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Patient-centered e-health interventions can and do work.1:2:3:4:5:6 But a key question remains:
What are the causal psychological and social processes and intermediate outcomes that lead
to their demonstrated successes? That is a call for theory to help researchers develop, implement
and evaluate those interventions.7 Theory provides a framework guiding the selection of
intervention components from a huge array of what might work, it guides the choice of study
design and samples, and it helps select appropriate outcomes for measuring the effects of the
intervention. In fact, as Kurt Lewin famously noted a half-century ago, “nothing is quite so
practical as a good theory.8” Theory helps us (and forces us) to specify mechanisms explaining
outcomes, a process that not only builds theory but that also improves research efficiency. For
instance, an intervening mechanism may be much easier to measure than an ultimate outcome
and may also be a purer measure of an important treatment effect than a distal, global outcome
affected slowly and by multiple causes. And without measurement of putative mediators, one
will not know whether treatments simply aren’t “working,” or whether the treatments are
having their intended effects, but such effects are not sufficient to budge global and distal
clinical endpoints. Finally, measures of purported or hypothesized mechanisms may uniquely
tell us where treatments are failing. Thus, theory-based mediational analysis helps explain why
treatments work, or don’t work better, and also points us in new directions for enhancing
treatments.

Much of the above argument applies universally to all health intervention attempts, but has
particular force for e-health. These interventions tend to be complicated and multifaceted,
particularly patient-centered interventions that depend on the complex interplay among
patients, clinicians, and the healthcare system.® To adequately address this integrated model
of care, interactive cancer communication systems offer many types of assistance, often
informally crossed with diverse formats. In addition, such systems are meant to be used many
times over months or even years to address patients’ changing needs as they react to their
diagnoses, choose and receive treatment, deal with treatment sequelae, and rebuild their lives.
Thus, what patients need from the system and the way they use it can change radically across
the time span of the intervention. All of this means that theorizing about e-health needs to
address this intervention complexity, variability of patient needs, and changes over repeated
or long-term intervention use. Given the wide variety of purposes and techniques of e-health,
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there will probably never be a single general theory of e-health. But this does not argue for the
opposite extreme of employing a host of lower-level theories to explain different facets of a
single intervention. Where possible, researchers should strive to apply or develop theories large
enough to cover the complexity of their interventions. Ideally, this work should be a starting
point for e-health development: identify the outcome(s) to target, then some mechanisms
known to causally affect them, and work backwards to design the e-health intervention to
activate at least some of those mechanisms.

That sounds straightforward, but of course it’s not so simple. There are often many more causal
steps than the above description implies, and complex interventions likely achieve their results
by multiple causal paths, either happening simultaneously or different paths working
situationally or for different people. This suggests a long-term, iterative research and
development process. Alternatively, theory building can also largely occur after the fact. One
can find oneself, as the current authors did, with a complex e-health intervention (CHESS) that
was producing consistent changes in an important patient outcome (quality of life1:2:3), but
without a clear theory of intervening mechanisms (to be clear: an atheoretic approach was not
taken, but quite different theories were borrowed from to justify different intervention
features10-11:12:13). In either case, however, what is needed is a serious attempt to fill in that
causal model, and much of the remainder of this paper is used to illustrate the process from
research by the current authors. First, a description is provided of the starting and ending points
that had to be bridged. CHESS (the Comprehensive Health Enhancement Support System) will
serve as a useful example, because it has been the object of considerable research and because
its content comprises most elements of e-health interventions. CHESS helps patients
understand their medical situation and treatment options, empowers them to become full
participants in their healthcare, and provides opportunities to learn and practice communication
and lifestyle skills that foster health and well being. To that end CHESS provides
comprehensive accurate information, personal stories of similar others, peer and expert
support, and interactive decision guides and skill building tools. These tools are bundled into
a structure that provides multiple navigational options—casual browsing, indexed searching,
and tailored navigation schemes that are guided by the CHESS system, or “prescribed” by a
healthcare professional who is integrated into the CHESS system.? Research suggests that
coherent use of a range of CHESS’ information, support, and interactive tools resources to
address a specific problem is associated with higher quality of life.14:15 CHESS also provides
self-reflective learning tools to foster skills and emotional growth. Unlike the didactic and
evidence-based features, these tools provide patients with a safe forum to construct their own
knowledge about their cancer experience and what it means to them.16 These tools include the
peer-led discussion group, open and guided journaling, and thought-provoking personal stories
about other patients’ cancer experiences. (See www.chess.wisc.edu for more detail.)

