignoring uncertainty about potential long-
term effects of the HPV-vaccination. Mothers were randomly
assigned to one of two conditions in which uncertainty about
the HPV-vaccination was either (a) acknowledged or (b) ignored.
Results showed that, compared to mothers who were exposed
to information ignoring uncertainty, mothers who were exposed
to information acknowledging uncertainty experienced more
decisional conflict (acknowledged: M = 3.42, SD = 1.84, p < 0.01
vs. ignored: M = 3.05, SD = 1.74), were more ambivalent about
their decision (acknowledged: M = 4.04, SD = 1.86 vs. ignored:
M = 3.42, SD = 1.89, p < 0.001), and had a less positive attitude
(acknowledged: M = 5.07, SD = 1.50 vs. ignored: M = 5.69,
SD = 1.38, p < 0.01) and intention (acknowledged: M = 5.26,
SD = 1.73 vs. ignored: M = 5.85, SD = 145, p < 0.01).
These findings implicate not to communicate about long-term
uncertainties. However, we chose to do so in the intervention,
for the following reasons: first, the found effect sizes were
small. Second, not communicating about long term uncertainties
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FIGURE 3 | Screenshot of the doctor-like assistant providing feedback about the ineffectiveness of having a healthy life style (e.g., healthy eating, exercising) in
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brings along the risk of mothers searching information about
this elsewhere. This can be quite dangerous as many rumors
about potential long-term effects, for which no prove exists,
can be found (e.g., on the Internet) (70). Reading these (false)
rumors without any refutation being offered aside (71), could
have more detrimental effects on HPV-vaccination acceptability
than when we ourselves provide the (correct) information.
The latter enables us to inoculate mothers with arguments
that become accessible in case they are confronted with (new)
information that might challenge their initial positive intentions
(i.e., psychological inoculation) (22, 23). Finally, mothers
themselves expressed a need for full disclosure, especially when
uncertainties were ignored, which was also found in a previous
study (19).

At a later stage, we conducted several focus groups (N = 3)
among mothers to test interactive prototypes of the intervention
to ensure compatibility with the preferences of the target
group. A first prototype of the intervention was tested in two
focus groups. After we revised the prototype according to the
feedback from these two focus groups, a second prototype of the
intervention was tested in a third focus group. The protocol was

similar for all focus groups: after a general introduction, mothers
were given a laptop and headset to individually navigate through
the website. They were given the opportunity to give feedback
on every page of the website about features they (dis)liked (e.g.,
the “look and feel” of the page(s), and the tailored feedback
of the virtual assistants). Then, they were asked to fill out a
written questionnaire assessing their subjective evaluation of the
virtual assistants (e.g., the extent to which feedback matched their
responses) and the website (e.g., their evaluation of the different
menus). Finally, in a group discussion mothers could elaborate
on their opinion about the intervention, and offer suggestions for
improvement.

Feedback was first gathered from the first two focus groups.
For instance, in the first prototype, there was a component
targeting anticipated regret by using imagery (72, 73). Mothers
were asked how much regret they would have if they did
not vaccinate their daughter against HPV and their daughter
developed cervical cancer later in life. However, we discovered
that asking this evoked much resistance. We therefore decided to
remove this component from the intervention. As an alternative,
we decided to target anticipated regret indirectly (e.g., by giving
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information about the high prevalence of HPV). Furthermore, in
the first prototype, the written and spoken tailored feedback were
provided at the same time. Mothers indicated that, therefore,
they experienced difficulties listening to the virtual assistant.
Hence, we created a new prototype, in which the written feedback
appeared once the virtual assistant was done providing the
tailored feedback.

In the third focus group, mothers indicated that they would
like to see which components they had already visited. We
therefore created an adapted version of the website in which
logs were used to register the pages mothers had already
visited and subsequently used these logs to visualize which
components were completed. This was done by turning them
into a different color (i.e., orange, see Figure4) In addition,
the mother-like virtual assistant was used to give advice about
components to visit next, in order to maximize exposure to the
intervention. If the virtual assistant advised on a component,
the component was highlighted by an orange circle (see
Figure 4).

After revising the intervention according to the feedback from
the third focus group, a final prototype was pilot-tested online
using various devices to ensure it worked adequately. This was
done among a sample of mothers (N = 10) and among members
of the project group.

IM Step 5: Designing an Implementation

Plan

To ensure future implementation and adoption of the
intervention (step 5), we formed an advisory board of
representatives of important linking agents (e.g., Public
Health Services) and professionals involved in delivering the
HPV-vaccination. We organized two advisory board meetings;
they advised on the experimental pretesting, practicability,
and feasibility of the intervention, the planned effect- and
process evaluation, and implementation of the intervention
within the NIP. The National Institute for Public Health
and the Environment (RIVM), responsible for the national
implementation of HPV-vaccination, was co-financier of the
project and full member of the project team. RIVM would
get full control and management over the website if the final
intervention turned out to be effective.

IM Step 6: Creating an Evaluation Plan

In order to evaluate the efficacy and effectiveness of the
intervention, we planned a randomized controlled trial (RCT).
The RCT consisted of 2 arms: (1) a control and (2) intervention
group. Mothers were randomly recruited from Praeventis, the
Dutch National Immunization Register, and three Internet
panels. The latter was to guarantee a suitable subsample for the
planned efficacy trial (21The Praeventis sample enabled us to
anticipate the naturalistic condition for future implementation of
the intervention, which provided the opportunity for testing the
intervention’s effectiveness. The primary outcome measure was
HPV-vaccination uptake, as registered by Praeventis Secondary
measures were informed decision-making, decisional conflict,
and determinants of HPV-vaccination acceptability. These were
measured using a Web-based questionnaire.

Part of the RCT was a process evaluation assessed program
adherence and the users’ subjective program evaluation. At
follow up, participants evaluated the information provided by
the website (e.g., relevance, credibility), perceived user control
(e.g., experienced degree of autonomy) and the functioning of
the virtual assistants (e.g., fun, reliability). Mothers were also
asked to rate the website and the virtual assistants on a 10-
point scale, ranging from 0 (very bad) to 10 (excellent). Objective
program use was evaluated by the logs keeping track of the
pages the mothers” has visited. Two indicators were computed:
“completeness” and “time.” Completeness represents the total
percentage of pages that a participant has visited while logged
into the website, ranging from 0% (no exposure) to 100%
(exposure to all pages). Time represents the total amount of time
participants have spent logged into the intervention.

Results from the RCT are described in detail elsewhere
(74). The main finding from the effect evaluation was that the
intervention showed a significant positive effect on informed
decision-making, decisional conflict, and nearly all determinants
of HPV-vaccination uptake (P < 0.001). No differences in
intervention effects were found between the two differential
samples. The main finding from the process evaluation was that
mothers evaluated the intervention as highly positive: mothers
evaluated the website with a 7.6 (SD = 1.36) and the virtual
assistants with a 7.4 (SD = 1.53). According to the computer logs,
2,509 (63%) of the 3,995 (100%) invited mothers logged on to the
website. On average, mothers spent 22 minutes on the website
(SD = 13 min).

DISCUSSION

In this article, we have provided a comprehensive and detailed
description of how we systematically developed an intervention
promoting HPV-vaccination acceptability using the IM protocol.
This led to a highly innovative, interactive, Web-based, tailored
intervention, in which tailored feedback was delivered by virtual
assistants. Tailoring has only recently been applied to HPV-
vaccination (57, 75-77). To our knowledge, only one of the
existing tailored interventions was computer-tailored and this
intervention turned out to be ineffective in promoting HPV-
vaccination acceptance (75). Moreover, not only did we tailor the
content of the intervention to the mothers’ personal interest, but
tailoring was also used to guide the mothers” personal pathway
through the intervention. The latter is likely to have improved
the usability of the intervention. The intervention accounted for
tailoring on a variety of determinants. For example, not only
did we tailor on perceived barriers (e.g., beliefs about adverse
effects), like Gerend et al. (76) did, but also on other beliefs (e.g.,
beliefs about the daughters’ sexual behavior and age in relation
to the need for the HPV-vaccination), attitude, subjective norms,
habit, relative effectiveness, anticipated regret, risk perception,
self-efficacy, and knowledge. The use of virtual assistants in
interventions promoting HPV-vaccination acceptance seems
promising since results from the focus groups (Step 4) and
the subjective program evaluation (74) showed that mothers
appreciated them very well. But, we still consider the use of virtual
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assistants to be complex, especially in Web-based interventions
in which both spoken and written feedback/information are
provided.

