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Abstract
Background There has been a notable disconnect between 
theories of behavior change and behavior change inter-
ventions. Because few interventions are both explicitly and 
adequately theory-based, investigators cannot assess the 
impact of theory on intervention effectiveness. Theory-
based interventions, designed to deliberately engage the 
theory’s proposed mechanisms of change, are needed to 
adequately test theories. Thus, systematic approaches to 
theory-based intervention development are needed.
Purpose This article will introduce and discuss the 
psychometric method of developing theory-based 
interventions.
Methods The psychometric approach to intervention 
development utilizes basic psychometric principles at 
each step of  the intervention development process in 
order to build a theoretically driven intervention to, 
subsequently, be tested in process (mechanism) and 
outcome studies. Five stages of  intervention develop-
ment are presented as follows: (i) Choice of  theory; (ii) 
Identification and characterization of  key concepts and 
expected relations; (iii) Intervention construction; (iv) 
Initial testing and revision; and (v) Empirical testing of 
the intervention.
Results Examples of this approach from the Colorado 
Meaning-Activity Project (COMAP) are presented. 

Based on self-determination theory integrated with 
meaning or purpose, and utilizing a motivational inter-
viewing approach, the COMAP intervention is indi-
vidually based with an initial interview followed by 
smart phone–delivered interventions for increasing daily 
activity.
Conclusions The psychometric approach to interven-
tion development is one method to ensure careful 
consideration of  theory in all steps of  intervention de-
velopment. This structured approach supports devel-
oping a research culture that endorses deliberate and 
systematic operationalization of  theory into behavior 
change intervention from the outset of  intervention 
development.

Key words  Theory • Intervention development • 
Psychometrics • Behavior change

Introduction

Human behavior has important ramifications for health 
and wellness. Cigarette smoking, sedentary lifestyle, high 
calorie dietary consumption, and unprotected sexual 
intercourse are examples of behaviors associated with 
harmful health outcomes at both population and indi-
vidual levels [1]. Consequently, one characteristic of a 
robust health care system is the ability to effectively en-
courage participation in healthy behaviors and dissuade 
engagement in unhealthy or harmful practices. Realizing 
the importance of behavior to health outcomes has led 
to an increase in efforts to both understand the determi-
nants of behavior and develop interventions to change 
behavior [2]. Unfortunately, the overall success of be-
havior change interventions is modest and the evidence 
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for successful maintenance of long-term changes, ne-
cessary for lasting health impacts, may be described as 
weak [3]. Some [4] have argued that behavior change 
interventions would be stronger, producing greater and 
more lasting behavior change, if  they were more reliably 
and carefully grounded in established theory of behavior 
change. Yet, for a number of reasons, this remains a 
reasonable proposition rather than an empirically sup-
ported statement.

The large number of theories to choose from when 
one is developing a behavior-change intervention pre-
sents the first serious obstacle to theory-based interven-
tion development. Davis and colleagues [5] conducted 
a scoping review that identified 82 separate theories of 
behavior change, but they found that just four theories 
accounted for 63 percent of the articles that they iden-
tified. Frequency of appearance in published articles 
was not, however, related to the quality of support-
ing research. In fact, there is currently no agreed upon 
approach to guide the decision of what theory(ies) to 
base one’s behavior change intervention on [6]; indeed, 
that answer itself  is guided by the investigators’ a priori 
theoretical perspective.

Although many behavior-change interventions claim 
to be based on one or more particular theory or theo-
ries [7], and there is evidence for an increasing trend in 
this direction [8], a substantial proportion of  interven-
tion studies make no claim to being theory based [9]. 
A meta-analysis by Davies et al. [7] found that only 22.5 
percent of  235 implementation studies explicitly iden-
tified theories of  behavior change. A slightly more re-
cent review [9], limited to only the physical activity and 
healthy eating literatures, produced somewhat stronger 
results with 56 percent of  the interventions reporting a 
theory base. Yet 90 percent of  these interventions did 
not report links between behavior change techniques 
and specific theoretical constructs. The review con-
cluded that interventions based on Social Cognitive 
Theory and the Transtheoretical Model were no more 
effective than interventions not reporting a theoretical 
base. Generally, it remains unclear whether interven-
tions that are developed with reference to theory are 
associated with larger beneficial effects, no difference 
in effects, or worse effects [9] when compared with non-
theoretically driven interventions. Other authors [9–11] 
have thoroughly characterized the behavior-change 
intervention literature noting many deficiencies that 
may help explain these inconsistencies. Briefly, it is 
often unclear how the specific theory was incorporated 
into intervention development, and description of  the 
actual intervention is often too general, or limited, to 
foster a clear understanding of  the theoretical basis for 
the intervention [5]. Furthermore, studies that assess 
intervention outcomes often fail to account for the 

role of  the proposed causal mechanisms of  behavior 
change that are central to the particular theory. A 2010 
review found that only 10 percent of  studies of  theo-
ry-based interventions reported links between behav-
ior-change techniques and theoretical constructs and 
only 9 percent reported that all theoretical constructs 
were targeted by behavior-change techniques [12]. 
More recently, Murray et al. [13] reviewed the literature 
on maintenance of  physical activity interventions and 
concluded that proper methodological investigation of 
behavior-change mediators was, essentially, absent. Of 
eight studies that conducted formal tests of  mediation, 
only one examined mediators prior to the main physical 
activity outcome measure.

