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Abstract

Background: This article describes the systematic development of the I Move intervention: a web-based computer
tailored physical activity promotion intervention, aimed at increasing and maintaining physical activity among
adults. This intervention is based on the theoretical insights and practical applications of self-determination theory
and motivational interviewing.

Methods/design: Since developing interventions in a systemically planned way increases the likelihood of
effectiveness, we used the Intervention Mapping protocol to develop the I Move intervention. In this article, we
first describe how we proceeded through each of the six steps of the Intervention Mapping protocol. After that,
we describe the content of the I Move intervention and elaborate on the planned randomized controlled trial.

Discussion: By integrating self-determination theory and motivational interviewing in web-based computer
tailoring, the I Move intervention introduces a more participant-centered approach than traditional tailored
interventions. Adopting this approach might enhance computer tailored physical activity interventions both in
terms of intervention effectiveness and user appreciation. We will evaluate this in an randomized controlled trial,
by comparing the I Move intervention to a more traditional web-based computer tailored intervention.

Trial registration: NTR4129
Background
Physical inactivity is the fourth leading cause of death
worldwide and it increases the risk of many diseases such
as coronary heart disease, type 2 diabetes, and breast and
colon cancer [1]. Because of the beneficial effects of phys-
ical activity (PA), international guidelines state that for en-
hanced health adults should accumulate 30 minutes or
more of moderate intensity PA on at least five days per
week [2]. Unfortunately, large parts of the world po-
pulation do not meet these guidelines and many individ-
uals live a sedentary life [3]. This also applies to the
Netherlands since in 2011 almost half of the Dutch adults
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were insufficiently active [4]. As a consequence, promoting
changes in PA behavior is of great importance to public
health [5]. There is a clear need for innovative PA inter-
ventions that are both efficacious and able the reach the
broad population at-risk due to physical inactivity [6-8].
This article describes the development of a new and

promising intervention approach to promote PA, by
combining the technology of web-based computer tailor-
ing (CT) with the theoretical insights and practical ap-
plications from self-determination theory (SDT) and
motivational interviewing (MI). First, we provide some
background information on CT, SDT and MI.

Computer tailoring
Research indicates that PA interventions using CT are
more successful than interventions in which generic
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information is provided [9-12]. In computer tailored in-
terventions, the content of the provided materials is
based on characteristics specific to each individual [13].
In the last decade, more and more computer tailored in-
terventions are web-based, instead of print-delivered,
which allows for more interactivity, higher accessibility
and lower costs [11,14,15]. The findings of a recent
meta-review suggest that internet-delivered PA interven-
tions are useful in producing small but significant in-
creases in PA [16].
Currently, the majority of web-based computer-

tailored PA interventions have been grounded in theories
such as social cognitive theory (SCT), the trans theoret-
ical model (TTM) and the theory of planned behavior
(TPB) [10,16,17]. Consequently, existing interventions
mostly focus on theoretical constructs such as stages of
change, modeling, attitude and self-efficacy. Current re-
search on PA uptake and maintenance, however, increas-
ingly shows the importance of another theoretical
construct: autonomous motivation [18-21]. More specif-
ically, increasing evidence shows that greater autono-
mous motivation predicts higher PA frequency and
maintenance [22]. While autonomous motivation does
not play an explicit role in SCT, TTM or TPB, it is a key
construct in self-determination theory (SDT) and in mo-
tivational interviewing (MI) [23,24].

Self-determination theory & motivational interviewing
SDT is a broad-based theory of human motivation
[24-26]. Central to the theory is the distinction between
autonomous and controlled motivation. Autonomous
motivation includes intrinsic motivation (when someone
is motivated to perform a certain behavior by enjoyment
or satisfaction) and identified regulation (when someone
is motivated by the pursuit of personally-valued out-
comes). Controlled motivation consists of introjected
regulation (when someone is motivated by the avoidance
of negative emotions such as guilt) and external regula-
tion (when someone is motivated by the prospect of re-
wards or the avoidance of punishments). Autonomous
and controlled motivation are hypothesized both to
strengthen and direct behavior, but to lead to very differ-
ent outcomes, with autonomous motivation leading to
greater commitment and long-term maintenance of be-
havior [24-27]. According to SDT, autonomous motiv-
ation is more likely to arise in an individual when the
social context supports the basic psychological needs for
autonomy (the need to engage in behavior with a sense
of choice), competence (the need to feel competent and
confident) and relatedness (the need to feel connected to
and understood by others) [24-26].
Motivational interviewing (MI) is defined as “a collab-

orative conversation style for strengthening a person’s
own motivation and commitment to change” [23]. The
core or “spirit” of MI encompasses principles of partner-
ship, acceptance, compassion and evocation. Along with
these principles, four overlapping processes are dis-
cerned in MI: engaging, focusing, evoking and planning.
In order to carry out these principles and processes, the
practice of MI implicates applying specific communica-
tion skills: asking open questions, affirming, reflective
listening, summarizing and informing/advising [23]. Al-
though SDT and MI were developed independently of
one another, several scholars claim that SDT can offer a
theoretical framework for deepening our understanding
of the efficacy of MI [28-30]. More precisely, it is argued
that the specific strategies in MI fulfill the clients’ basic
psychological needs for competence (e.g. by using strat-
egies to explore and build confidence), autonomy (e.g.
by allowing clients to discover their own reasons for
change), and relatedness (e.g. by being compassionate)
[29].

SDT & MI in physical activity promotion
As SDT has received substantial empirical support in
the context of PA, researchers have begun to implement
PA promotion interventions grounded in SDT [31]. In
these interventions, strategies are implemented that are
aimed at supporting the three basic psychological needs.
By doing so, these interventions try to help the individ-
ual to develop more autonomous forms of motivation
towards adoption and maintenance of PA [31]. The first
RCT’s to test SDT interventions aimed at PA all show
intervention effects albeit of different formats [31].
As discussed above, it is assumed that MI can be used

to fulfill the individuals’ basic psychological needs [29].
MI has become increasingly popular among PA coun-
selors [32]. Evidence illustrates that motivational inter-
viewing can be successful in getting individuals to
increase their PA [33].