The intervention appeared effective in promoting HPV-
vaccination acceptability and informed decision-making, and
appeared to have potential for broad scale dissemination and
implementation (74). This intervention blueprint will aid in
interpreting the results of our evaluation studies (74). In addition,
it provides insight into causal mechanisms, which contributes
to theory development (3, 4, 7-9). Moreover, it will ease the
comparison of design rationales across interventions (e.g., for
reviews and replication of studies) (5-7). Finally, it provides leads
for the development of other eHealth interventions (1, 4).

Advantages of IM

We believe that using IM greatly contributed to the intervention
being effective in promoting HPV-vaccination acceptability and
informed decision-making among mothers of invited girls.
First, by developing the intervention in a systematic manner,

we ensured a solid theoretical and empirical foundation for
the intervention [cf. (10)]. For decisions to be made about
methods/applications that lack a solid ground of consensus in
the research literature, we were able to pre-test the impact
of alternative prototypes before finalizing and testing the full
operational intervention.

Furthermore, according to IM, it is imperative that members
of the target group are involved in the development of
the intervention (10). However, currently, in many eHealth
interventions, the design of the intervention is based on
assumptions that are not validated with input from end-users.
In fact, the importance of formative research and pretesting of
materials is often being overlooked. The resulting intervention
may therefore lack key features, and subsequent evaluations
of the effectiveness of the interventions may be compromised
(78). Therefore, we applied a user-centered design by extensively
involving mothers in the intervention development from the
beginning to the end (64). This was done by conducting focus
groups and online experimental pretests, in which we gathered

Frontiers in Public Health | www.frontiersin.org

166 September 2018 | Volume 6 | Article 226


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Pot et al.

Developing an Intervention Promoting HPV-Vaccination

feedback from representatives of the target group. This iterative
process of development and feedback guided our attempt to
gradually improve the solution we had to offer for reaching the
intended objectives. In other words, erroneous or inconclusive
decisions can thoughtfully be changed or reversed in order
to prevent the final intervention from being at odds with the
objectives set beforehand. An example illustrating this is our
decision to remove a component targeting anticipated regret
from the intervention as it clearly evoked resistance as shown by
the focus groups. Based on the feedback from the focus groups
(Step 4), we changed the method targeting anticipated regret
(Step 3), and pretested the intervention again (Step 4). Thus, we
moved back and forth between the steps. Furthermore, not only
did we fine-tune the content of the intervention to the mothers’
preferences, but also the design of the website was chosen by
the mothers. Hence, we adapted the entire intervention to the
requirements and preferences of the mothers.

Next to maximizing the likelihood of success, using IM
has made the process of intervention development explicit
and transparent, providing a road map of the decision-making
process and its main outcomes. This will suit the interpretation of
strengths and weaknesses of the intervention when looking at the
results from the outcome evaluation (Step 6) (74). It also enables
the owner to improve the intervention where necessary and
others to replicate the steps described when developing a similar
intervention for different populations and/or settings (79).

Design Rationales in eHealth

Recently, it has been argued that eHealth researchers should
publish descriptions of interventions and results from evaluation
studies separately in order to gain a better understanding of
what exactly is being evaluated, facilitate comparison between
interventions, and extend the evidence base for the development
of future interventions (80, 81). The current paper complies
to this call and adds to the plea for systematic and detailed
descriptions of design rationales in the eHealth field. Systematic
descriptions may improve the quality of future systematic reviews
that assess the link between design features and outcomes of an
intervention (6, 82, 83). These reviews, in turn, can be used as a
guide for eHealth researchers in designing future interventions
with improved efficacy, reach, and user acceptability (81).

Limitations

Although we believe that using IM has greatly contributed to
the intervention being effective in promoting HPV-vaccination
acceptability, we agree with other authors that IM is a
complex and time-consuming process (84-86). However, we
are convinced that the development of the intervention was
brought to a higher level by IM. Moreover, we believe that the
experience we gained may improve efficacy of the process and

REFERENCES

1. Kok G, Mesters I. Getting inside the black box of health promotion
programmes using intervention Mapping. Chronic Illn (2011) 7:176-80.
doi: 10.1177/1742395311403013

make it less time-consuming in future intervention development.
We can profit from this experience when developing similar
interventions for a different population (e.g., an intervention
promoting HPV-vaccination among Dutch boys).

Conclusion

In this article, we provide a detailed, comprehensive description
of how we systematically developed an intervention promoting
HPV-vaccination acceptability. Using IM led to an innovative and
effective intervention using interactive Web-based computer-
tailored education. This intervention blueprint will aid in
interpreting the results of our evaluation studies. Moreover, it
will ease comparisons of design rationales across interventions,
and may provide leads for the development of other eHealth
interventions. Overall, this paper adds to the plea for systematic
reporting of design rationales constituting the process of
developing interventions, and the development of a cumulative
science of interventions in the eHealth field.

ETHICS STATEMENT

The study was approved by the Medical Ethical Committee
(METC), the ethical committee of the VU Medical Center in
Amsterdam. Informed consent was provided online for the
online studies (i.e., the three experimental pretests, the online
focus group and the RCT). For the focus groups, participants
provided written consent.

AUTHOR CONTRIBUTIONS

MP contributed to study conception and design, acquisition
of data, analysis, and interpretation of data, and drafting of
manuscript. HvK, TP, and RR contributed to study conception
and design, interpretation of data and revising the manuscript
critically. AH and HdM contributed to study conception and
design and revising the manuscript critically. HvV critically
revised the manuscript. All authors approved the final version of
the manuscript to be published.

FUNDING

ZonMw (The Netherlands Organization for Health Research and
Development) supports this study (grant-number: 50-51515-
98-259).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2018.00226/full#supplementary-material

Schaalma H, Kok G. Decoding health education interventions: The times
are a-changin. Psychol Health (2009) 24:5-9. doi: 10.1080/088704409031
26348

Dombrovski SU, Sniehotta FE, Avenell A, Coyne JC. Towards a cumulative
science of behaviour change: do current conduct and reporting of behavioural

Frontiers in Public Health | www.frontiersin.org

167

September 2018 | Volume 6 | Article 226


https://www.frontiersin.org/articles/10.3389/fpubh.2018.00226/full#supplementary-material
https://doi.org/10.1177/1742395311403013
https://doi.org/10.1080/08870440903126348
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Pot et al.