Despite the noted deficiencies in the literature and 
the lack of clear evidence to support theory-based inter-
ventions, there remain a number of potent advantages 
to developing interventions based on explicitly stated 
theory. A theory has been defined as “A set of concepts 
and/or statements with specification of how phenomena 
relate to each other. Theory provides an organizing de-
scription of a system that accounts for what is known, 
and explains and predicts phenomena” (5, p. 5). Similarly, 
Rimer and Glanz [14] noted, “A theory presents a sys-
tematic way of understanding events or situations. It is 
a set of concepts, definitions, and propositions that ex-
plain or predict these events or situations by illustrating 
the relationships between variables” (p.  4). There are 
other definitions as well, and we should note that there is 
a lack of clarity in terms of what differentiates a theory 
from a model, framework, or orientation [5]. But what 
is clear is that theories are systematic; they characterize 
relationships based on explicit reasoning that (a) is open 
for public debate and (b) produces hypotheses that are, 
at least in principle, capable of being subject to empirical 
examination.

It is perhaps useful to consider the alternative, that 
is, the development of behavior-change interventions 
without reference to clearly stated theory. Although 
some argue that practitioners find theory irrelevant for 
behavior change [15, 16], it is difficult for us to envision 
how someone would decide upon the methods or tech-
niques of behavior change to utilize with which patients 
or clients in the absence of some type of “theory,” be it 
one based on folk wisdom, intuition, or another source. 
Stated differently, interventionists or investigators must 
have, a priori, a rationale or underlying theory/principle 
for choosing the intervention approach that they choose. 
Although this rationale, or underlying theory, may be 
implicit or not deliberately systematized, it nevertheless 
functions as a theory. We contend that efforts to make 
implicit rationales explicit and to systematize principles 
will produce more replicable and generalizable interven-
tion approaches. When striving for scientific rigor in 
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intervention development, implementation, and evalu-
ation, it is advantageous to be both explicit and system-
atic when it comes to theory.

Particular benefits of explicit use of theory in inter-
vention research were cited by Michie and Prestwich 
[12]. First, identifying a particular theory can facilitate 
intervention development. A  theory identifies the key 
constructs to target to create change in the behavior 
of interest and guides intervention technique selection 
based on which are best suited to change the target 
construct(s). Second, using a theory-based framework 
allows for accumulation of evidence, supportive and 
nonsupportive, regarding that particular theory and its 
relevance and effectiveness across a range of applications 
and populations. Third, by identifying mechanisms of 
change, theories aid in determining why an intervention 
was or was not successful and how it might be altered 
to increase its efficacy and effectiveness. Theories also 
guide the interventionist to remain consistent in choice 
of strategies or techniques, influence decisions regarding 
who is appropriate to receive the intervention, and help 
identify what behavioral targets are most conducive and 
important to change.

Given this state of the research, several teams of inves-
tigators have undertaken efforts to rectify what might 
be called the “theory-intervention gap.” The efforts of 
Michie and colleagues in developing a (a) taxonomy of 
behavior change techniques, (b) coding scheme for the-
ories, and (c) protocol for linking behavior change with 
theoretical mechanisms are commendable [10, 12, 17, 18]. 
The Intervention Mapping approach of Bartholomew 
and colleagues [6] has also contributed substantially to 
this work as has the framework for the design and evalu-
ation of interventions to improve health [19]. Recently, 
the Obesity-Related Behavioral Intervention Trials 
(ORBIT) Consortium [20] proposed guidelines for devel-
oping behavioral interventions modeled on the process 
of drug development. The group offered a set of com-
pelling, flexible, and potentially clinically relevant proce-
dures to guide the process, though this approach does not 
explicitly emphasize a theoretical basis for intervention 
development. We applaud all of these efforts, view them 
as meritorious, and have no quarrel with what they pro-
pose. Yet when we recently sat down to develop a theo-
ry-based behavior change intervention of our own, many 
very practical questions remained unanswered. The most 
important of these pertained to: How do we: (a) oper-
ationalize theory and (b) assess these operationalizations 
during intervention development so that we can be confi-
dent that our intervention, if  correctly implemented, will 
“behave” consistent with theory?