SDT & MI in web-based CT
There are several arguments for integrating SDT and MI
in web-based CT. Firstly, previous research by Resnicow
and colleagues showed that tailoring on SDT and MI
principles in print-based CT can be successful [34].
Web-based CT, however, offers more opportunity to
simulate an interactive, collaborative conversation when
compared to print-based CT [14,35]. In web-based CT
information can be tailored to answers immediately after
they have been given. As a consequence, interactive fea-
tures that contribute to the sense of collaboration can be
more easily included in web-based CT. Secondly, deliv-
ering MI and SDT-based interventions in a traditional
way (face-to face by a clinician), is expensive and diffi-
cult to scale up. Compared to face-to-face counseling,
web-based interventions in which SDT and MI tech-
niques are embedded, better enable the dissemination of
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these client-centered counseling techniques and may be
more cost-effective [6]. Thirdly, compared to traditional
web-based CT, web-based CT grounded in SDT and MI
may enhance intervention efficacy because of its focus
on promoting autonomous motivation.
In this article, we aim to provide insight into the de-

velopment and content of the I Move intervention, a
web-based computer tailored physical activity interven-
tion based on the theoretical insights of SDT and prac-
tical applications of MI.

Methods/Design
I Move (Ik Beweeg in Dutch) is a web-based computer
tailored PA promotion intervention, aimed at increasing
and maintaining PA among adults. This intervention is
based on the theoretical insights and practical applica-
tions of SDT and MI.
Since developing interventions in a systemically

planned way increases the likelihood of effectiveness
[36], we used the Intervention Mapping (IM) protocol
[37] to develop the I Move intervention. The IM proto-
col consists of six succeeding steps that can be used as a
guide for theory and evidence based decision making
during intervention development, implementation and
evaluation [37]. We first provide an overview of how we
proceeded through each of these six steps. After that,
we will elaborate further on the development of the I
Move intervention, and on the evaluation plan.
The first step of the IM protocol concerns an assess-

ment of the health problem and its related behavior [37].
As discussed in the introduction, physical inactivity has
major health effects such as increased risk of many ad-
verse health conditions [1]. Therefore, this study focuses
on physical inactivity in the general population. The de-
sired behavior for adults is to increase their PA level
(and to maintain this increased PA level).
The purpose of the second step of IM is to formulate

change objectives [37]. Change objectives are composed
of performance objectives (i.e. sub-behaviors within the
desired behavior) and determinants of behavior change.
We first formulated performance objectives such as
“deciding to become more physically active” and “devel-
oping a plan of how to become more physically active”.
Since the most important theoretical framework in this
study is SDT, the most relevant determinants that need
to be targeted are autonomy, competence and related-
ness [24-26]. Next, we defined several change objectives.
Change objectives specify what skills individuals have to
learn in order to accomplish the performance objectives
and are created by combining the performance objec-
tives and the determinants (autonomy, competence and
relatedness). Examples of the change objectives for the I
Move intervention are: “Adults can express why be-
coming more physically active is important for them
personally”, “Adults are able to make plans that suit well
to their personal preferences” and “Adults are able to
make plans about which they feel confident”.
During the third step of IM, theoretical methods and

practical applications for behavior change are selected
[37]. A theoretical method is a general process that is
intended to change behavioral determinants. A practical
application concerns the way of putting such a theoret-
ical method into practice in the actual intervention. As
discussed in the introduction, it is assumed that the
specific strategies in MI can help the individual towards
behavior change by supporting the need basic psycho-
logical needs for autonomy, competence and relatedness.
Therefore, we chose MI as the main theoretical method
in this study. As the practical application we translated
the skills, processes and spirit of MI into web-based
computer tailoring. We will elaborate on this process in
the subsequent section.
The fourth step of IM is about the development of

the actual intervention [37]. During this step, the inter-
vention is also pretested. In the section below we will
elaborate on the specific content of the I Move interven-
tion and on the pretest.
In the fifth step of IM, a plan for program adoption

and implementation is developed [37]. Since this study
is one of the first to integrate MI in web-based CT, how-
ever, we chose to focus on adoption and implementation
in context of the evaluation study. The intervention was
set up in such a way that minimal human action is re-
quired for implementation. The intervention is available
via a website. Individuals who want to use the interven-
tion can go to the website to sign in. Participants in the
study automatically receive invitations by email to visit
the study website, every time a new intervention session
is available. In order to increase the likelihood of re-
peated program use (e.g. completing all intervention ses-
sions) we interviewed potential users from the target
group about their preferences and needs regarding the
content and appearance of the intervention and the re-
cruitment materials for the evaluation study. In order to
further optimize recruitment for the study, we prepared
a detailed recruitment protocol.
During the sixth step of IM a plan is made for the

process and effect evaluation of the intervention. In
order to evaluate the efficacy of the I Move intervention,
we will conduct a randomized controlled trial (RCT).
We will elaborate in more detail on this step in the sec-
tion below.

Translation of SDT and MI into web-based CT
This section presents an overview of how the theoretical
insights and practical techniques of SDT and MI were
translated into web-based CT. More specifically, we
describe how the skills, processes and spirit of MI are
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implemented in the I Move intervention. Obviously, appli-
cation of these elements in an automated, web-based plat-
form differs from application in a real life counseling
setting. Indeed, a face-to-face setting allows expression of
genuine empathy and responding to very subtle expres-
sions of motivation, which is less feasible in an automated
platform. On the other hand, web-based CT allows for
high interactivity and very specific feedback messages
which advances similarity to face-to-face counseling.

Translation of MI skills into web-based CT
The practice of MI involves the use of several core com-
munication skills that are needed throughout the whole
counseling process. These are asking open questions, re-
flective listening, affirming, summarizing and informing/
advising. Here we describe how we translated these
counseling skills into web-based CT.