Developing an Intervention Promoting HPV-Vaccination

interventions fall short of best practice? Psychol Health (2007) 22:869-74. 22. McGuire W]J. Inducing resistance to persuasion: some contemporary
doi: 10.1080/08870440701520973 approaches. In: Berkowitz L, editor. Advances in Experimental Social
4. Bartholomew LK, Mullen PD. Five roles for using theory and evidence in the Psychology (Vol. I). New York, NY: Academic Press (1964). p. 191-229.
design and testing of behavior change interventions. J Public Health Dent. 23. Paulussen TG, Hoekstra F, Lanting CI, Buijs GB, Hirasing RA. Determinants
(2011) 71(Suppl. 1):S20-33. doi: 10.1111/j.1752-7325.2011.00223.x of Dutch parents’ decisions to vaccinate their child. Vaccine (2006) 24:644-51.
5. Riley WT, Rivera DE, Atienza AA, Nilsen W, Allison SM, Mermelstein R. doi: 10.1016/j.vaccine.2005.08.053
Health behavior models in the age of mobile interventions: are our theories 24. O’Connor AM, Jacobsen M]J, Stacey D. An evidence-based approach to
up to the task? Transl Behav Med. (2011) 1:53-71. doi: 10.1007/s13142-011- managing women’s decisional conflict. ] Obstet Gynecol Neonatal Nurs. (2002)
0021-7 31:570-81. doi: 10.1111/j.1552-6909.2002.tb00083.x
6. Gardner B, Whittington C, McAteer ], Eccles MP, Michie S. Using 25. Biesecker BB, Schwartz MD, Marteau TM. Enhancing informed choice to
theory to synthesise evidence from behaviour change interventions: undergo health screening: a systematic review. Am J Health Behav. (2013)
the example of audit and feedback. Soc Sci Med. (2010) 70:1618-25. 37:351-9. doi: 10.5993/AJHB.37.3.8
doi: 10.1016/j.socscimed.2010.01.039 26. Bandura A. Social Foundations of Thought and Action: A Social Cognitive
7. Webb TL, Joseph ], Yardley L, Michie S. Using the internet to promote health Theory. New York, NY: Prentice Hall (1986).
behavior change: a systematic review and meta-analysis of the impact of ~ 27. Marteau TM, Dormandy E, Michie S. A measure of informed choice. Health
theoretical basis, use of behavior change techniques, and mode of delivery on Expect. (2001) 4:99-108. doi: 10.1046/j.1369-6513.2001.00140.x
efficacy. ] Med Internet Res. (2010) 12:e4 doi: 10.2196/jmir.1376 28. Cohen, J. Statistical Power Analysis for the Behavioral Science. Hillsdale, NJ:
8. Peters G-JY, de Bruin M, Crutzen R. Everything should be as simple as Lawrence Erlbaum Associates, Publishers (1988).
possible, but no simpler: towards a protocol for accumulating evidence 29. Fishbein M, Ajzen 1. Predicting and Changing Behavior: The Reasoned Action
regarding the active content of health behavior change interventions. Health Approach. New York, NY: Taylor & Francis (2010).
Psychol Rev. (2013) 9:1-14. doi: 10.1080/17437199.2013.848409 30. Danaher BG, McKay HG, Seeley JR. The information architecture of behavior
9. Michie S, Abraham C. Advancing the science of behaviour change: change websites. ] Med Internet Res. (2005) 7:e12. doi: 10.2196/jmir.7.2.e12
A plea for scientific reporting. Addiction (2008) 103:1409-10. 31. Crutzen R, Cyr D, De Vries NK. The role of user control in adherence to
doi: 10.1111/j.1360-0443.2008.02291.x and knowledge gained from a website: randomized comparison between a
10. Bartholomew Eldrigde LK, Markham CM, Ruiter RAC, Fernandez, ME, Kok tunneled version and a freedom-of-choice version. | Med Internet Res. (2012)
G, Parcel, GS. Planning Health Promotion Programs: An Intervention Mapping 14:e45. doi: 10.2196/jmir.1922
Approach. 4th ed. Hoboken, NJ: Wiley (2016). 32. Miller WR, Rollnick S. Motivational Interviewing: Helping People Change 3rd
11. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates ed. New York, NY: Guilford Press (2013).
of worldwide burden of cancer in 2008. Int ] Cancer (2010) 127:2893-917. 33. Ryan RM, Lynch ME, Vansteenkiste M, Deci EL. Motivation and autonomy in
doi: 10.1002/ijc.25516 counseling, psychotherapy, and behavior change: a look at theory and practice.
12. Schiffman M, Castle PE. Human papillomavirus: epidemiology and public Couns Psychol. (2011) 39:193-260. doi: 10.1177/0011000009359313
health. Arch Pathol Lab Med. (2003) 127:930-4. doi: 10.1043/1543 34. Noar SM. eHealth Applications: Promising Strategies for Behavior Change. New
2165(2003)127<930:HPEAPH>2.0.CO;2 York, NY: Routledge (2012).
13. Gezondheidsraad. Vaccinatie Tegen Baarmoederhalskanker. Den Haag: 35. Kreuter MW, Wray R]. Tailored and targeted health communication:
Gezondheidsraad (2008). Strategies for enhancing information relevance. Am J Health Behav. (2013)
14. Braspenning ], Tacken M, Penders A, Van den Hoogen H, De Bakker 27:5227-32. doi: 10.5993/AJHB.27.1.53.6
D. Opkomst bevolkingsonderzoek baarmoederhalskanker, 1997-1999. TSG 36. Lustria ML, Noar SM, Cortese ], Van Stee SK, Glueckauf RL, Lee J. A meta-
(2001) 6:341-5. analysis of web-delivered tailored health behavior change interventions.
15. van Lier EA, Geraedts JLE, Oomen PJ, Giesbers H, van Vliet JA, Drijfhout ] Health Commun. (2013) 18:1039-69. doi: 10.1080/10810730.2013.
IH, et al. Vaccinatiegraad en Jaarverslag Rijksvaccinatieprogramma Nederland 768727
2016 (2017). Available online at: https://www.rivm.nl/dsresource?objectid= 37. Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored
2807c63f-3223-4f2e-b488-7e3126b03072&type=pdf&disposition=inline interventions for health behavior change. Prev Med. (2010) 51:214-21.
(Accessed February 27, 2018). doi: 10.1016/j.ypmed.2010.06.004
16. Brewer NT, Fazekas KI: Predictors of HPV vaccine acceptability: a 38. Brug J, Oenema A, Campbell M. Past, present, and future of computer-
theory informed, systematic review. Prev Med. (2007) 45:107-14. tailored nutrition education. Am ] Clin Nutr. (2003) 77:1028-34S.
doi: 10.1016/j.ypmed.2007.05.013 doi: 10.1093/ajcn/77.4.1028S
17. Gerend MA, Weibley EBS, Bland HMD: Parental response to human 39. Ruiter RA, Kessels LT, Jansma BM, Brug J. Increased attention for computer-
papillomavirus vaccine availability: uptake and intentions. | Adolesc Health tailored health communications: an event-related potential study. Health
(2009) 45:528-31. doi: 10.1016/j.jadohealth.2009.02.006 Psychol. (2006) 25:300-6. doi: 10.1037/0278-6133.25.3.300
18. Dahlstrom LA, Tran TN, Lundholm C, Young C, Sundstrom K, Sparten P. 40. Neville LM, O’Hara B, Milat AJ. Computer-tailored dietary behaviour change
Attitudes to HPV-vaccination among parents of children aged 12-15 years interventions: a systematic review. Health Educ Res. (2009) 24:699-720.
- a population-based survey in Sweden. Int | Cancer (2010) 126:500-7. doi: 10.1093/her/cyp006
doi: 10.1002/ijc.24712 41. Noar SM, Benac CN, Harris MS. Does tailoring matter? Meta-analytic review
19. Van Keulen HM, Fekkes M, Otten W, Van der Pal S, Kocken P, Ruiter R, en of tailored print health behavior change interventions. Psychol Bull. (2007)
Paulussen TGWM. Onderzoek naar de HPV-Vaccinatiebereidheid bij Moeders 133:673-93. doi: 10.1037/0033-2909.133.4.673
en Dochters Naar Aanleiding van de Inhaalcampagne in Nederland. A study 42. Van Vugt HC. Embodied Agents from a User’s Perspective. dissertation
Into Willingness of Mothers and Daughters to be Vaccinated Against HPV Amsterdam: Vrije Universiteit Amsterdam (2008).
Within the Framework of the Catch-Up Campaign in the Netherlands. Report 43. Bickmore TW, Picard RW. Establishing and maintaining long-term human-
KvL/GB. TNO (2010). computer relationships. ACM Trans Comput-Hum Interact. (2005) 12:293-
20. Pot M, Van Keulen HM, Ruiter RAC, Eekhout I, Mollema L, Paulussen 327. doi: 10.1145/1067860.1067867
TWGM. Motivational and contextual determinants of HPV-vaccination 44. Okun BF. Effective Helping: Interviewing and Counseling Techniques 7th ed.
uptake: a longitudinal study among mothers of girls invited for the HPV- Belmont, CA: Thomson Brooks/Cole (2008).
vaccination. Prev Med. (2017) 100:41-9. doi: 10.1016/j.ypmed.2017.04.005 45. Ryan RM, Patrick H, Deci EL, Williams GC. Facilitating health
21. Van Keulen HM, Otten W, Ruiter RAC, Fekkes M, Van Steenbergen J, behaviour change and its maintenance: interventions based on
Dusseldorp E, et al. Determinants of HPV-vaccination intentions among self-determination theory. Eur Health Psychol. (2008) 10:2-5.
Dutch girls and their mothers: a cross-sectional study. BMC Public Health 46. Baylor AL: The design of motivational agents and avatars. EtréD-Educ
(2013) 3:111. doi: 10.1186/1471-2458-13-111 Technol Res Dev. (2011) 59:291-300. doi: 10.1007/s11423-011-9196-3
Frontiers in Public Health | www.frontiersin.org 168 September 2018 | Volume 6 | Article 226