Quality of life (QOL) was chosen as the target outcome, because it is the subjective self-
appraisal of a person’s physical, emotional, functional, social, and perhaps spiritual status, all
of which will be affected by life-threatening disease and by actual and perceived resources for
coping with it. The word “appraisal” emphasizes a patient-centered perspective, since QOL
assessments are typically less focused on the actual state-of-nature than on the person’s
subjective evaluation. QOL is also a worthy target of investigation because it is
multidimensional and can reflect the effects of multifactorial interventions as well as the
various effects of disease and diagnosis over time (e.g., the shock of diagnosis and confronting
the possibility of death, dealing with unfamiliar information and decisions, the physical impacts
of treatment, and often the strains of long-term health self-management and anxiety about
continued risk). Many cancer patients regain their initial quality of life after successful
treatment, so that the goal of psychosocial e-health interventions is often to cushion the drop
in quality of life and speed its recovery to baseline.1’
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The breadth and changing nature of challenges to quality of life, and the diversity of resources
offered by CHESS and similar e-health systems call for a broad and fundamental theoretic
approach to understand intervention effects. Self-determination theory18:19:20 (SDT) notes
that humans need to influence things affecting their lives, and in particular that a person’s
perceived quality of life is largely determined by the degree to which they experience three
key needs as being sufficiently fulfilled.2% One of these, autonomy, is the sense that one’s
actions and experiences are volitional rather than controlled by strong external or internal
forces. Competence is a self-perception of efficacy, while relatedness is the need to experience
connection with others. Of course, individuals may vary in the relative importance of these
needs,19:21 and a stressor such as cancer could affect different individuals in different ways.
However, it seems clear that cancer diagnosis and treatment typically and substantially
compromises the satisfaction of all three needs: “My life is out of control” (autonomy), “I can’t
do anything about it” (competence), and “I feel all alone” (relatedness). Deficits in the
satisfaction of these three basic needs would limit the ability to respond to a health crisis and
would also provide motivation to repair the deficit. Adequate levels of autonomy, competence
and relatedness seem intuitively supportive of QOL, and these relationships have been
empirically supported by a range of field studies and RCTs of interventions.22:23 To first
illustrate how these three SDT concepts might be worth pursuing as part of the bridge between
an e-health system and quality of life, consider several examples. Receiving and understanding
information—a generally assumed and frequently documented benefit of typical patient-
centered e-health systems6—about disease, treatment and recovering should contribute to
autonomy by making clear that choices and response options exist and can be pursued.
Similarly, information can just as well lead to a sense of competence by providing the patient
the particular facts needed to respond to the disease. Further, some e-health interventions
explicitly offer skill training (e.g., guided decision aids), which could directly enhance
competencies. In addition, an illness creates an unwelcome identity (e.g., ‘breast cancer
patient’) that can create barriers between a woman and members of her current support systems,
who at a minimum do not share that identity, are probably uncertain how to relate to it, and
may even consider it stigmatizing. Thus, e-health interventions that provide new alternatives
for social connections and the knowledge and skills to repair and maintain old ones should
reduce deficits in relatedness. Furthermore, because interacting with clinicians is such an
important part of illness experience, these social relationships, whether new or existing, take
onvastly greater importance during the disease experience. Although satisfaction of these three
needs can be conceived of as each independently supporting quality of life, they of course
covary, and may have substantial dependencies.21 Deficits in one or two undermine strengths
in the others: autonomy may be of little use without competence, and vice versa, and a deficit
of either may inhibit relatedness with clinicians, limiting use of clinician advice.20

Further impetus to give these SDT concepts a central place in the attempt to understand and
explain CHESS effects on Quality of Life came from analyses of one of the randomized-control
studies within the Center of Excellence in Cancer Communication Research. After only 6
weeks of a 6-month intervention period, effects were found that confirmed the important role
of autonomy, competence and relatedness in mediating CHESS effects on QOL.24

Figure 1 provides an overview of the model, laying out steps and relationships in how these
effects are hypothesized to occur. Because of the complexity of CHESS and variability of the
individual cancer experience, each element actually contains several specific concepts and their
measures within it. Thus, each relationship among elements shown by a numbered arrow
actually represents multiple potential relationships among particular concepts (insert Figure 1
here). Below is a discussion of the links in the causal order implied by the model, but it is worth

iCompetence and self-efficacy are nearly synonymous, although as a need in SDT, there is also an affective component as well as the
cognitive expectation.
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noting that model development actually is easier and more productive by working backwards.
For example, starting with autonomy, competence and relatedness, a list was first compiled of
the immediate behaviors of cancer patients that might contribute to satisfying these needs, and
then each item was considered to select those which might be affected by an e-health
intervention with the structure and content of CHESS." Similarly, empirical results and theory
were drawn on to also propose what sorts of behavioral outcomes might be responsible for
quality of life, and which of these should be influenced by the SDT constructs.