MI skills: asking open questions and reflective listening
Two of the core skills of MI are asking open questions
and reflective listening [23]. Asking open questions is
important in MI, since open questions offer more space
for the participants to come up with their own answers,
insights and reasons for change [23,38]. SDT also under-
lines the importance of asking open questions, since it
offers more opportunity for autonomy support when
compared to a limited set of response options [38].
Reflective listening, derived from Carl Rogers’ client-

centered therapy, involves understanding the client’s
idea, thoughts and feelings, and to relay this understand-
ing back to the client. In MI, this is also referred to as
complex – or skillful – reflections [39,40]. These reflec-
tions typically add substantial meaning or emphasis to
what the client has said; they serve the purpose of con-
veying a deeper or more complex picture [39,40].
An important challenge during the development of the

I Move intervention was to implement reflective listen-
ing in web-based CT. Unlike a human counselor, a web-
based intervention is not able to really interpret answers
to open questions. We tried to assemble skillful reflec-
tions by using a structured approach, with multiple
choice questions. We developed a unique feedback mes-
sage for each combination of multiple choice answers. In
the feedback message we tried to add meaning to the
combination of answers, in order to add a dimension of
understanding and ‘skillfulness’ to the message.
Open questions, however, are also an important core

skill of MI, and these are not used in the above example.
In order to find out how to combine skillful reflections
and open questions in web-based CT, we conducted a
pilot study [41]. In this study, we compared three inter-
ventions based on MI and SDT principles: (i) exclusively
open questions (without skillful reflections), (ii) exclu-
sively multiple choice questions (with skillful reflections)
and (iii) including both question types (with skillful re-
flections). Figure 1 shows (simplified) examples of the
tailoring mechanisms in the three intervention condi-
tions from this study. The intervention with both open
and multiple choice questions yielded the best results.
Individuals who received this intervention increased
their commitment towards regular PA, and they were
most positive about the intervention. Therefore, the ap-
proach with both open- and multiple choice questions
was used in the I Move intervention.

MI skills: affirming
In MI, the counselor respects the client as being capable
of growth and change. By using affirmative reflections, the
counselor recognizes and comments on the client’s par-
ticular strengths and efforts [23]. Affirming is also relevant
from the perspective of SDT since it nurtures the client’s
need for competence and relatedness [29]. We imple-
mented affirming in the I Move intervention by using an
empathetic style in the feedback messages. For example, if
a participant failed to become more active, the feedback
rewards the participant for trying, and stresses that a failed
try does not mean that he or she is incapable.

MI skills: summarizing
Summaries are reflections that pull together several
things that the client just has told. These help the client
to reflect on the various experiences that he or she
expressed [23]. In addition, summarizing supports the
client’s basic psychological need for autonomy by hear-
ing his or her own thoughts and ideas back from the
counselor; and competence by structuring the conversa-
tion [29]. During the I Move intervention participants
regularly receive messages that summarize the before
going. For example, after discussing the importance of
PA, the participant receives a feedback message that
summarizes what he or she answered to the prior ques-
tions. One day after each of the four intervention ses-
sions, the participants receive an email with a pdf
attached, in which the matters discussed during the last
session are summarized.

MI skills: informing and advising
In MI, information exchange is viewed as a collaborative
search to understand the client’s information needs [23].
First, the MI counselor clarifies information needs and
gaps: he finds out what the client wants and needs. If
an information need exists, the counselor asks permis-
sion to provide information. Information is presented in
such a way that the counselor provided information to
the client, without interpreting this information any fur-
ther [23]. From the viewpoint of SDT, this approach of
providing information supports the client’s basic psycho-
logical need for competence [29].



Figure 1 Three tailoring methods.
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In the I Move intervention, participants are offered the
possibility of receiving information through several short
expert videos. In these videos, a doctor tells about the
positive effects of regular physical activity in several do-
mains such as physical health, mental health, physical
appearance, and social life. Participants are given the op-
tion to choose for themselves which videos they want to
see. This approach of providing information is congruent
to the practice of MI (and to the principles of SDT),
since the intervention assesses the individual need and
desire for information, before providing it.

Translation of MI processes into web-based CT
In the practice of MI four overlapping processes are dis-
cerned: engaging, focusing, evoking and planning. Here
we show how we translated these processes into web-
based CT.

MI processes: engaging
In MI, engaging concerns involving the client in the coun-
seling process and establishing a trusting and respectful
helping relationship between client and counselor [23].
Similar to MI, SDT also acknowledges the importance of
involving the client [29,38]. In the I Move intervention the
participants are involved in the process in several ways.
Firstly, at the start of the intervention, they receive infor-
mation about the nature of the intervention. At the start
of each intervention session, the participants receive an
overview of the content of that session. It is stated that the
participants are experts about themselves and that I Move
can help them to get a clear view on their own prefer-
ences, needs and goals concerning PA.
As mentioned above, the process of engaging also in-

volves establishing a social relationship between client
and counselor. The importance of such a bond is
Figure 2 SDT/MI intervention with a virtual coach.
underlined by SDT since it supports the basic psycho-
logical need for relatedness [38]. One possible method
to facilitate the development of a such a social relation-
ship between user and program is to use an anthropo-
morphic agent, i.e. a virtual coach that has a face and
body [42-44]. Research on this topic demonstrated that
users can successfully form a working alliance with a vir-
tual coach [45,46]. Also, multiple studies on web-based
interventions confirmed that the presence of a virtual
coach can further improve intervention effectiveness
[47-49].
In order to find out whether inclusion of a virtual

coach would be beneficial, we conducted a second pilot
study [50]. In this study we compared three intervention
conditions: a web-based SDT/MI intervention with a vir-
tual coach, 2) a content identical, text-based intervention
without a virtual coach and 3) a control condition re-
ceiving no information (see Figures 2 and 3 for an ex-
ample of both interventions). The results showed that
the presence of a virtual coach did not result in signifi-
cantly more PA than the other condition, nor did it re-
sult in more appreciation for the intervention [50].
The virtual coach in this study was designed in a car-

toonish way, without the use of voice. This design could
have led to less-than-optimal perceived realism of the
coach [51]. Therefore, a more realistically shaped coach –
which is also perceived as being more realistic – might be
more successful in web-based SDT/MI interventions. In
practice, such an endeavor can be achieved by creating a
video-coach: a series of video messages, in which a real
human coach speaks to the participant. Previous research
shows that this type of interactive video-counseling holds
promise for public health interventions [52-54].
Therefore, in the I Move intervention we chose to in-