As we undertook the challenge of developing a 
 theory-based behavior-change intervention, it occurred 
to us that the task before us was very similar to what 
is encountered during the design of a new measure of 

a psychological construct. When designing a new psy-
chological measure, the test developer must engage in a 
series of relatively well delineated steps that include the 
following: (a) definition, based on theory and current 
understanding, of the construct in question; (b) char-
acterization of the construct in terms of how it will re-
late to other constructs, both similar and discrepant, in 
order to gather evidence for construct (convergent and 
discriminant) validity; (c) generation of a bank of test 
items based on the definition and understanding of the 
construct and assessing their content validity; (d) initial 
testing of the new measure with subsequent revision; and 
(e) final testing of the psychometrics and validity of the 
new measure [21]. Similarly, the psychometric approach 
to development of theoretically based behavior-change 
interventions we developed includes the following: (a) 
clear and explicit theory definition; (b) identification of 
key constructs of the behavior-change theory and how 
the constructs of the theory should “behave” relative to 
other constructs that are expected to demonstrate con-
sistent positive relations, consistent negative relations, 
and no or limited relations; (c) initial construction of 
an intervention, including the specific set of techniques, 
that operationalize the theory; (d) initial testing and re-
vision of the intervention with an emphasis on how the 
intervention constructs/techniques relate to measures of 
mediation and moderation; theoretical validity; and (e) 
empirical testing of the efficacy of the intervention with 
examination of mediation and moderation effects. These 
steps, taken together, result in construction and assess-
ment of the theory-intervention “nomological network”; 
a term first introduced in the context of construct val-
idation of psychological test construction by Cronbach 
and Meehl [22].

What follows is a demonstration of our approach to 
the development of a theoretically based behavior change 
intervention. Our goal is to suggest a way of thinking, 
and set of procedures to utilize, when approaching the 
problem of theory-based intervention development 
that incorporates and emphasizes theory at each step 
in the intervention development process. The particular 
procedures that we employ to guide this construction 
are rooted in psychometric principles and their empir-
ical verification. To accomplish our goal, we provide an 
example from our work of how one might apply these 
principles in intervention development. We are not sug-
gesting that this be viewed as a rigid step of procedures 
to be followed precisely without deviation. But we do 
believe that the methods for assessing construct validity 
of a new psychological measure are transferrable to the 
ways of assessing theoretical (construct) validity of an 
emerging behavior-change intervention. We are also not 
suggesting that this work can or should replace careful 
post-development testing of the intervention by means 
of assessment of mechanisms and mediation in outcome 
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studies. The aim of our project is to influence the pro-
cess of initial development of the intervention with the 
goal of increasing confidence that, when the resource in-
tensive outcome studies are subsequently conducted, the 
evidence gathered will provide a solid test of the theory 
upon which the intervention is based.

Steps of Theory-based Intervention Development: 
Example From Colorado Meaning-Activity Project

Our task was to create a theory-based smart phone 
intervention to increase physical activity over the long 
term. Throughout this article, we reference the Colorado 
Meaning-Activity Project (COMAP) intervention devel-
opment process as a case example to illustrate the steps 
of the psychometric approach to theory-based interven-
tion development with the goal of expanding thinking, 
discussion, and practice in this area. COMAP is used 
simply as an example, not an exemplar, with no claims 
made regarding its quality or efficacy. We present the 
steps we took to developing and initially testing a theory-  
based intervention (Fig. 1).

Step 1: Choice of Theory (or Theories)

Theoretically based interventions must have a theory. We 
previously noted the twin problems of the abundance 
of available theories and the lack of an agreed upon 
approach to the choice of theory. What seems clear is 
that human behavior is exceedingly complex, both influ-
encing and being influenced by variables too numerous 

to elucidate, that exist in continuous and interacting feed-
back loops. Thus, it is inconceivable that any one theory 
will, uniquely and sufficiently, account for all behavior 
and behavior changes. However, humans have been pon-
dering behavior change for millennia resulting in the cur-
rently available theories that, though unlikely to contain 
all that needs to be known about behavior change, are 
quite likely to contain some of  what needs to be known 
for changing behaviors.

After identifying the particular health behaviors and 
populations that will be targets of intervention, as well 
as previous empirical work in the area, we encourage 
interventionists at this early stage to brainstorm around 
less formal theories. This includes examining what they 
have observed in their professional practices among 
those both successful and unsuccessful in making and 
sustaining behavior change, considering exemplars of 
behavior change, and even inspecting their personal 
processes of behavior change. These data likely already 
form core aspects of the implicit behavior change theo-
ries held by professionals. Part of the process of making 
these notions explicit involves careful deliberation and 
consideration of them in light of more formalized theo-
ries. This process opens the door to examination of both 
implicit and formal theories and may initiate a process 
of theoretical innovation that integrates practice and 
theory.

From the outset, as we developed COMAP, we were 
guided by a number of  considerations. First, we were 
aware that behavior change needs to be lasting over 
the long term but current interventions demonstrate 

Step 1

Choose theory

Explicitly identify 
formal theory or 
theories that will 
serve as the 
foundation of the 
intervention

Brainstorm about 
more implicit 
theories by drawing 
upon personal or 
professional 
experience

Integrate formal 
and implicit 
theories

Step 2

Identify and 
characterize key 

concepts and 
expected relations

Identify theoretical 
mechanisms of 
change

Adequate sampling 
of techniques 
targeting theoretical 
mechanisms of 
change

Design the 
theoretical-
intervention 
nomological 
network

Step 3

Intervention 
construction

Choose mode of 
delivery

Match theoretical 
mechanisms to 
intervention 
techniques

Have experts test 
theory intervention 
fidelity (TIFT)

Create an 
intervention manual 
with information on 
theoretical basis

Step 4

Initial testing and 
revision; with 
emphasis on 

theoretical validity

Gather feedback on 
intervention from 
target population 
(e.g., focus groups)