https://doi.org/10.1080/08870440701520973
https://doi.org/10.1111/j.1752-7325.2011.00223.x
https://doi.org/10.1007/s13142-011-0021-7
https://doi.org/10.1016/j.socscimed.2010.01.039
https://doi.org/10.2196/jmir.1376
https://doi.org/10.1080/17437199.2013.848409
https://doi.org/10.1111/j.1360-0443.2008.02291.x
https://doi.org/10.1002/ijc.25516
https://doi.org/10.1043/1543 2165(2003)127<930:HPEAPH>2.0.CO;2
https://www.rivm.nl/dsresource?objectid=2807c63f-3223-4f2e-b488-7e3126b03072&type=pdf&disposition=inline
https://www.rivm.nl/dsresource?objectid=2807c63f-3223-4f2e-b488-7e3126b03072&type=pdf&disposition=inline
https://doi.org/10.1016/j.ypmed.2007.05.013
https://doi.org/10.1016/j.jadohealth.2009.02.006
https://doi.org/10.1002/ijc.24712
https://doi.org/10.1016/j.ypmed.2017.04.005
https://doi.org/10.1186/1471-2458-13-111
https://doi.org/10.1016/j.vaccine.2005.08.053
https://doi.org/10.1111/j.1552-6909.2002.tb00083.x
https://doi.org/10.5993/AJHB.37.3.8
https://doi.org/10.1046/j.1369-6513.2001.00140.x
https://doi.org/10.2196/jmir.7.2.e12
https://doi.org/10.2196/jmir.1922
https://doi.org/10.1177/0011000009359313
https://doi.org/10.5993/AJHB.27.1.s3.6
https://doi.org/10.1080/10810730.2013.768727
https://doi.org/10.1016/j.ypmed.2010.06.004
https://doi.org/10.1093/ajcn/77.4.1028S
https://doi.org/10.1037/0278-6133.25.3.300
https://doi.org/10.1093/her/cyp006
https://doi.org/10.1037/0033-2909.133.4.673
https://doi.org/10.1145/1067860.1067867
https://doi.org/10.1007/s11423-011-9196-3
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Pot et al.

Developing an Intervention Promoting HPV-Vaccination

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Baylor AL. Promoting motivation with virtual agents and avatars: Role of
visual presence and appearance. Philos Trans R Soc Lond B Biol Sci. (2009)
364:3559-65. doi: 10.1098/rstb.2009.0148

Mennecke BE, Triplett JL, Hassall LM, Conde ZJ, Heer R. An examination
of a theory of embodied social presence in virtual worlds. Decis Sci. (2011)
42:413-50. doi: 10.1111/§.1540-5915.2011.00317.x

Blanson Henkemans OA, van der Boog PJ, Lindenberg J, van der Mast
CA, Neerincx MA, Zwetsloot-Schonk BJ. An online lifestyle diary with
a persuasive computer assistant providing feedback on self-management.
Technol Health Care (2009) 17:253-67. doi: 10.3233/THC-2009-0545

Jin SA. The effects of incorporating a virtual agent in a computer-aided test
designed for stress management education: the mediating role of enjoyment.
Comput Human Behav. (2010) 26:443-51. doi: 10.1016/j.chb.2009.12.003
Watson A, Bickmore T, Cange A, Kulshreshtha A, Kvedar J. An internet-
based virtual coach to promote physical activity adherence in overweight
adults: randomized controlled trial. ] Med Internet Res. (2012) 14:el.
doi: 10.2196/jmir.1629

Beun RJ, de Vos E, Witteman C. Embodied conversational agents: Effects
on memory performance and anthropomorphisation. In: Proceedings of the
International Conference on Intelligent Virtual Agents. Berlin; Heidelberg:
Springer-Verlag (2003). p. 315-319.
Atkinson ~ RK.  Optimizing
animated pedagogical agents.
doi: 10.1037/0022-0663.94.2.416
Baylor AL, Kim Y. Pedagogical agent design: the impact of agent
realism, gender, ethnicity, and instructional Role. In: Lester JC, Vicari
RM, Paraguagu F, editors Intelligent Tutoring Systems. ITS 2004. Lecture
Notes in Computer Science, Vol. 3220. Berlin; Heidelberg: Springer (2004).
doi: 10.1007/978-3-540-30139-4_56

Blanson Henkemans OA, Rogers WA, Fisk, AD, Neerincx MA, Lindenberg
J, Van der Mast CAPG. Usability of an adaptive computer assistant that
improves self-care and health literacy of older adults. Methods Inf Med. (2008)
47:82-8. doi: 10.3414/ME9105

Wik P, Hjalmarsson A. Embodied conversational agents in computer
assisted language learning. Speech Commun. (2009) 51:1024-37.
doi: 10.1016/j.specom.2009.05.006

Durantini MR, Albarracin D, Mitchell AL, Earl AN, Gillette JC.
Conceptualizing the influence of social agents of behavior change: a meta-

from
Psychol.

learning
J Educ

examples  using
(2002)  94:416-27.

analysis of the effectiveness of HIV-prevention interventionists for different
groups. Psychol Bull. (2006) 132:212-48. doi: 10.1037/0033-2909.132.2.212.
Hopfer S. Effects of a narrative HPV-vaccination intervention aimed at
reaching college women: a randomized controlled trial. Prev Sci. (2012)
13:173-82. doi: 10.1007/s11121-011-0254-1

Bickmore T, Puskar K, Schlenk E, Pfeifer L, Sereika S. Maintaining reality:
relational agents for antipsychotic medication adherence. ] Interact Comput
(2010) 22: 276-88. doi: 10.1016/j.intcom.2010.02.001

Petty RE, Barden J, Wheeler SC. The elaboration likelihood model of
pursuasion: developing health promotions for sustained behavioral change.
In: Diclimente RJ, Crosby RA, Kegler M editors. Emerging Theories in Health
Promotion Practice and Research 2nd ed. San Francisco, CA: Jossey-Bass
(2009). p. 185-214.

Prochaska JO, Redding CA, Evers KE. The transtheoretical model of stages
of change. In: Glanz K, Rimer BK, Viswanath K editors. Health Behavior:
Theory, Research and Practice 5th ed. San Fransisco, CA: Jossey-Bass (2015).
p. 168-222.