Below are the hypothesized relationships of the model:

1.

Use of CHESS (and similar systems) causes proximal outcomes central to the aims of
patient-centered care, such as knowledge (of cancer, treatment options), goal
clarification, validation of experiences, social connections with peers, and skills for
managing emotions and relationships, among others.

Although his discussion goes straight from e-health interventions to autonomy,
competence and relatedness, effectively skipping proximal outcomes, Hesse proposes
a useful and generalizable classification of which e-health tools affect each SDT
construct.2® Briefly, he proposes that autonomy is supported by self-help tools, the
personal health record, health portals, connective journalism, and what he calls
ubiquitous health care. E-health features like these place control of health issues in
the patient’s hands, reinforcing and boosting autonomy. Competence is supported by
functional health literacy, information prescriptions, consumer involvement, and skill
augmentation, all which provide the wherewithal for patient action. And relatedness
is particularly supported when e-health contains health advocacy groups, networks of
care, and shared communities of knowledge, which provide social connections
allowing the patient to feel supported by others in the healthcare situation.

Research on CHESS12:3:14+15 has demonstrated effects on measures such as specific
health-related competencies, self-reported cognitive functioning, perceived social
support, anxiety, and relationships with physicians, all of which would seem to be
likely proximal outcomes of specific content available in CHESS (or for that matter
in many other patient-education materials as well). For example, the organized and
detailed information about causes, treatment, side effects, and prognosis of breast
cancer contained in CHESS allows the woman who uses it to understand her situation,
her options, and what she is experiencing, which allow her to feel more competent
dealing with both health information and healthcare situations. And users of the
CHESS Discussion Group (an asynchronous bulletin board used repeatedly and for
considerable time by cancer patients) provide each other considerable social support,
both in emotional terms and through offering advice and alternative perspectives.
Discussion Group participants also share experiences that give their readers real-
world knowledge of what to expect,26 which for many people are more convincing
knowledge than science-based generalizations.27 Other proximal outcomes of
CHESS hypothesized but not yet documented include acquisition of skills (from the
decision aid or from newly added explicit training in cognitive-behavioral therapy
and relationship skills), and accurate disease perceptions.28

Although a number of these proximal outcomes have been demonstrated as effects of
CHESS, the research does not so far allow us to clearly link use of the indicated
portions of CHESS with those effects. Almost all CHESS research has employed
randomized-control designs in which access to the entire system of services is

iiThe authors are grateful to Willliam Rakowski of Brown University, who provided this insight and led initial discussions during the 2-
day conference that led to initial development of the model.
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contrasted with access to usual care or access to other materials or to the Internet
generally. Individuals within the experimental groups do of course vary considerably
in their use of the system portions of interest, but of course those differences are self-
selected as well as covarying with many other characteristics.

However, although clear evidence linking particular content rather than a whole e-
health system to proximal outcomes is difficult and awaits further research, that is not
the main point of this step of the model. Instead, specifying proximal outcomes
(themselves hypothesized to affect SDT concepts in Step 4) forces us to examine
system design and content to ensure that the ‘active ingredients’ necessary to create
proximal outcomes exist. Further, such reflective and detailed examination of system
content helped us identify additional outcomes for future measurements, such as
disease beliefs and skills knowledge.

Steps 2 and 3. Step 2 represents an interaction that often occurs as an individual
difference in communication processes. More importantly, Step 3 illustrates the
belief, held by the current authors, that effective e-health systems can feed this
amplification, and that e-health designers can work to increase this effect.

Elaboration and deliberation strengthen stimulus effects. In mass communication,
where passive and uninvolved reading and viewing are commonplace, readers or
viewers who are more cognitively active are generally more affected by information
or other beneficial effects and more able to defend themselves against persuasive
messages.2%:30:31,32 Even though there is probably much less individual variation in
cognitive activity among cancer patients than with mass communication generally,
there is some CHESS research1#:1% indicating that more active, thoughtful use leading
to greater quality-of-life benefits.