Conduct pilot test to 
acquire 
acceptability/ 
feasibility data

Assess participant 
perceptions of 
theory-intervention 
fidelity (TIFT)

Make iterative 
changes as needed

Step 5

Empirical testing

Examine efficacy of 
intervention in 
changing behavior

Measure theoretical 
mediators

Examine whether 
the intervention 
changed theoretical 
mediators and 
change in mediators 
is related to change 
in behavior

Fig. 1. Steps to a psychometric approach to theory-based behavior-change intervention development.
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primarily short-term success. This led us to consider 
both the importance of  interventions aimed at behavior 
change maintenance and the prospect that there is 
room, and probably need, for innovation. Our under-
standing of  humans was centered on existential litera-
ture and awareness that humans are inherently driven 
to seek meaning and purpose (M/P) [23]. Furthermore, 
there are notable examples wherein M/P have demon-
strated tremendous motivational power for influencing 
behavior, but M/P have rarely been studied in the con-
text of  health behavior change, with some exceptions 
[24, 25]. Although there are many commonalities among 
people in terms of  their M/P, we presumed that there 
was also likely to be significant individual contextual-
ization for M/P. Consequently, individual adaptation of 
the intervention would be needed. Finally, our search 
of  both the theoretical and empirical literatures led us 
to self-determination theory (SDT) [26] as a theoret-
ical basis for our intervention and motivational inter-
viewing (MI) as a basis for the intervention approach 
[27]. SDT is a relatively young and promising approach 
upon which to build innovative interventions to enhance 
long-term maintenance. SDT posits that behaviors that 
are internalized or intrinsically motivated are more 
likely to be maintained than behaviors that are external-
ized or extrinsically motivated. MI is a widely used be-
havior change method that has been applied with many 
populations and in a variety of  health care settings. It is 
egalitarian and collaborative in nature, respects patient 
autonomy, and utilizes a nonconfrontational approach 
to explore and resolve ambivalence toward behavior 
change. One technique often used in MI includes evalu-
ation of  how behavior aligns with patient values and in 
instances of  discrepancy, MI highlights this discrepancy 
to build motivation for behavior change.

An innovative aspect of  our intervention, stemming 
from the existential literatures, and compatible with 
SDT and MI, was an emphasis on a new construct, 
meaning salience, defined as “the extent to which mean-
ing stands out or is conspicuous to individuals (the de-
gree they are aware of  what makes their lives meaningful 
and their sense of  purpose during their daily activities; 
28, p. 6). This idea was expressed by Frankl [29] when he 
stated, “…the meaning of  life differs from man to man 
(sic), from day to day and from hour to hour. What mat-
ters, therefore, is not the meaning of  life in general but 
rather the specific meaning of  a person’s life at a given 
moment” (p.  108). For example, if  an individual finds 
engaging in activities with grandchildren meaningful, 
awareness of  this aspect of  meaning in the moment may 
increase the likelihood of  that individual engaging in 
activities, such as being physically active, that enhance 
the ability to fully enjoy time with the grandchildren. 
Thus, the intervention would need to target meaning 
salience. Interested readers are referred to Hooker, 

Masters, and Park [28] for a more complete discussion 
of  meaning salience.

Step 2: Identification and Characterization of Key 
Concepts and Expected Relations—The Nomological 
Network

When developing a new psychological test, it is important 
to build in the construct validity of the new measure dur-
ing its development. A measure of depression would, for 
example, be expected to include items assessing mood, 
energy, sleep, sex, appetite, and certain behaviors (e.g., 
assessment of work engagement) and certain cognitions 
(e.g., negative self-judgments) relevant to depression. 
The new scale would be designed in order to adequately 
sample among these characteristics. Similarly, the psy-
chometric approach to intervention development begins 
by identifying the key foundational behavior-change 
concepts embedded in the theory upon which the inter-
vention is based and then strives to adequately sample 
and include these “therapeutic ingredients” in the devel-
oping intervention. For COMAP, we identified SDT 
with an emphasis on meaning salience and with a MI 
approach as foundational for the intervention. Thus, it 
was important that the intervention be developed to spe-
cifically target important constructs from these theories 
such as relatedness, competence, autonomy, and mean-
ing salience.

Having identified the key concepts or characteris-
tics of the construct to be measured, psychological test 
developers next consider the nomological network [22] 
of relations pertaining to the variable being measured. 
Based on theory and understanding of the measured 
construct, an assessment of it would be expected to form 
predictable patterns of relations with other constructs. 
For example, a test of depression would be expected to 
relate positively, but not perfectly, with measures of anx-
iety and sadness, negatively with measures of happiness, 
and perhaps have weak if  any relations with measures of 
intelligence. In like manner, a new theory-based behav-
ior-change intervention should result in changes in a 
certain direction in targeted constructs though leaving 
other, nontargeted, constructs relatively unchanged. 
Thus, if  increasing one’s sense of competence or ability 
to experience meaning salience is deemed theoretically 
important to effecting behavior change, then the inter-
vention needs to be designed in such a manner that it 
specifically targets these constructs from the outset.