clude a video-coach, a series of video messages in which a
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real human coach speaks to the participant (see Figure 4
for an example). Each of the four sessions starts with a
short video, in which the coach welcomes the participant
and briefly introduces new questions and exercises (for ex-
ample about motivation or confidence).
Furthermore, on several moments throughout the

intervention sessions, participants can watch short vid-
eos with narratives of four allegedly “former participants
of I Move” [55]. These videos appear throughout the
whole intervention, and depict four chronological story-
lines of those four former participants. In these videos,
the former participants tell for example about what they
think is important with regard to being physically active,
and about how they have managed to gain more confi-
dence to be active. The four former participants differ in
age, gender (one younger woman, one younger man, one
Figure 4 The video-coach. (The individual shown agreed with publication
older woman and one older man), and experience in PA
(varying from active sports participation to experience
with recreational activities). These videos are always pre-
ceded by a video in which the coach gives a brief intro-
duction of the videos. Participants can choose whether
they want to watch the videos, and which one (s) they
want to watch. These narratives were implemented be-
cause they provide the opportunity for the participants
to feel connected with others who go through similar
experiences as themselves, which may enhance related-
ness [38].
MI processes: focusing
In MI, focusing is a collaborative process of finding
topics for conversation and consultation [23]. Since the
of this image).
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I Move intervention is one of the first efforts to inte-
grate MI in web-based CT, however, we have limited
the scope to PA. Before entering the intervention, the
participants are told that the intervention is about PA.
Within the context of PA, participants are encouraged
to come up with their own themes and ideas.

MI processes: evoking
In the evoking process of MI, it is intended to elicit the
client’s own motivation for change by prompting self-
determined motivational statements or change talk [23].
Furthermore, it is intended to help the client increase
his/her perceived confidence. These goals are in line
with SDT's emphasis on autonomy and competence
[29]. In the I Move intervention, evocation is pursued
through several methods, derived from MI [23,56]. The
most important of these methods are described below.
For each of these methods, it is described how it is has
been implemented in the intervention (i.e. how the
several counseling strategies have been translated into
automatized text versions).

Importance ruler
In this method, the participants are asked to rate their
perceived importance on a scale [56]. In the interven-
tion, the method starts with this question: “How import-
ant would you say it is for you to become more
physically active? On a scale from 1 to 10, where would
you say you are?”. If a mediocre score (4–7) is chosen,
these questions follow: 1) It looks like becoming more
physically active is not totally unimportant to you, but
neither is it totally important, why did you not choose a
higher number?’ and 2) ‘Why did you not choose a lower
number?’. These two questions are asked to identify bar-
riers and to prompt self-determined motivational state-
ments. If a high score (8–10) is chosen, this question
follows: ‘Why is becoming more physically active so im-
portant to you?’. This question is asked to prompt self-
determined motivational statements. If a low score (1–3)
is chosen, this questions follows: ‘It looks like becoming
more physically active is not on top of your list. Maybe
you still have reasons why becoming more physically ac-
tive could be important to you though. Why could be-
coming more physically active be important to you?’
This question is asked to prompt self-determined motiv-
ational statements. After answering the follow up ques-
tions, the participants receive a reflective feedback
message which also contains a summary of the partici-
pant’s own answers. For the participants with a mediocre
score, this feedback message mainly elaborates the dis-
crepancy between the barriers and self-determined mo-
tivation. For the participants with a high score, the
feedback message emphasizes the participant’s strong
motivation, including the most important reason for this
(your most important reason for this was: ‘being physic-
ally active is good for my health’). The feedback mes-
sages for the participants with the low score elaborates
on the discrepancy between the low score for import-
ance, and the motivational statement made in the follow
up question.
For the importance ruler section we developed 80 dif-

ferent feedback messages to increase fit to individual’s
answers. This is an example of such a feedback message:
“On the one hand you think it is not that important to
become more physically active because you have a very
busy life. On the other hand you do think it is important
to become more active because physical activity helps
you to relax. You also say: “I always feel very relaxed
after exercising.” Nowadays many people have a very
busy life, full of activities like working, social contacts,
housekeeping, watching TV and on and on. For many
people, this modern life is very busy and they need to
make choices between their activities. This is a very com-
mon and very understandable situation. Many people
find it convenient to deal with this situation by assessing
what their current activity schedule is like on a typical
day in their lives. As the next step, they decide whether
they spend enough time doing things they really think are
important. Maybe this could be an interesting idea for
you, too?”

Value clarification
This technique is often used in motivational interview-
ing. In the intervention, the participant is first asked
“What would you say are your two most important
values in life?”. After choosing two values, the partici-
pant is asked how becoming more physically active may
relate to these important values. The respondent is asked
to fill in his answers. At the end of this assignment the
participant gets an overview of these answers and he or
she is asked whether it might be interesting to contem-
plate a bit further on this subject.

Looking forward
The participant is asked to imagine that he or she would
become more physically active and that he or she would
maintain this new level of PA for a period of five years.
As the next step, the participant is asked to imagine
what possible beneficial effects such an increase in PA
would entail for him or her personally. How would he or
she feel, and would this consideration have influence on
how he or she feels about being more physically active.