Van ‘t Riet J, Cox AD, Cox D, Zimet GD, De Bruijn G, Van den Putte
B et al. Does perceived risk influence the effects of message framing? A
new investigation of a widely held notion. Psychol Health (2014) 29:37-41.
doi: 10.1080/08870446.2014.896916

Labrie JW, Pederson ER, Earleywine M, Olsen H. Reducing heavy
drinking in college males with the decisional balance: analyzing an
element of motivational interviewing. Addict Behav. (2006) 31:254-63.
doi: 10.1016/j.addbeh.2005.05.001

Mao J-Y, Vredenburg K, Smith PW, Carey T. The state of user-centered design
practice. Com ACM (2005) 48:105-9. doi: 10.1145/1047671.1047677
Whittingham JR, Ruiter RAC, Castermans D, Huiberts A, Kok G.
Designing effective health education materials: experimental pre-testing of

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

a theory-based brochure to increase knowledge. Health Educ Res. (2008)
23:414-26. doi: 10.1093/her/cym018

Whitthingham J, Ruiter RAC, Zimbile F, Kok G. Experimental pretesting of
public health campaigns: A case study. ] Health Commun. (2008) 13:216-29.
doi: 10.1080/10810730701854045

Cialdini RB, Demaine LJ, Sagarin BJ, Barrett DW, Rhoads K, Winter PL.
Managing social norms for persuasive impact. Soc Influence (2006) 1:3-15.
doi: 10.1080/15534510500181459

Mollen S, Ruiter RAC, Kok G. Current issues and new directions in
psychology and health: what are the oughts? The adverse effects of using
social norms in health communication. Psychol Health (2010) 25:265-70.
doi: 10.1080/08870440903262812

Gilbert DT. (1991). How mental systems believe. Am Psychol. (1991) 46:107-
19. doi: 10.1037/0003-066X.46.2.107

Kata A. Anti-vaccine activists, Web 2.0, and the postmodern paradigm-An
overview of tactics and tropes used online by the anti-vaccination movement.
Vaccine (2012) 30:3778-89. doi: 10.1016/j.vaccine.2011.11.112

Allen M. Meta-analysis comparing the persuasiveness of one-sided
and two-sided messages. West | Speech Commun. (1991) 55:390-404.
doi: 10.1080/10570319109374395

Steen RG. The Evolving Brain: The Known and the Unknown. Amherst, NY:
Prometheus Books (2007).

Wright P. Using graphics effectively in text. In: Abraham C, Kools M editors.
Writing Health Communication: An Evidence-Based Guide. London: Sage
Publications (2011). p. 63-82.

Pot M, Paulussen THWM, Ruiter RAC, Eekhout I, de Melker HE, Spoelstra
MEA, et al. Effectiveness of a Web-based tailored intervention with virtual
assistants promoting the acceptability of HPV vaccination among mothers
of invited girls: a randomized controlled trial. JMIR (2017) 19:e312.
doi: 10.2196/jmir.7449

Bennett AT, Patel DA, Carlos RC, Zochowski MK, Pennewell SM, Chi
AM, et al. Human papillomavirus vaccine uptake after a tailored,
online educational intervention for female university students: a

randomized controlled trial. ] Womens Health (2015) 24:950-7.
doi: 10.1089/jwh.2015.5251
Gerend MA, Shepherd MA, Lustria ML. Increasing human

papillomavirus vaccine acceptability by tailoring messages to young
adult women’s perceived barriers. Sex Transm Dis. (2013) 40:401-5.
doi: 10.1097/0LQ.0b013e318283c8a8

Grandahl M, Rosenblad A, Stenhammar C, Tydén T, Westerling R, Larsson
M, et al. Schoolbased intervention for the prevention of HPV among
adolescents: a randomised controlled study. BMJ Open (2016) 6:e009875.
doi: 10.1136/bmjopen-2015-009875

Cafazzo JA, Leonard K, Easty AC, Rossos PG, Chan CT. The user-
centered approach in the development of a complex hospital-at
home intervention. Stud Health Technol Inform. (2009) 143:328-33.
doi: 10.3233/978-1-58603-979-0-328

Leerlooijer N, Ruiter RAC, Reinders J, Darwisyah W, Kok G, Bartholomew
LK. The World starts with me: using intervention mapping for the
systematic adaptation and transfer of school-based sexuality education
from Uganda to Indonesia. Transl Behav Med. (2011) 1:331-40.
doi: 10.1007/s13142-011-0041-3

Drozd E, Haga SM, Brendryen H, Slinning K. An Internet-based intervention
(Mamma Mia) for postpartum depression: mapping the development from
theory to practice. JMIR Res Protoc. (2015) 4:e120. doi: 10.2196/resprot.4858
Brendryen H, Johansen A, Nesvag S, Kok G, Duckert F. Constructing a theory-
and evidence-based treatment rationale for complex eHealth interventions:
development of an online alcohol intervention using an intervention mapping
approach. JMIR Res Protocol. (2013) 2:e6. doi: 10.2196/resprot.2371.
Morrison LG, Yardley L, Powell J, Michie S. What design features are
used in effective e-health interventions? A review using techniques from
Critical Interpretive Synthesis. Telemed ] E Health (2012) 18:137-44.
doi: 10.1089/tmj.2011.0062

Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et al.
Which intervention characteristics are related to more exposure to internet-
delivered healthy lifestyle promotion interventions? A systematic review. J
Med Internet Res. (2011) 13:e2. doi: 10.2196/jmir.1639

Frontiers in Public Health | www.frontiersin.org

September 2018 | Volume 6 | Article 226


https://doi.org/10.1098/rstb.2009.0148
https://doi.org/10.1111/j.1540-5915.2011.00317.x
https://doi.org/10.3233/THC-2009-0545
https://doi.org/10.1016/j.chb.2009.12.003
https://doi.org/10.2196/jmir.1629
https://doi.org/10.1037/0022-0663.94.2.416
https://doi.org/10.1007/978-3-540-30139-4_56
https://doi.org/10.3414/ME9105
https://doi.org/10.1016/j.specom.2009.05.006
https://doi.org/10.1037/0033-2909.132.2.212.
https://doi.org/10.1007/s11121-011-0254-1
https://doi.org/10.1016/j.intcom.2010.02.001
https://doi.org/10.1080/08870446.2014.896916
https://doi.org/10.1016/j.addbeh.2005.05.001
https://doi.org/10.1145/1047671.1047677
https://doi.org/10.1093/her/cym018
https://doi.org/10.1080/10810730701854045
https://doi.org/10.1080/15534510500181459
https://doi.org/10.1080/08870440903262812
https://doi.org/10.1037/0003-066X.46.2.107
https://doi.org/10.1016/j.vaccine.2011.11.112
https://doi.org/10.1080/10570319109374395
https://doi.org/10.2196/jmir.7449
https://doi.org/10.1089/jwh.2015.5251
https://doi.org/10.1097/OLQ.0b013e318283c8a8
https://doi.org/10.1136/bmjopen-2015-009875
https://doi.org/10.3233/978-1-58603-979-0-328
https://doi.org/10.1007/s13142-011-0041-3
https://doi.org/10.2196/resprot.4858
https://doi.org/10.2196/resprot.2371.
https://doi.org/10.1089/tmj.2011.0062
https://doi.org/10.2196/jmir.1639
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Pot et al.