Many readers will recognize that development of the 
interventional nomological network amounts to iden-
tification and specification of the expected mediators 
and mechanisms of behavior change within the inter-
vention. Importantly, it is the theory that identifies what 
constructs should be considered mechanisms of change. 
Kazdin [30] provides a detailed and quite relevant 
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discussion of these and related issues in the context of 
psychotherapy research. For our purposes, we note that 
the mechanisms provide the basis for change. That is, 
“mechanisms are the processes or events that are respon-
sible for the change; the reasons why change occurred 
or how change came about” (30, p.  3). Deliberately 
designing the intervention to target theoretically derived 
mechanisms of change is the essence of theory-based inter-
vention development. Just as the nomological network for 
a new psychological measure can be drawn out in detail, 
with relationships specified, during initial steps in test 
construction, so too can the theory-based intervention 
nomological network be explicitly constructed during 
the initial stages of intervention development.

Step 3: Intervention Construction

Having determined the appropriate population and 
intervention goals, selected the theoretical basis for the 
intervention, and developed the interventional nomo-
logical network, the next steps are to determine the best 
mode(s) of delivery and the actual content of the inter-
vention. Should the intervention be delivered online, via 
smart phone, individually in-person, in a group format, 
through a community or faith-based organization, a 
combination of the above, or through some other mode? 
Obviously, characteristics of the specified population 

and the goals of the intervention receive significant con-
sideration in these decision processes.

Careful consideration of the theoretical basis for the 
content of the intervention is the next step. The con-
struction of the intervention is guided by attention to 
all of the factors noted above, but central to them is the 
network of identified theoretical mechanisms and their 
linkage to specific expected behavioral outcomes. To ad-
equately conceptualize these relations, a table (chart or 
diagram, some type of visual organizational structure) 
is necessary. Table  1 provides an example of some of 
the steps used in COMAP. This table displays the link-
age between intervention components and the targeted 
mechanisms derived from the theory. The process of de-
velopment of this table is likely to be iterative, with ad-
justment of theory as well as intervention components. 
In the end, though, to have a theory-based intervention, 
agreement between the intervention strategy and the the-
oretical mechanism that it targets is critical.

Following completion of these tasks, an important, 
empirically derived, aspect of the psychometric approach 
that we termed the Theory-Intervention Fidelity Test 
(TIFT) is initiated. The TIFT is designed to build theor-
etical validity checks into the intervention development 
process before the intervention is fully developed and be-
fore it is delivered to participants. Based on the interven-
tion nomological network, members of the research team 

Table  1 Examples of Colorado Meaning-Activity Project (COMAP) Intervention Modality, Targeted Theoretical Constructs, and 
Specific Activities

Intervention modality Targeted construct Specific activity

Participant initial individual interview with 
interventionist

Meaning/Purpose Explore with individuals what is valuable and meaningful 
to them

Participant initial individual interview with 
interventionist

Meaning/Purpose Explore ways to connect what brings M/P to participants’ 
lives with physical activity

Participant initial individual interview with 
interventionist

Meaning/Purpose; Develop dis-
crepancy (MI)

Demonstrate a current disconnect between what par-
ticipants’ find meaningful and how they are currently 
behaving regarding physical activity

Participant initial individual interview with 
interventionist

Meaning/Purpose; Autonomy 
(SDT)

Participants indicate times of day that they would most 
benefit from receiving text messages

Participant initial individual interview with 
interventionist

Autonomy (SDT) Patient chooses how would like to increase PA

Text message: Personalized messages with ref-
erence to significant others

Relatedness (SDT) Participants receive messages relating important people 
in their lives with meaning and PA

Text message: affirmations/positive reinforce-
ment in messages

Competence (SDT) Create text messages tailored to reflect participant’s pro-
gress and provide encouragement; pointing out what 
participant is doing well

Text message: individually tailored messages 
(push notifications) through smart phone 
delivered at opportunistic times

Meaning salience Connect M/P to activity on a daily basis; increase sa-
lience of what is meaningful/purposeful/valuable to 
participant

Text message: reinforcing rationale of 
connecting M/P with PA, delivered via 
smartphone

Meaning/Purpose; Autonomy 
(SDT)

Deliver information regarding the importance of PA for 
engaging in M/P activities; however, directive language 
such as “should” or “must” is avoided. This informa-
tion is offered in-person and via text messages

MI motivational interviewing; SDT self-determination theory; M/P meaning and purpose; PA physical activity.
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and experts in behavior change are recruited to provide 
TIFT ratings to determine the extent that the identified 
aspects of the intervention are judged to align with the 
appropriate aspects of the theory and the correspond-
ing theoretical mechanisms that it targets. This is not a 
simple or quick step. It requires the following: (i) recruit-
ing experts, or at least those with knowledge of behavior 
change who are willing to devote time to the study (albeit 
not necessarily a large amount of time); (ii) constructing 
definitions for a glossary of the theoretical mechanisms 
identified for the intervention; (iii) constructing defini-
tions for a glossary of theoretical mechanisms not identi-
fied for the intervention; and (iv) constructing a measure 
that describes specific intervention strategies with the 
opportunity for experts to provide ratings of how well 
the strategy targets particular mechanisms. Importantly, 
we include ratings for mechanisms that we, as a develop-
ment team, believe are targeted by the intervention and 
we also include possible mechanisms that we did not in-
tend to target as a test of discriminate validity.