Previous studies by the current authors have not attempted any direct measurement
of cognitive processing, at best inferring it from differential patterns of system use.
14,15 However, the current study draws on a body of research on what are probably
two key cognitive processes, elaboration and deliberation.33 Elaboration relates new
information to existing knowledge, thus producing richer and connected meanings,
34 while deliberation refers to evaluative processes, primarily weighing alternatives.
CHESS evaluations now underway incorporate a set of survey items tapping
elaboration and deliberation that pop up at scheduled points in CHESS use sessions.
This is not quite the same as thought-listing interviews,3° but placing the items during
naturally occurring use sessions should be less intrusive and artificial. It is
hypothesized that greater elaboration and deliberation will be associated with
increased effects on proximal outcomes, manifested as either or both of larger changes
for those who elaborate and deliberate more, or by changes in correlations between
amount of system use and proximal outcomes. In effect, the ‘active ingredients’ of
CHESS discussed in Step 1 should become even more active as a user elaborates and
deliberates on them.

CHESS encourages cognitively active communication reception and use. This has
been a central tenet of CHESS design and of thinking about interactive media
generally,36:37 starting with the relatively simple notion that the necessity of repeated
selection and navigation leads to at least a minimal degree of cognitive activity by
users of interactive media. But beyond this, interviews with CHESS users (and this
is sure to be true of many other e-health websites) suggested that as different portions
of CHESS are used over time (or the same portion is used repeatedly), explicit
connections among parts of CHESS guide elaboration and encourage the user to find
his/her own connections. Similarly, CHESS content continually emphasizes the
importance of being actively engaged in one’s health care, and this responsibility

Am J Prev Med. Author manuscript; available in PMC 2011 January 1.
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requires both elaboration and deliberation, as well as autonomy, competence and
relatedness.

This hypothesis has not previously been directly tested, but the measures of
elaboration and deliberation will shortly allow us to perform such a test, by asking
the questions during an initial CHESS use session and then again after the individual
has had time to use the system and perhaps increase their level of cognitive elaboration
and deliberation during use.

Proximal outcomes help people fulfill their needs for autonomy, competence and
relatedness. Recent research on SDT-based interventions has emphasized the
importance of internalizing autonomous self-regulation and feelings of competence.
22 Most SDT intervention research so far has focused on autonomy support: “eliciting
and acknowledging patients’ perspectives, supporting their initiatives, offering choice
about treatment options, and providing information, while minimizing pressure and
control.”38 The sorts of effects discussed under proximal outcomes (e.g., specific
health competencies, perceived social support, skills, disease beliefs implying both
personal responsibility and achievable goals) are each narrow and specific expressions
of general autonomy, competence and relatedness. Thus, for example, attaining
specific competencies reinforces one’s overall sense of competence, and probably
favorably affects autonomy as well. However, these sorts of linkages have not yet
been tested in e-health and are also largely untested in SDT research generally (see
23 for a partial exception).

Proximal outcomes directly affect behavioral outcomes, thus ‘stepping around’ the
constructs of self-determination theory to have direct effects. Behavioral outcomes
downstream from general need satisfaction but upstream from quality of life would
include such things as treatment adherence, improved personal relationship behaviors,
proactive use of the healthcare system, self-monitoring, caregiving, positive diet and
exercise behaviors, and smoking cessation. As examples of such direct effects, skills
acquisition and practice may allow a person to improve relationship quality, goals
and values clarification can alter behavioral intent to engage in adherence or other
self-management behaviors, and knowledge can lead to more efficient use of
healthcare resources. Again, this aspect of the model has not been tested, but should
be relatively straightforward to assess once relevant proximal outcomes, behavioral
outcomes, and SDT concepts are separately measured in the same study.

Autonomy, competence and relatedness affect behavioral outcomes. As noted earlier,
adequate levels of one or more of these self-determination theory constructs may be
a necessary condition to carry out a particular behavior outcome, and this has been
the focus of considerable SDT research.22:23:38 Some recent research also suggests
that balance among them may be more important than higher levels of individual
constructs in certain situations.?!

Autonomy, competence and relatedness affect QOL. This is also a central result of
research on SDT. Whereas deficits in autonomy, competence and relatedness
undermine various dimensions of QOL, fulfilling these basic needs supports them.
However, it is a valid question yet to be addressed whether this direct link exists or
works only through the behavioral outcomes.

Behavioral outcomes affect QOL. The point of this link is that a wide variety of
effective, positive behaviors, such as health self-management, more effective use of
the healthcare system, treatment adherence, relationship building and maintenance,
coping skills, and so on, themselves improve one’s actual quality of life and thus one’s
perception of it as well.
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1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pingree et al.