Developing an Intervention Promoting HPV-Vaccination

84. Coté JC, Godin G, Garcia PL, Gagnon M, Rouleau G. Program development
for enhancing adherence to antiretroviral therapy among persons living with
HIV. Aids Patient Care (2008) 22:965-75. doi: 10.1089/apc.2008.0124

85. Heinen MM, Bartholomew LK, Wensing M, van de Kerkhof P, van Achterberg
T. Supporting adherence and healthy lifestyles in leg ulcer patients: systematic
development of the lively legs program for dermatology outpatient clinics.
Patient Educ Couns. (2006) 61:279-91. doi: 10.1016/j.pec.2005.04.007

86. Van Kesteren NMC, Kok G, Hospers HJ, Schippers J, De Wildt W. Systematic
development of a self-help and motivational enhancement intervention to
promote sexual health in hiv-positive men who have sex with men. AIDS
Patient Care (2006) 20:858-75. doi: 10.1089/apc.2006.20.858

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Pot, Ruiter, Paulussen, Heuvelink, de Melker, van Vliet and van
Keulen. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org

170

September 2018 | Volume 6 | Article 226


https://doi.org/10.1089/apc.2008.0124
https://doi.org/10.1016/j.pec.2005.04.007
https://doi.org/10.1089/apc.2006.20.858
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

'," frontiers
in Public Health

ORIGINAL RESEARCH
published: 26 October 2018
doi: 10.3389/fpubh.2018.00300

OPEN ACCESS

Edited by:

Shane Andrew Thomas,

Shenzhen International Primary
Healthcare Research Institute, China

Reviewed by:

Miodraga Stefanovska-Petkovska,
Universidade de Lisboa, Portugal
Nobhajit Roy,

Karolinska Institutet (Kl), Sweden
Paolo Giorgi Rossi,

Azienda Sanitaria Unita Locale di
Reggio Emilia, Italy

*Correspondence:
Linda Highfield
Linda.d.highfield@uth.tmc.edu

Deceased

Specialty section:

This article was submitted to
Public Health Education and
Promotion,

a section of the journal
Frontiers in Public Health

Received: 05 March 2018
Accepted: 28 September 2018
Published: 26 October 2018

Citation:

Highfield L, Valerio MA, Fernandez ME
and Eldridge-Bartholomew LK (2018)
Development of an Implementation
Intervention Using Intervention
Mapping to Increase Mammography
Among Low Income Women.

Front. Public Health 6:300.

doi: 10.3389/foubh.2018.00300

Check for
updates
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Mapping to Increase Mammography
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Linda Highfield ™, Melissa A. Valerio 2, Maria E. Fernandez?® and
L. K. Eldridge-Bartholomew 3t
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Background: Although much work has begun to elucidate contextual factors
influencing implementation, the specific processes that facilitate and hinder adoption,
implementation, and maintenance of evidence-based interventions (EBIs) in clinical
settings remains poorly understood. Intervention Mapping (IM) is a systematic process
that facilitates planning and design for dissemination, implementation and maintenance
of EBIs in practice. IM has been used to guide the design of many health interventions,
focusing on program implementation. Less studied is its use to adapt and scale screening
interventions within the healthcare clinic setting. This paper describes the development of
an implementation intervention using IM to facilitate the adoption, implementation, and
maintenance of an EBI designed to increase mammography adherence in healthcare
clinics, the adapted Peace of Mind Program (PMP).

Methods: IM framework, Step 5, was used to guide the implementation intervention
planning. IM guided identification of specific adoption, implementation, and maintenance
performance objectives. We formed an implementation intervention planning group
consisting of members of the academic team, our community partner and community
health workers (CHWSs) with substantial experience working on mammography screening
programs in federally qualified health centers (FQHCs) and charity clinics.

Results: Results are presented by Intervention Mapping task for Step 5 (Program
Implementation Plan). We describe how the consolidated framework for implementation
research (CFIR) informed the selection of performance objectives, determinants,
methods, and practical applications in the final implementation intervention.

Conclusions: This paper provides an example of the use of Intervention Mapping
Step 5 and CFIR to create an implementation intervention to support EBI scale up of an
evidence-based mammography intervention within a specific setting.

Clinical trials registration number: NCT02296177

Keywords: intervention mapping, implementation intervention, consolidated framework for implementation
research, mammography, underserved women
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Implementation Interventions Using Intervention Mapping

BACKGROUND

The research to practice gap is well-documented; only a fraction
of evidence-based interventions (EBI) are integrated into practice
settings and fewer still are sustained in practice over time (1-5).
Although much work has begun to elucidate contextual factors
influencing implementation, the specific processes that facilitate
and hinder adoption, implementation, and maintenance of EBIs
in clinical settings remains poorly understood (6, 7). Further,
practitioners’ knowledge and expertise is rarely effectively
integrated into program design and testing, resulting in programs
that may not fit well within the implementation context, or
match the needs of the communities they were intended to
benefit (4, 8-11). The development of effective implementation
strategies should include participatory approaches and be guided
by theory. Theory driven D&I interventions that consider
individual and systems-level change, can improve the likelihood
of adoption, implementation and maintenance of EBIs (12)
and support policy and practice changes that improve health
outcomes over time. However, few programs to date have
used theory to inform their approaches. Davies et al. reviewed
235 D&I studies and found that only 23% used theory to
inform the design of their strategies (13). Further, these D&I
strategies rarely use multi-level approaches to increase EBI

use (14).
There are both few programs available that target
mammography adherence in underserved populations

specifically and even fewer that use well-defined adoption,
implementation and  sustainment interventions  for
mammography EBIs in the U.S. (15). Underserved populations
(women who lack insurance or who are underinsured and
low-income) have increased risk for late-stage breast cancer
diagnosis due to a combination of factors, including lower
mammography screening rates overall, high rates of missed
screening appointments and lack of timely referral to diagnostic
evaluation and treatment in those who screen abnormal (12).
Considering the second factor (missing appointments), it has
been shown that women who missed screening appointments
were more likely to be diagnosed at a later stage of cancer than
women who attended their appointments outside of the other
two factors (16). This highlights the need for EBIs that improve
mammography appointment attendance in underserved women
since these women have already addressed the first step of
engaging with the healthcare system and scheduling a screening
appointment. Gaps in understanding of how best to translate
lessons learned from research for integration of EBIs into
everyday use-taking into account the local setting and needs of
the multiple stakeholders has left many effective mammography
programs unused or applied with limited fidelity (17).
Well-designed dissemination and implementation (D&I)
strategies are particularly important for the execution of multi-
level interventions, which are typically used within complex
practice systems such as health care settings to address
differences in health outcomes (18). Intervention Mapping (IM)
is a systematic process that facilitates planning and design
for dissemination, implementation and maintenance of EBIs
(19-22) in practice. Intervention mapping has been used to

guide the design of many health interventions including a
focus on program implementation (12). Less studied is its
use to adapt and scale screening interventions within the
healthcare clinic setting. This paper describes the development
of an implementation intervention using Intervention Mapping
to facilitate the adoption, implementation, and maintenance
of an EBI designed to increase mammography adherence
in healthcare clinics, the adapted Peace of Mind Program
(PMP).

METHODS

PMP is a telephone-based EBI to increase mammography
appointment adherence (attendance) in underserved women
who have scheduled mammography screening appointments.
PMP uses a scripted, tailored telephone counseling reminder
call which was developed using the Transtheoretical Model of
Change to counsel patients through barriers to appointment
attendance, such as fear of screening or fear of outcome (4,
12, 23, 24). In addition, PMP engages the patient in active
planning for their appointment, such as ensuring the correct
paperwork has been completed and that required documents
will be brought with the patient (e.g., proof of income) (4, 12,
23, 24). The PMP was designed for use in federally qualified
health centers (FQHCs) and charity clinics providing access
to mobile mammography services (4, 12, 23, 24). PMP had
been previously adapted for underserved women and evaluated
using IM [Int Map Adapt and found to effectively reduce
appointment no-show rates from 44% (comparison) to 19% in
the intervention arm (23, 24). The adjusted odds of a woman
in the intervention group attending her appointment were 3.88.
The adjusted odds of a woman attending her appointment
in the intent-to-treat analysis were 2.31 (23, 24)]. However,
previous implementations of PMP lacked a mechanism for
taking the program to scale across multiple sites. Our previous
studies had focused on development and evaluation of program
components, but had not focused on structures necessary to
take the program to scale. For this project, our aim was
to develop an implementation intervention to support the
implementation and scale-up of the EBI in 20 FHQCs and
charity clinics in the Greater Houston region, Texas (24). The
Intervention Mapping framework, Step 5 was used to guide the
implementation intervention planning. Intervention mapping
guided identification of specific adoption, implementation, and
maintenance performance objectives (who had to do what to
implement the intervention). It helps the planning group identify
determinants of implementation; why clinics (decision makers
and staff) or clients would adopt, implement, and maintain the
PMP (19).