An example may be informative. In COMAP, we uti-
lized an initial interview to individually explore with 
participants what they found to be meaningful and pur-
poseful. We asked experts to rate this intervention com-
ponent (0–10) in terms of how much it targeted M/P, 
social support, relatedness, and competence. We were 
not only interested in the absolute value of each rating 
but also in the relative rankings of them. We, the inter-
vention developers, believed the interview was primarily 
targeting M/P with lesser amounts of social support and 
relatedness and very little if  any competence. If  the ex-
pert ratings agreed with these predictions, this would be 
interpreted as support for the theoretical validity of the 
intervention strategy. If, however, they disagreed either 
in terms of absolute or relative value, this would be seen 
as a possible mismatch in need of further refinement. 
This step should not be confused with treatment integ-
rity measures that are often used in intervention stud-
ies to ascertain the degree to which the intervention is 
delivered in accord with its intended manner of delivery. 
Rather, this theoretical validity step is more basic and 
primary. The intent here is to determine whether the 
intervention, as constructed, is in accord with the theory 
underlying its development.

The final step in the intervention construction stage 
is one that is common to many psychotherapy and 
behavior-change interventions, that is, creation of an 
intervention manual. Developers need to be able to 
train interventionists to faithfully implement the inter-
vention and to standardize the intervention to maintain 
adherence to the theory and to test it appropriately. All 
intervention manuals provide detail on the specific steps 
of the intervention. We recommend, however, an add-
itional component when attending to a theory-based 
intervention. Depending on the precise nature of the 

intervention, there may be more or less opportunity for 
relatively unscripted interactions between intervention-
ists and participants. A smartphone-based intervention 
may be closely scripted, using computer algorithms, with 
relatively little opportunity for spontaneous interactions. 
A complex lifestyle intervention where participants meet 
in groups to learn new ways of cooking and adhering to 
increased levels of activity may, on the other hand, be 
much more dependent on spontaneous, or “just-in-time,” 
interactions [31, 32]. In fact, these interactions may prove 
pivotal in terms of the likelihood of successful outcomes. 
In order to be able to take advantage of these real-time 
interactions, and maintain the theoretical integrity of 
the treatment, interventionists need to be exquisitely 
familiar with the theoretical basis of the intervention. 
Consequently, the treatment manual needs to provide 
quality and in-depth information on the theoretical basis 
of the intervention.

Step 4: Initial Testing and Revision; With Emphasis on 
Theoretical Validity

When developing a new psychological test, once the test 
constructors are satisfied that they have sufficient evi-
dence of construct validity, the test is then revealed to a 
representative sample of those for whom it is intended. 
This may require a couple of steps. Test evaluators may 
be asked initially to comment on aspects of the test that 
are analogous to the feasibility and acceptability of an 
intervention. These could include assessment of char-
acteristics such as the test’s length, relevance to the in-
tended construct, language, readability, appearance, level 
of difficulty in responding, and so forth. After making 
adjustments, the test is next administered to another 
group or groups. The data from these administrations 
form the basis for item analyses, factor analyses, sub-
scale development, and other empirical determinations 
of how the test functions when administered to its in-
tended audience. This may or may not result in an itera-
tive process with subsequent edits and administrations, 
but, in the end, it leads to the initial version of the test.

We suggest similar steps in theory-based interven-
tion development. One approach to doing this is to hold 
focus groups with members of the population for whom 
the intervention was developed. In these groups, the 
intervention developers present the intervention com-
ponents and elicit feedback from potential participants. 
Individuals from the target population can offer insight 
that the research team did not consider. This step is very 
much in line with current efforts to include patients or 
participants in treatment development (e.g., [33–36]). 
The feedback they provide can then be used to revise the 
intervention. However, at this point, there is potential for 
discrepancy between the theoretical basis of the interven-
tion and the feedback provided by participants. When we 
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conducted these initial focus groups for COMAP, sev-
eral participants noted that they would like an account-
ability component included in the intervention. This was 
problematic, however, in that it did not align well with 
our theoretical basis of SDT, MI, and individual M/P. 
Accountability is certainly a viable intervention tech-
nique in many approaches; consequently, the interven-
tion development team was forced to carefully consider 
this dilemma. In the end, we decided that because we 
were building a theory-based intervention, we needed 
to include only those components that we believed were 
aligned with our theory, even if  this meant not including 
components that would be acceptable in other theoret-
ical approaches. Other suggestions for changes from the 
focus groups were in accord with our theory and these 
were included in the intervention. For example, the focus 
groups believed that having M/P and mood feedback 
graphs on the main page of the smartphone app would 
be helpful. They also suggested further personalization 
and use of their names and those of their significant oth-
ers in the intervention text messages. These suggestions 
were included in the intervention as they were consistent 
with the theoretical constructs of competence and re-
latedness, respectively.