Page 7

Recursive links. Because use of CHESS or similar e-health systems occurs over
considerable time involving potentially very large numbers of episodes of use, Figure
1 may be misleading in outlining a linear process. Quite likely many changes on the
‘right-hand’ side of the model have the potential to cause further change in elements
to their left. But three relationship sets seem particularly likely to be important, and
pursuing them is advocated. (1) Greater general competence and autonomy feed back
to encourage even more active processing in further interactions with the e-health
system. (2) Some behavioral outcomes may directly affect autonomy, competence
and relatedness, a reciprocal of link #6. (3) Success at many of the behaviors instigated
by CHESS - treatment adherence, self-monitoring, proactive use of the healthcare
system — should itself help to build competence, and perhaps autonomy and
relatedness as well.

This model is the result of induction after considerable research and experience on different
aspects of e-health design, implementation, use by patients and their families, and analysis of
quality of life and other outcomes. Put differently, it was developed as an attempt to understand
and explain observed effects of CHESS on quality of life. As such, the model is intended to
stimulate research testing it or variations of it with CHESS or other e-health systems.

But where this model should be important, and what it is particularly good for, is in improving
e-health interventions, especially those designed to provide multiple inputs over time to support
quality of life. The model invites developers and researchers to fill in any two or more of the
boxes in Figure 1. Addressing e-health developers (including the current authors), questions
are posed, such as: Just what are the active ingredients of your system? What proximal
outcomes do you think each is affecting? Can you show, either experimentally or through post
hoc analyses of different use patterns among the supposed active ingredients, which effects of
linkage #1 exist and which do not? Once you have shown some proximal outcomes to directly
result from your system, do those effects move on to enhance autonomy, competence and
relatedness or in any other way affect quality of life? There are of course many more questions,
but these are some important starting points for e-health, and answering them will allow us to
produce e-health systems that are more effective by serving their users better.

It is believed that both the overall message and the causal analyses offered have general
relevance to many e-health interventions. This is due to several factors: (1) the relevance of
QOL to many health conditions and outcomes; (2) the general relevance of SDT mechanisms
to a wide variety of health and behavioral health outcomes; and (3) the fact that CHESS
comprises both representative e-health treatment elements and targets proximal outcomes of
general relevance (information store, skills, support, and QOL). The current arguments for
generalizability are supported by observations of specific relationships between self-efficacy
and a variety of outcomes such as smoking cessation,39 perceived support, and diverse health
outcomes of breast cancer,40 and autonomous motivation and multiple health outcomes.19

But of course this is not the only model possible. Others will want to (and should) amend or
replace it to better apply to their own mix of outcomes, intervention tools and social and
psychological mechanisms. For example, it is assumed that e-health interventions to support
smoking cessation behaviors, although perhaps finding some utility in SDT, will utilize a quite
different intervention ‘toolbox” and mechanisms that include pharmacologic as well as
psychosocial elements. Where prevention behaviors (immunizations, early-detection testing)
are the goal, current practice suggests that the implicit models rely heavily on cognition and
attitudes, requiring considerable theoretic elaboration around these elements. Including
intervention elements such as feedback or other tailoring techniques to boost elaboration and
deliberation may be particularly important for e-health prevention.4! E-health interventions
targeting lifestyle prevention behaviors (e.g., diet, exercise) likewise probably share some
elements with the current model and other prevention models, but probably need considerable
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elaboration of feedback and reward loops. Other goals may require quite different theory.
CHESS and like systems are entirely patient-focused, but designing e-health to support patient-
centered clinical functioning may draw on theories about individual perception and decision-
making, but must also focus on issues of organizational structure and individual and group
behavior within organizations, which will result in very different theoretic models.

Nonetheless, whether the above model proves widely useful or in the end only to the current
authors and a few other researchers, it is hoped that the need is clear for a cohesive theory and
for some such model to be a part of e-health research and development. Thinking theoretically
guides the initial development process, forcing an explicitness and specificity necessary to all
intervention research. Such initial thinking about just what should make up one’s intervention
can avoid much wasted effort. This is probably particularly true for e-health, where so much
of what is done is new and untested. Further, specifying the ‘innards’ of one’s theory (i.e., the
intervening steps and processes) forces clarity and offers proximate outcomes that will likely
be more useful initial measures than distal outcomes, effects on which are likely to be both
delayed and contaminated by other causes. And assumptions about processes adopted from
other contexts may serve as a good starting place, but deserve to be tested explicitly when
moved to new contexts such as e-health.

As e-health development and testing proceeds, having an explicit theoretic model also provides
a clear framework for correction and adaptation of one’s intervention. Seeing what proximal
outcomes are and are not affected should direct developers to refocus their efforts: altering
content, adding or replacing active ingredients, or even more drastically reshaping either the
outcomes or the theory itself. The point is that both initial development and iterative
improvement of e-health benefit enormously from explicit theoretic statements about what
constitutes the intervention and how it is believed to work.
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Figure 1.
An e-health effects model
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