IM allows for integration of theories and frameworks to
inform the implementation intervention. In our project we
used CFIR to inform the planning process. The CFIR is a
meta-framework which includes five domains [intervention
characteristics, outer setting, inner setting, characteristics of
individuals and process; (6, 25)]. Within these five domains are
39 underlying constructs that may influence implementation
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and development of clinical guidelines (6). CFIR was used
to identify potential contextual factors that may influence the
implementation and sustainability of the PMP as shown in
Figure 1. Other theories that informed both the selection of
determinants of implementations as well as methods for effecting
change included Social Cognitive Theory, and Diffusion of
Innovation (26, 27).

We formed an implementation intervention planning group
to guide the process. The group consisted of members of the
academic team, our community partner—the Breast Health
Collaborative of Texas leadership and community health workers
(CHWs) with substantial experience working on mammography
screening programs in FQHCs and charity clinics in the Greater
Houston area. Based on previous studies conducted by the team,
the experience of planning team members in the community
setting, and a review of the literature, we pre-determined
that FQHCs and charity clinics were the primary stakeholders
for adoption, implementation and maintenance. This project
received approval from the Institutional Review Board at the
academic institution, protocol number HSC-SPH-14-0269. Per
Institutional Review Board review, written informed consent was
not required. Women who later participated in the trial and
received reminder phone calls gave verbal consent at the outset
of the phone call.

RESULTS OF THE APPLICATION OF IM
STEP 5 FOR PMP DEVELOPMENT

Results will be presented by Intervention Mapping task for
Step 5 (Program Implementation Plan). We describe how CFIR
informed the selection of performance objectives, determinants,
methods, and practical applications included in the final
implementation intervention.

Task 1. Identify Program Adopters,

Implementers and Maintainers

We first identified what stakeholders would be involved in the
adoption, implementation and maintenance of the PMP. We
then held a brainstorming session with the planning group to
answer key questions that would inform the development of the
implementation intervention such as: (1) Who will make the
decision to adopt the PMP program in FQHCs or community
clinics and who will these decision-makers need to consult? (2)
Who will implement the program? Will the PMP program require
different people to implement different components? and (3) Who
will ensure that the PMP program is maintained as long as it
is needed? Following the brainstorming sessions, we completed
detailed summaries to inform the following tasks and verified
our implementers with clinic staff knowledge of FQHC and

Content of the Theory - &
Evidence-Based

(CFIR) Process: Theory
and Evidence-Based

Intervention (EBI)
we are disseminating
and implementing

Approach to D&I we
are disseminating and
implementing

(CFIR) Dissemination
and Implementation
Influences The

we need to impact or
consider as moderators

CFIR Dissemination

and Implementation
Outcomes

Intervention (TEBI) Description

Barrier Focused Telephone
Counseling for Mammography
Adherence
Theory Based Change Methods
Modeling, Verbal persuasion,
Problem solving, Facilitation,
Cultural congruence
Components and Materials:
Counseling script, Training
protocol, Fidelity monitoring,
Direct link to appointment
making

Intervention Characteristics
Adaptabilty (Adaptive periphery)
Trialabilty

Relative advantage

Cost

Complexity

Packaging

Adoption Facilitation
(TEBF)

Dissemination through
TBHC: Increasing
awareness of TEBI
characteristics, relation to
patient needs, new health
care policy and resources,
and use by linked clinics

Outer Setting

Patient needs, Clinic
resources, Incentives,

Performance Objectives

Adoption

Pressure, Policies, Clinic

links

Inner Setting
Organizational readiness,

Implementation
Facilitation (TEBF)

Structured organizational
planning and capacity
building, Technical
assistance linkage systems,
identification of program
champions, Train the
trainer program

Structures, Processes,
Communication, Climate,
Culture

Individual
Characteristics

Knowledge, Skills,
Outcome expectations,
Self-efficacy, Perception
of TEBI characteristics

[ J/

FIGURE 1 | Conceptual framework for development of PMP.

Clinic leaders review &
discuss TEBI, Assessfit,
Make plans

Implementation
Schedule mobile
mammography
Adjust workflow

. Make counseling calls

Outcomes

TEBI Adoption,
implementation, Reach,
Mammography services
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Appointments, Kept
appointments
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charity clinic structures. Based on our brainstorming sessions,
the planning team determined that the clinic leader would be the
adoption decision maker in our participating locations. Clinic
leaders typically hold roles such as Executive Director or Chief
Executive Officer and are decision makers. In order to adopt the
program, the clinic leader would need to meet with the PMP
team, review and sign an MOU and assign staff to participate in
the program. Adoption performance objectives and determinants
are summarized in Table 1.

Normative beliefs (subjective
and descriptive)

theirs that use champions to
assist in practice change or

NB.4. Lists other clinics like
program implementation.

Task 2. State Outcomes and Performance
Objectives for Each Stage (Adoption,
Implementation and Maintenance)
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TABLE 4 | Peace of mind program implementation intervention plan.

Stage Agent Determinants/change Theoretical change methods Practical applications
objectives
Adoption Clinic Decision Maker ~ Awareness/Perceptions of PMP  PMP program information Email blast to BHC members with PMP

Implementation All

Outcome Expectations
Skills and Self-efficacy
Feedback and reinforcement

Awareness/Perceptions
Outcome Expectations
Skills and Self-efficacy

Persuasion
Role Modeling

Cue to participate
Communication
Mobilization

informational video and link to pre-adoption survey
Webinar to BHC members covering
evidence-based approaches to breast cancer
prevention, PMP information and adoption steps
Adoption meeting held with interested clinics
Financial assistance to clinic

Assistance with connecting to mobile providers to
increase screening (as needed)

Invite clinic staff to participate in stakeholder group
(templates for invitation email)
Email template for site visit (including requested

Feedback and Reinforcement

Organizational Consultation/Planning

participants) and site visit questionnaire

Site visit planning meeting

Program implementation guide, clinic handbook,

stakeholder manual and computer assisted PMP
scripts reviewed during participatory stakeholder

meetings

Implementation readiness checklist

Stakeholder meetings to support implementation
(continue after reminder calls begin). E-newsletter
shared with stakeholders

Implementation Program Champion Awareness/Perceptions Information Face to face training held over two 4 h sessions.
Navigator Outcome Expectations Persuasion Training was submitted to Texas for CEU certification
Skills and Self-efficacy Skill building and guided practice for community health workers and social workers
Feedback and Reinforcement ~ Modeling BHC navigators model EBI behavior and provide

Monitoring and feedback

Technical assistance/capacity building
Facilitation

Vicarious reinforcement

Maintenance QOutcome Expectations
Skills and Self-efficacy

Feedback and Reinforcement

Program Champion
Decision Makers

Information
Persuasion
Technical assistance

ongoing implementation support on-site

PMP research team available via email, phone and
training booster sessions as needed

Paperwork processes to provide funds for patients
needing financial assistance from PMP

Face to face meeting to discuss maintaining
program

Program wrap up email with instructions for
continued access to program scripts and contact
info for technical support

Continued access to online PMP scripts
Technical support as needed via email or phone

supported through the use of a participatory stakeholder group,
where clinic program staff participated in regular meetings with
the PMP team to review program materials, address any needed
adaptations and timeline adjustments, train in the use of the
PMP scripts and online system, phase in implementation (clinic
staff slowly take over ownership of the reminder phone calls)
and ensure active troubleshooting of any program issues during
implementation. Implementation is also supported through
the use of bilingual community health workers and PMP
materials which are available in multiple languages. Through
the site visit, PMP staff collect information on language needs
of program participants and translate materials accordingly.
Implementation is also supported through the use of an online
interface programmed in REDCap which guides the community
health worker through each patient phone call starting from
informed consent and through all intervention components.
Using a simple interface, the community health worker is guided
through the scripted intervention and advances to the next step

by completing either pre-programmed check boxes or open-
ended text boxes. The system collects data on informed consent,
the patient’s stage of readiness to attend their appointment,
barriers counseled and logistical planning offered during the
phone call.