Once the focus groups were completed, the interven-
tion team made revisions to the intervention and then 
recruited a small sample of participants (N = 10) drawn 
from the population of intended users to complete the 
intervention in a shortened time frame, in this case, 2 
weeks. Similar information was gathered from these 
participants as those in the first round of focus groups 
regarding the feasibility and acceptability of the interven-
tion. (We should note that feasibility and acceptability 
information was gathered from the interventionists and 
the intervention developers as well.) However, because 

these individuals actually experienced the intervention, 
we sought additional data. In particular, we were inter-
ested in assessing how the participants experienced the 
intervention in relation to the intended theoretical mech-
anisms of change. Given that the participants were not 
experts in behavior change, we could not ask them direct 
questions in the same way that we did in the earlier step 
that included expert assessment. Instead, we designed a 
questionnaire that assessed the extent to which the par-
ticipants experienced the major theoretical mechanisms 
during their participation in the intervention. Table  2 
provides examples of these items. Once these data were 
gathered, they were analyzed to determine whether the 
fit with theory was acceptable. There is currently no 
standard in terms of what constitutes acceptable fit but 
the quantitative data did provide the intervention team 
with a general assessment in terms of where the inter-
vention was perceived in ways consistent with theory and 
where that consistency was weaker.

Step 5: Empirical Testing of the Intervention

At this step, the psychometric approach utilizes the same 
research designs and strategies that are well-known to 
investigators. As is true of  any behavior change inter-
vention study, successful behavior change must be a 
primary outcome. From a practical perspective, an in-
vestigator might be more interested in a physiological 
outcome measure (e.g., lowered cholesterol, reduced 
weight) than in the behavior that led to it. But those 
engaged in designing behavior change theories must de-
termine the extent that the behavior actually changed. 
Furthermore, if  they are interested in designing theo-
ry-based interventions, they must also assess change in 
the theoretical mechanisms and the relations of  these 

Table 2 Example Items From the Theory-Intervention Fidelity Test (TIFT)—Participant Version

 1.Overall, I felt like this program was respectful of my right to make my own decisions. (Autonomy)

 2.In this program, I could choose how I engaged in physical activity. (Autonomy)

 3.I had a say in when the messages from the iPhone app were delivered to me. (Autonomy)

 4.The program adapted to my current level of confidence in my ability to be physically active. (Competence)

 5.Over the course of the program, I felt like my ability to be physically active increased. (Competence)

 6.During this program, my confidence in my ability to integrate physical activity into my daily life increased. (Competence)

 7.This program helped me relate to others who are also trying to be more active. (Relatedness)

 8.After going through this program, I feel more connected to others. (Relatedness)

 9.I felt like I connected with the research staff  who conducted the first interview. (Relatedness)

10.As a result of this program, I have thought more about what is meaningful to me than I did before I started this program. (Meaning)

11.The iPhone messages helped me reflect on what is most meaningful to me. (Meaning)

12.The research staff  seemed to understand what is really meaningful or valuable to me. (Meaning)

13.At the beginning of this program, I recognized that not engaging in physical activity was inconsistent with what is most valuable or 
meaningful to me. (Meaning)

14.This program helped me connect physical activity to what is really meaningful and valuable to me. (Meaning)

For all questions, responses ranged from 1 (Strongly disagree) to 5 (Strongly agree).
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variations with behavior change. Finding success with 
behavior change intervention does not guarantee that 
the intervention, as delivered, remained theory based. 
Similarly, failure to change behavior is not, ipso facto, 
evidence that the delivered intervention failed to adhere 
to theory. The test as to whether this rigorous develop-
ment process resulted in a theory-based intervention lies 
with the assessment of  its effects on the mechanisms of 
change that were specified by the theory. If  the inter-
vention has, in fact, resulted in changes in the pre-
dicted direction among these mechanisms, and has not 
resulted in changes in mechanisms that are irrelevant 
to the intervention, then evidence exists to suggest that 
the intervention is theory-based. It is also possible that 
the mechanisms will have changed as predicted, but the 
intervention will not be successful in producing behavior 
change. In this case, the failure may lie in the theory it-
self. If  intervention has resulted in predicted changes in 
mechanisms but the changed mechanisms are not linked 
to successful outcomes, one must be suspicious that the 
theory is flawed. Of course, it is also possible that the 
mechanistic changes were not of  sufficient magnitude 
to produce behavior results. Only further study can 
clarify this issue, but if  the mechanisms were influenced 
by the intervention as predicted by the theory, the inter-
vention then has empirical evidence to suggest that it is 
theory-based.

What is to be concluded if  the mechanisms of  change 
do not, themselves, change as a result of  the interven-
tion? It remains possible, even after going through the 
steps identified here, that the intervention did not fol-
low the theory, in the end was not theory-based, and 
thus failed to alter the theorized mechanisms. It is also 
possible that the intervention was simply not potent 
enough to engage and alter the mechanisms. Either 
could be true but given this circumstance, the interven-
tion could not be considered a theory-based interven-
tion as delivered.