Confidence ruler
This technique is comparable to the importance ruler.
In our intervention, it starts with this question: “How
confident would you say you are to become more phys-
ically active? On a scale from 1 to 10, where would you
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say you are?”. If a mediocre score (4–7) is chosen, these
questions follow: 1) It looks like you have some confi-
dence, but you are not totally confident, why did you
not choose a higher number?’ and 2) ‘Why did you not
choose a lower number?’. These two questions are asked
to identify barriers and to prompt facilitators or personal
strengths. If a high score (8–10) is chosen, this questions
follows: ‘why are you so confident that you could be-
come more physically active?’. This question is asked to
prompt facilitators or personal strengths. If a low score
(1–3) is chosen, this questions follows: ‘It looks like you
are not very confident. What would help you to accu-
mulate more confidence?’. This question is asked to
stimulate the participant to think about ways to increase
their confidence. After answering the follow up ques-
tions, the participants receive a reflective feedback mes-
sage. For the participants with a mediocre score, this
feedback message mainly elaborates the discrepancy be-
tween the barriers and facilitators. For the participants
with a high score, the feedback message emphasizes the
participant’s strong confidence and personal strengths.
The feedback messages for the participants with the low
score mainly elaborate on how the participant could be-
come more confident.
For the confidence ruler section we developed 87

unique feedback message, so the feedback fits optimally
to each individual’s answers. This is an example of such
a feedback message: “Because of an unsuccessful attempt
to become more active in the past, you are not totally
confident that you could manage to succeed in becoming
more active. However, you also say that you really want
to become more active. Because of that, you do have some
confidence that you could succeed. You also say: “Once I
want something, I’m unstoppable.” Really wanting some-
thing is very important in order to achieve it! Also, if you
were unsuccessful in achieving something once, that
doesn’t mean that you are not able to do it, it is just a
learning experience! Do you already have an idea of how
you would approach becoming more active? What went
wrong last time? What can you do differently this time,
to avoid failure? With a good plan, you can certainly suc-
ceed in becoming more active, especially if you really
want to!”

Looking back
This method is intended to increase the participant’s
perceived confidence by asking about past successful ex-
periences. The following is asked in the intervention: ‘I
would like to ask you to think back of a moment in time
when ultimately you succeeded in doing something very
difficult. What did you have to do? How did you ultim-
ately succeed? How did you feel when you had suc-
ceeded? After typing these answers, an overview of these
answers was presented and the following question was
asked: ‘Could looking back to this experience help you
in becoming more confident that you also could succeed
in becoming more physically active?’

MI processes: planning
In MI, the planning process is seen as the bridge to
change: by developing a specific change plan people are
more likely to follow through [23]. Indeed, evidence
shows that behavior change is more likely to occur when
people translate their intentions into specific plans
[57-59]. In the I Move intervention, participants are of-
fered the opportunity to create a specific action plan by
proceeding through a structured planning module. In
this module, they are asked to formulate their most im-
portant motivation for becoming more physically active,
the activity or activities and location (s) of their choice,
on how many days a week they want to execute the ac-
tivity and how long they want to spend on the activity
on such a day. If desired, the participants can also indi-
cate with whom they want to perform the activity and
what preparations they need to undertake before being
able to implement their plan.
Participants who choose to not make an action plan in

their first I Move session are given the option to create
such a plan in the following session. When a participant
has made an action plan, the execution of this plan will
be evaluated in the subsequent session. By doing so, the
participants are stimulated to reassess the feasibility of
their self-made plans. They are encouraged to identify
factors that hindered or supported them in realizing
their plan. Furthermore, participants are able to adjust
their plan to their needs and wishes in each follow up
session.
Participants are also given the option to create coping

plans. Coping planning refers to anticipating on barriers,
such as difficult situations or unwanted distractions that
might hinder performing the planned behavior. It in-
cludes analyzing possible barriers and detailed planning
on how to overcome these barriers [57-59]. Such coping
plans consist of an if-component which represents the
difficult situation and a then-component which repre-
sents the planned strategy of coping with this situation
[58]. First, the participant is asked to identify two diffi-
cult situations, in which it would be challenging to enact
their action plan. Then, he or she is asked to come up
with solutions to cope with these situations. Finally, the
participant gets an overview of his/her difficult situa-
tions and coping solutions.

Translation of the MI spirit into web-based CT
In MI, the spirit refers to the underlying perspective, the
set of heart and mind with which one enters into the
practice of MI. The spirit includes applying elements of
partnership, acceptance, compassion and evocation [23].
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Here we describe how we developed the intervention as
congruent as possible to these four principles.

MI spirit: partnership
The element of partnership refers to the vision of MI,
that the counseling process is conducted together ‘with’
the client, rather than ‘to’ the client [23]. Therefore, in
MI the counselor is explorative and interested, rather
than coercive and persuasive. This approach supports
the client’s basic psychological need for relatedness [29].
In the I Move intervention the participants are con-
stantly asked to give their opinion, or to reflect on a
statement they made earlier. In this manner the I Move
intervention uses the participant’s input as the starting
point for each session, to build up a collaborative
conversation.

MI spirit: acceptance & compassion
The practice of MI involves an attitude of profound ac-
ceptance for the client, and a priority for the client’s
needs [23]. As mentioned above, the I Move intervention
uses the participant’s input as the starting point to build
up a collaborative conversation. We also put a lot of
effort into developing highly specific feedback mes-
sages, that suit well to the client’s needs and wishes.
Furthermore, we wrote all feedback messages using an
empathetic style, without using coercion or blame.

MI spirit: evocation
The element of evocation refers to the premise of MI,
that the clients already have much within them of what
is needed and the counselor’s task is to help finding it
[23]. As discussed above, the I Move intervention con-
tains many elements that are intended to evoke the par-
ticipant’s own motivation (i.e. value clarification) and
confidence (i.e. confidence ruler).

Content of the four intervention sessions
The I Move intervention consists of four sessions
(see Figure 5). Before session 1, 3 and 4 the PA of the
participants is assessed using a validated web-based PA
questionnaire [60]. The results of this questionnaire are
used to compose the feedback on the participant’s PA
level. Of the four interactive sessions, session 1 is the
most extensive. This session starts with an introductory
part, and after that several topics are discussed such as
the participant’s current PA (derived from the results
from the questionnaire), how important he or she finds
it to become more physically active, and how confident
he or she is with regards to becoming more physically
active. Participants can choose whether or not they want
to make an action plan to become more active. In a pre-
vious pilot study, 85-90% chose to make such a plan
[41]. Three weeks and six weeks after session 1, partici-
pants receive an invitation email for session 2 and 3,
respectively. As can be seen in Figure 5, session 2 and
3 mainly further elaborate on importance and confi-
dence of becoming more physically active. Participants
are given the option to evaluate and adapt their plans,
and formulate coping plans. Three months after ses-
sion 1, participants can enter session 4. At the beginning
of this session the participants choose which parts of the
session they want to go through. They can choose to go
through all parts (ipsative feedback on PA, long term
motivation and confidence), but they also can decide to
skip one or more of these parts.