The PMP was implemented over the course of three phases in
each clinic. In phase one, the following steps were accomplished:
(1) We conducted site assessments with each clinic to understand
baseline processes in their mammography programs, (2) Clinic
staff were invited to join the participatory stakeholder group,
(3) Stakeholder meetings began and reviewed program materials
and recommended adaptations to the implementation protocol
as needed, (4) PMP training takes place, and (5) Implementation
checklist is used to ensure readiness to start PMP phone
calls. In phase two, the following steps are accomplished: (1)
BHC navigators on-site, provide role modeling of phone calls
and support clinic staff as the program begins, (2) Navigators
transition reminder phone call scheduling and responsibility to
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clinic staff over a period of several months and then monitor
calls to ensure fidelity, (3) Re-training is provided as needed
during this phase and (4) Stakeholder meetings continue with
a focus on troubleshooting any implementation barriers and
creating e-newsletters to re-inforce program behaviors and
highlight program successes. In phase three, clinics take more
responsibility for the program and BHC navigators reduce
on-site monitoring. Troubleshooting of implementation issues
continues. Finally, as clinics move to maintenance, the PMP
team holds a meeting with clinic leadership to discuss PMP
maintenance plans and provides information on continued
access to the PMP online system and technical support. To
support maintenance, the PMP online system remains available
to all participating clinics.

DISCUSSION

Poor rates of EBI adoption and low levels of implementation
and maintenance, may lead to ineffective or less than expected
impact on health poor outcomes when translating EBIs to
practice in the community (19). The research to practice gap
will persist until successful models are developed to support
adoption, implementation and maintenance of EBIs within
real-world settings. Practitioners and investigators have called
for better descriptions of the development of implementation
interventions to facilitate replication and refinement of EBI
implementations and dissemination (30-32). However, there
are few published studies which provide information on the
process used to develop implementation interventions or how
implementation science frameworks, such as CFIR, can inform
implementation intervention planning (14, 31, 33). Neta et al.
(22) note that despite many calls for research showing the process
or frameworks used to develop implementation interventions,
it is typically not at all apparent how planners took these
issues under consideration while planning their programs (e.g.,
the “what” and “how”) (22). The authors further note that
systematic approaches, including IM, could address this need,
especially when used in conjunction with theory (22). This
paper provides an example of the use of Intervention Mapping
Step 5 and CFIR to create an implementation intervention
to support EBI scale up of an evidence-based mammography
intervention within a specific setting (FQHCs and charity
clinics). A recent systematic review of studies using CFIR found
only two that had fully used the CFIR in the pre-implementation
phase (34). We found that the inclusion of CFIR determinants
in the planning process can facilitate critical implementation
intervention design and development, increasing the likelihood
of successful dissemination and implementation (34). The
development of the implementation intervention resulted in
the identification of key determinants that we then created
specific strategies and methods for addressing through training
and targeted messaging for adopters, implementers and for
promotion of program maintenance. We further hypothesized
that the use of a participatory stakeholder group would support
implementation based both on our conceptual framework and
from discussions in the brainstorming sessions about clinics’

need for implementation support and to help ensure fidelity
of implementation. One of the limitations to our participatory
approach was balancing the amount of time required from
our community partners to participate in brainstorming and
planning sessions. Our team addressed this challenge by focusing
our time with community partners on brainstorming activities.
We spent additional time outside these meeting sessions working
on transcription and translation of the brainstorming materials
into EBI components which were then reviewed by our
community members. An additional challenge was in getting all
levels of FQHC and clinic staff to participate in these planning
sessions. Clinic staff have many responsibilities and are not
always able to take time away from the office for planning
meetings, especially unpaid. We addressed this by working with
a community partner who was knowledge of our local clinics and
with community health workers who had previously worked in a
number of the local clinics. In an ideal setting, we would have had
clinic leadership directly participate in the planning sessions.
The Peace of Mind Program developed in this project was
adapted from an existing EBI and previously tailored to our
local community context for specific mammography barriers.
In evaluating the EBI effectiveness, the implementation of the
program had been highly tailored to that environment. Further,
based on our knowledge of FQHCs and charity clinics in the
Greater Houston area, we knew there was heterogeneity in
the clinic environments, staffing and mammography program
processes. Therefore, we hypothesized that adding a structured,
theory-based implementation intervention more broadly
relevant to FQHCs and charity clinics to the EBI would be
necessary for successful scale-up within this specific context.
A recent systematic review of the research-practice gap in
primary care settings supports this hypothesis. Lau et al.
(35) found overlap with EBI adoption, implementation and
maintenance and CFIR constructs used in this project to develop
the implementation intervention (what Lau et al. refer to as
contextual factors). Additionally, the review highlighted that
these “contextual factors” are often notably absent from research
and frequently fail to be acknowledged, described or taken into
account during implementation or program planning (35).
The PMP is currently being evaluated using a non-randomized
controlled stepped wedge trial in 16 FQHCs and charity clinics
in the Greater Houston area. IM Step 6 was used to guide
the development of the evaluation plan for PMP, including
measures specific to adoption and implementation within clinics
participating in the trial. A full description of the development
of the evaluation plan for PMP is beyond the scope of this
manuscript. For further information on the evaluation of PMP,
we refer readers to Highfield et al. (24), which details the protocol
for the PMP trial (24). Briefly, reach of PMP is being measured
using Google Analytics tracking from BHC outreach events
described above (e.g., email communications, webinars) and
through the collection of participation logs for events. Adoption
and implementation are being measured through the use of a
validated survey of CFIR constructs which was adapted for this
project. Implementation is also being measured through our
REDCap interface, which tracks navigator’s use of the EBI staging
question. Evaluation results from the trial are expected in late
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2018 and will be able to provide further insight into the effect of
our implementation intervention on program implementation,
maintenance, fidelity and outcomes (appointment attendance).
While full evaluation of the program is underway and will
be reported elsewhere, a total of 16 clinics with 24 operating
sites, providing mammography services to over 4,500 women
during our project period adopted PMP. These clinics served a
diverse population of Caucasian, Hispanic, African American
and Vietnamese women (all underserved). We anticipate that the
program will lead to an increase in mammography screening in
participating clinics as a result of the EBI components focused
on assessing current screening goals, relationships with mobile
providers and serving as a bridge between clinics and providers.
Increases in screening in underserved women are important as
screening serves as the first step in the pathway to breast cancer
disparities (16).

In addition, we are monitoring appointment adherence
(no-show rates) along with appointment cancellations, re-
schedules, patients turned away for incomplete paperwork and
other reasons why a woman may not ultimately complete
her mammogram appointment. We believe that assessing the
EBI against these additional factors will provide a more
complete picture of screening outcomes and barriers. To our
knowledge, this is the only paper to date which has applied
Intervention Mapping in conjunction with the constructs of
the CFIR framework and behavioral theories to develop a
systematic implementation intervention for the scale up of a
mammography EBI in FQHCs and charity clinics. While this
paper is focused specifically on mammography screening, the
approach we designed for implementation and the protocols and
program materials could serve as a guide for others interested in
developing similar programs.

CONCLUSIONS

EBIs which are tested and available for scale up may benefit
from use of a structured implementation intervention process.
In addition, this paper may provide useful insights for others
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