Discussion

Although many behavior-change theories exist, and there 
have been consistent calls for the development of theory- 
based behavior-change interventions, the data suggest 
that these interventions are either rare or the evidence to 
support their theoretical validity is lacking. This article 
proposes one approach to theory-based intervention de-
velopment with emphasis on practical steps conducted 
during the early stages of intervention construction. The 
approach was derived from examination of the accepted 
psychometric steps employed to develop a psychological 
test. Attending to these steps during the early stages of 
behavior-change intervention development is likely to 
pay off  with final interventions that are recognized as 
theory-based on both conceptual and empirical grounds. 

This approach complements existing paradigms such as 
ORBIT [20] and Intervention Mapping [6].

A series of distinct steps and procedures were out-
lined, but the biggest contribution of the psychometric 
approach is to support the development of a culture that 
endorses careful consideration of the operationalization 
of theory into behavior-change intervention from the 
outset of intervention development. It is improbable that 
we “got it all right” on this first attempt at delineating 
the particulars of the psychometric approach, and we 
are, therefore, not parochial in terms of the specific steps 
involved. We hope that others will modify the psycho-
metric approach in ways that work better in their par-
ticular settings and may also have broad applicability. 
But it is our desire that this work leads to a norm of 
carefully considering theoretical constructs and mech-
anisms when designing behavior-change interventions. 
Within these parameters, we encourage others to con-
sider and offer criticism of, this approach, and we enthu-
siastically appeal to subsequent researchers to develop 
materials and measures to enable implementation of 
these procedures.

In this spirit, we offer a few concerns of which we 
are aware. Perhaps primary among these is the ques-
tion of feasibility or practicality. Can we realistically 
expect intervention developers to proceed through the 
steps of the psychometric approach? Might adherence 
to this approach create a significant burden on develop-
ers in terms of the time and effort involved and poten-
tially stifle creativity? At this point, we do not know the 
answers to these important questions but we hope others 
will join us on this path and determine whether these po-
tential barriers can be surmounted. Funding this type of 
preliminary work is always a challenge. In this regard, 
we wonder if  the Science of Behavior Change (SOBC) 
initiative, from the U.S. NIH, might develop supportive 
mechanisms. The method presented here is aligned with 
the SOBC mechanisms-focused approach that empha-
sizes identification of targeted mechanisms and assess-
ment of the degree to which those targets are engaged 
and lead to behavior change (https://commonfund.nih.
gov/behaviorchange). In any event, we utilized these 
procedures when developing the COMAP intervention 
on a very limited budget, over a 6 month time period. 
COMAP is a smartphone-based intervention and may, 
therefore, not be representative of what is necessary for 
other types of interventions. We await report of others’ 
experiences in this regard.

It is quite apropos, given our use of  psychomet-
rics as a model, to question the psychometric quali-
ties of  the measures used in this development process. 
Measurement is necessary for the ratings of  behavior 
change experts (TIFT), as well as for the focus groups 
both before they receive the intervention and among 
those who have used it, the participant version of  TIFT. 
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Some degree of  tailoring these measures to align with 
the specific theory and intervention under develop-
ment will, perhaps, be necessary. But it seems possible 
to develop general formatting for these measures that 
could be used as the basis for specific adaptations. 
Furthermore, given that some theories are likely to be 
used quite often with interventions to address certain 
behaviors, general measures may well be possible and 
appropriate. The measures we used were developed for 
this study and served to inform our work and demon-
strate what could be done, but they lack any established 
evidence for their psychometric properties.

A related question pertains to the nature of  behav-
ior-change theories and interventions themselves. How 
discreet, unique, or specific are the putative mechanisms 
of  change to the particular theory employed by the 
investigators? Might more than one theory predict the 
same changes in mechanisms or might measurement of 
other mechanisms aligned with another theory support 
equally well the alternate or rival theories? We proposed 
addressing this issue by measuring constructs that are 
unrelated to the particular theory employed, expecting 
to find that they are not influenced by the intervention. 
An additional approach to this issue of  discriminant 
validity could be to specifically measure mechanisms 
that align with a rival theory (competing mechanisms) 
or are common to many theories. This method could 
help us to not only determine the effects on constructs 
unrelated to the particular theory employed by the inter-
vention developers but also shed light on the possibility 
that the intervention could be legitimately interpreted 
as developed from a separate theory or that there is an 
overlap of  active mechanisms influenced by rival theo-
ries. This method addresses the question of  specificity 
versus communality of  mechanisms of  behavior-change 
theories.

Despite these, and other, limitations, the psychometric 
approach to theory-based behavior-change interven-
tion development suggests one relatively straightfor-
ward method to guide construction of new interventions 
wherein serious consideration, throughout all phases of 
the development process, is given toward remaining true 
to the theoretical foundation of the intervention. The de-
termination of the ultimate usefulness of this approach 
awaits further work but it addresses the rather large gap 
that currently exists between behavior-change theory 
and implementation of behavior-change theory within 
behavior-change interventions. In the relative absence of 
theoretically based behavior-change interventions, there 
remains no way to empirically test either the specific 
underlying theories or the general usefulness of theory 
in behavior-change processes. This is an important weak-
ness in the current state of the research. Perhaps this 
paper will encourage movement to seriously address this 
issue at its most basic levels.
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