Pretest
Once the intervention was technically tested and there
were no more bugs, a pretest was conducted among
eight individuals from the target group. All individuals
worked through the sessions at home, from their own
computer or tablet. They were asked to fill in a printed
questionnaire assessing their user experience during
working through the sessions. Furthermore, five of the
eight participants were observed and interviewed while
they were working through the intervention. The pretest
yielded several suggestions for improvement. Many of
these comments were about the lay-out of the website.
In addition, there were some comments concerning the
PA assessment questions. Several pretesters experienced
difficulty for they did not know how to correctly fill in
the questions on hours and minutes spent on a physical
activity per day. Based on these results, the intervention
was improved and some questions were clarified through
additional instructions. After this, the intervention was
tested technically once more by four members of the
research group.

Evaluation design
The I Move intervention will be evaluated on efficacy
and appreciation in an RCT. Figure 6 shows the timeline
of this study. In this RCT, three research groups will be
compared:
1) I MOVE: This group receives the I Move

intervention.
2) ACTIVE PLUS: This group receives a more trad-

itional web-based computer tailored PA intervention.
This intervention was derived from the Active Plus in-
tervention [61,62]. The Active Plus intervention is a
systematically developed theory- and evidence-based
intervention which is predominantly based on traditional
health behavior change theories such as TPB, SCT and
TTM. The Active Plus intervention, which is aimed at
PA increase and maintenance, consists of three times a
tailored advice, and is designed for individuals over
50 years [61,62]. For the purpose of this study, the



SESSION 1

Baseline

SESSION 2

3 weeks after baseline

SESSION 3

6 weeks after baseline

SESSION 4

3 months after baseline

Engaging: intro video coach Engaging: intro video coach Engaging: intro video coach Engaging: intro video coach

Focusing: the participant is 
asked about his/her favorite PA 
and receives feedback.

Evoking: the participant is 
prompted to identify new 
reasons for becoming more 
physically active.

Evoking: importance ruler and 
ipsative feedback (comparing 
current importance score with 
importance score from session 
1) 

Focusing: ipsative feedback on 
PA behavior (comparing current 
PA with PA from session 1)

Focusing: feedback on PA 
behavior: feedback is given on 
the current amount of PA and 
how this amount relates to the 
PA guideline.

Evoking: if the participant 
would get more physically 
active, what would be the 
consequence in 5 years?

Evoking: confidence ruler and 
ipsative feedback (comparing 
current confidence score with 
confidence score from session 1) 

Engaging: videos with 
narratives on motivation

Evoking: importance ruler + 
follow up questions and 
feedback

Evoking: the participant is 
prompted to identify personal 
strengths that allowed him/her to 
realize the achievement from the 
‘looking back’ exercise from 
session 1.

Evoking: tips & tricks: if 
wanted, participants can  
indicate which barriers they 
experience, and they receive tips 
and tricks about dealing with 
those barriers.

Evoking: the participant is 
asked to indicate their most 
important (long term) 
motivation for living an active 
life, and what they think is most 
pleasant about being active. 

Engaging/evoking: videos with 
narratives on importance of PA

Evoking: expert video with 
information about PA 
opportunities

Focusing: ipsative feedback on 
PA behavior (comparing current 
PA with PA from session 1)

Evoking: the participant is 
asked to describe a challenging 
situation in which he/she still 
managed to attain to the action 
plan.  

Evoking: the participant is 
asked about personal important 
values, and to link these values 
to PA. 

Planning: the participant is 
asked to indicate how well 
he/she managed to successfully 
execute the plan.

Engaging/planning: videos 
with narratives on coping 
planning.

Engaging: outro video coach

Evoking: expert videos with 
information about the possible 
benefits of PA

Planning: the participant is 
asked to anticipate on a situation 
in which it would be difficult to 
become physically active.

Planning: the participant is 
asked to identify two situations 
in which he/she did not manage 
to attain to his/her action plan. 
Then, they are prompted to 
come up with a new way of 
coping with both situations.

Evoking: confidence ruler + 
follow up questions and 
feedback

Engaging/planning: videos 
with narratives on planning

Planning: the participant is 
asked to indicate how well 
he/she managed to successfully 
execute the plan.

Engaging/evoking: videos with 
narratives on confidence of PA

Planning: the participant can 
choose to adjust the whole plan,  
adjust parts of the plan, or let the 
plan unchanged.

Planning: the participant can 
choose to adjust the whole plan,  
adjust parts of the plan, or let the 
plan unchanged.

Evoking: the participant is 
asked to describe a situation in 
which he/she succeeded in 
completing a very challenging 
task.  

Engaging: outro video coach Engaging: outro video coach

Planning: the participant is 
given the option to make a PA 
plan 

Engaging: outro video coach

Figure 5 Content of the intervention sessions.
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intervention was adapted in such a way that it is suitable
for the general adult population. Since the original Ac-
tive Plus interventions contains only three times a tai-
lored advice, we added one extra tailored advice, in
order to make it optimally comparable to the I Move
intervention (which contains four sessions).
3) CONTROL: This group consists of a waiting list

control-condition. The participants in this research con-
dition gain access to the I Move intervention as soon as
they finish the last evaluation measurement at one year.
By comparing these research conditions, it will be

possible to evaluate whether the I Move intervention is
more effective than no intervention, and whether it is more
effective or better appreciated than the traditionally tai-
lored intervention. Figure 6 shows an overview of the
study. Measurements are taken at baseline and at 3, 6 and
12 months from baseline. All measurements are taken by
web-based questionnaires via the study website. Partici-
pants from the intervention conditions are also asked to fill
in a questionnaire at 6 weeks from baseline (‘Questionnaire
A’ in Figure 6). This questionnaire contains questions that
are needed in order to provide tailored feedback in ses-
sion/advice 3 as well as items that assess process evaluation
regarding session 1 and 2. Therefore, this questionnaire is
not presented to participants from the control condition.
This study is approved by the Medical Ethics Commit-

tee of Atrium–Orbis–Zuyd and was registered with the
Dutch Trial Register (NTR 4129). All eligible individuals
who choose to participate in the study are asked to sign
an online informed consent form.



I MOVE ACTIVE PLUS CONTROL

Baseline Questionnaire 1

Session 1 Advice 1

3 weeks Session 2 Advice 2

6 weeks Questionnaire A Questionnaire A

Session 3 Advice 3

3 months Questionnaire 2

Session 4 Advice 4

6 months Questionnaire 3

12 months Questionnaire 4

Figure 6 Evaluation design.
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Participants
Participants are eligible for participation when they are
between 18 and 70 years old, do not have a condition
that seriously affects their ability to be physically active,
did not participate in one of the I Move pilot studies,
and when they are less physically active than 5 days per
week 60 minutes per day. Participants will be recruited
by advertisements in national newspapers, social media,
and via an online panel. Based on a power calculation
(ES = .25; power = .80), data of 600 participants are
needed for this study. Based on a dropout rate of 40-
70% [63,64] a minimum of 2000 respondents will need
to enroll in the study.
After passing through the inclusion questions and giv-

ing informed consent, participants are randomized into
one of the three research conditions and fill in the base-
line questionnaire. In order to decrease attrition, 10
prizes of €50 will be raffled among those participants
who have completed each questionnaire [65]. Among
those participants who completed all questionnaires, two
tablet computers are raffled.

Measurements
The primary outcome for this study is PA behavior. Total
weekly days of sufficient PA and minutes of moderate to vig-
orous PA are assessed using the validated self- administered
Dutch Short Questionnaire to Assess Health Enhancing
Physical Activity (SQUASH) [60]. Total weekly days of suffi-
cient PA is measured by a single item: ‘How many days per
week are you, in total, moderately physically active by under-
taking, for example, brisk walking, cycling, chores, gardening,
sports, or other physical activities for at least 30 minutes?’.
Total weekly minutes of moderate to vigorous PA is com-
puted by multiplying the frequency (how many days per
week), and duration (how many hours and minutes per day)
of leisure and transport walking, leisure and transport cyc-
ling, sports, gardening, household chores and odd jobs per-
formed with moderate or vigorous intensity.
In addition to PA, several secondary measures are

assessed. Motivational regulation towards PA is assessed
using the Exercise Self-Regulation Questionnaire (SRQ-E).
The SRQ-E contains subscales that represent external
regulation, introjected regulation, identified regulation,
and intrinsic motivation [66]. The Intrinsic Motivation
Inventory (IMI) is used to assess the feelings that partici-
pants experience while being physically active [67]. The
IMI encompasses the following subscales: interest/enjoy-
ment, perceived competence, effort/importance, perceived
choice, usefulness and pressure/tension. In addition,
intention [68] and commitment [69] towards being
physically active are assessed. As a possible moderator,
individual preference for autonomy support is assessed
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using a single item, derived from a study by Resnicow
et al. [34]: “In general, when it comes to physical activity
I would rather an expert just tell me what I should do”.
The extent to which the intervention supports the

basic psychological needs for competence, autonomy
and relatedness are assessed by nine self-constructed
items (three for each of the basic psychological needs).
In addition, the participants are asked to what extent
they perceived the content of the intervention as useful,
understandable, believable, personally tailored and mo-
tivating. These items were derived from another study
on web-based CT [70].

Discussion
The aim of this article was to describe the systematic de-
velopment of the I Move intervention: a web-based PA
intervention based on SDT and MI. The I Move inter-
vention consists of four automated web-based sessions.
In these sessions, participants can proceed through se-
veral text-based questions, feedback messages and videos.
The I Move intervention is developed in systematic way,
based on theory and evidence, using the IM protocol
[37]. Since developing interventions in a systemically
planned way increases the likelihood of effectiveness, this
approach represents an important strength of this inter-
vention [36].
The I Move intervention is one of the first attempts to

integrate MI and SDT in web-based CT. As discussed
above, most of the current web-based computer tailored
PA interventions have been grounded in SCT, TTM and
TPB [16]. Although these interventions are more effective
and are perceived more positively than interventions in
which general information is provided, effect sizes are ra-
ther small [9-12,16]. By integrating SDT and MI in web-
based CT, the I Move intervention introduces a more
participant-centered approach. Adopting this approach
could enhance intervention effectiveness and user appre-
ciation. We will evaluate this by comparing the I Move
intervention to a more traditional web-based computer
tailored intervention. We will also assess whether the
participant-centered approach as adopted by the I Move
intervention is more beneficial for subgroups of individ-
uals, for example those individuals who prefer an auton-
omy supportive style of communication [34].
In the I Move intervention several MI strategies have

been implemented. In order to do so, we translated the
skills, processes and spirit of MI into automatized text
versions. Throughout this process, we used SDT as the
underlying theoretical framework [29]. Nonetheless,
there are differences between the I Move intervention
and MI or SDT-based counseling in a face-to-face con-
text. For example, compared to a web-based interven-
tion, a real human counselor is better able to provide
skillful reflections and to respond to very subtle expressions
of motivation to change. By optimally using the possibilities
of web-based CT, we tried to achieve a high degree of simi-
larity to a face-to-face counseling situation. For example, by
using a combination of open questions and multiple choice
questions, we were able to provide very specific feedback
messages while allowing the participants to come up with
their own answers [25].
Another important difference between the I Move inter-

vention and face-to-face counseling concerns the financial
aspect. When compared to the costs of face to face counsel-
ing, a web-based delivery mode enables a higher reach since
implementation costs are very limited [6]. Since intervention
impact equals the product of efficacy and reach, this consid-
eration should be taken into account when comparing web-
based and face-to-face counseling interventions [7].
This article describes the content of I Move, and pro-

vided an example of how SDT and MI can be translated
into web-based computer tailoring. The results of the
RCT will provide more insight into the value of this
novel intervention type. This knowledge can then be
used for further development and optimization of web-
based interventions, in the domain of PA and in other
behavioral domains.

Abbreviations
CT: Computer tailoring; IM: Intervention mapping; MI: Motivational
interviewing; PA: Physical activity; RCT: Randomized controlled trial;
SCT: Social cognitive theory; SDT: Self-determination theory; TPB: Theory of
planned behavior; TTM: Trans theoretical model.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LL, AO, CB and HvK designed and wrote the original proposal. SF, AO, CB,
JG, HvK and LL developed the intervention. SF significantly contributed to
writing this article. AO, CB, JG, HvK and LL were involved in revising the
manuscript critically. All authors read and approved the final manuscript.

Acknowledgements
The study was funded by The Netherlands Organization for Health Research
and Development (ZonMw, 200120007).

Author details
1Faculty of Psychology and Educational Sciences, Open University of the
Netherlands, P.O. box 2960, Heerlen, DL 6401, The Netherlands. 2Department
of Health Promotion, Maastricht University, P.O. Box 616, Maastricht, MD
6200, The Netherlands. 3TNO, Expertise Center Life Style, P.O. Box 2215,
Leiden, CE 2301, The Netherlands.

Received: 17 February 2014 Accepted: 24 February 2014
Published: 28 February 2014

References
1. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT: Effect of

physical inactivity on major non-communicable diseases worldwide:
an analysis of burden of disease and life expectancy. Lancet 2012,
380:219–229.

2. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM,
Nieman DC, Swain DP: American College of Sports Medicine position
stand. Quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently
healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc
2011, 43:1334–1359.



Friederichs et al. BMC Public Health 2014, 14:212 Page 14 of 15
http://www.biomedcentral.com/1471-2458/14/212
3. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, Lancet
Physical Activity Series Working G: Global physical activity levels:
surveillance progress, pitfalls, and prospects. Lancet 2012, 380:247–257.

4. Hildebrandt VH, Bernaards CM, Stubbe J: Trendrapport Bewegen en
Gezondheid 2010/2011. Leiden: TNO; 2013.

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

6. Patrick H, Canevello A: Methodological overview of a self-determination
theory-based computerized intervention to promote leisure-time
physical activity. Psychol Sport Exerc 2011, 12:13–19.

7. Glasgow RE, Vogt TM, Boles SM: Evaluating the public health impact of
health promotion interventions: the RE-AIM framework. Am J Public
Health 1999, 89:1322–1327.

8. Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S,
Montes F, Brownson RC, Lancet Physical Activity Series Working G:
Evidence-based intervention in physical activity: lessons from around
the world. Lancet 2012, 380:272–281.

9. Broekhuizen K, Kroeze W, van Poppel MN, Oenema A, Brug J: A systematic
review of randomized controlled trials on the effectiveness of computer-
tailored physical activity and dietary behavior promotion programs:
an update. Ann Behav Med 2012, 44:259–286.

10. Enwald HP, Huotari ML: Preventing the obesity epidemic by second
generation tailored health communication: an interdisciplinary review.
J Med Internet Res 2010, 12:e24.

11. Lustria ML, Noar SM, Cortese J, Van Stee SK, Glueckauf RL, Lee J:
A meta-analysis of web-delivered tailored health behavior change
interventions. J Health Commun 2013, 18:1039–1069.

12. Brug J, Oenema A, Campbell M: Past, present, and future of
computer-tailored nutrition education. Am J Clin Nutr 2003,
77:1028S–1034S.

13. Rimer BK, Kreuter MW: Advancing tailored health communication:
A persuasion and message effects perspective. J Commun 2006,
56:S184–S201.

14. del Hoyo-Barbolla E, Kukafka R, Arredondo MT, Ortega M: A new
perspective in the promotion of e-health. Stud Health Technol Inform
2006, 124:404–412.

15. Peels DA, Bolman C, Golsteijn RH, De Vries H, Mudde AN, van Stralen MM,
Lechner L: Differences in reach and attrition between Web-based and
print-delivered tailored interventions among adults over 50 years of age:
clustered randomized trial. J Med Internet Res 2012, 14:e179.

16. Davies CA, Spence JC, Vandelanotte C, Caperchione CM, Mummery WK:
Meta-analysis of internet-delivered interventions to increase physical
activity levels. Int J Behav Nutr Phys Act 2012, 9:52.

17. Laplante C, Peng W: A systematic review of e-health interventions for
physical activity: an analysis of study design, intervention characteristics,
and outcomes. Telemed J E Health 2011, 17:509–523.

18. Bagoien TE, Halvari H, Nesheim H: Self-determined motivation in physical
education and its links to motivation for leisure-time physical activity,
physical activity, and well-being in general. Percept Mot Skills 2010,
111:407–432.

19. Silva MN, Markland D, Carraca EV, Vieira PN, Coutinho SR, Minderico CS,
Matos MG, Sardinha LB, Teixeira PJ: Exercise autonomous motivation
predicts 3-yr weight loss in women. Med Sci Sports Exerc 2011,
43:728–737.

20. Sweet SN, Fortier MS, Guerin E, Tulloch H, Sigal RJ, Kenny GP, Reid RD:
Understanding physical activity in adults with type 2 diabetes after
completing an exercise intervention trial: A mediation model of
self-efficacy and autonomous motivation. Psychol Health Med 2009,
14:419–429.

21. Sebire SJ, Standage M, Vansteenkiste M: Predicting objectively assessed
physical activity from the content and regulation of exercise goals:
evidence for a mediational model. J Sport Exerc Psychol 2011, 33:175–197.

22. Teixeira PJ, Carraca EV, Markland D, Silva MN, Ryan RM: Exercise, physical
activity, and self-determination theory: a systematic review. Int J Behav
Nutr Phys Act 2012, 9:78.

23. Miller WR, Rollnick S: Motivational Interviewing. Helping People Change.
New York: The Guilford Press; 2013.

24. Ryan RM, Deci EL: Self-determination theory and the facilitation of
intrinsic motivation, social development, and well-being. Am Psychol
2000, 55:68–78.
25. Deci EL, Ryan RM: Self-determination theory: a macrotheory of human
motivation, development, and health. Can Psychol Psychol Canadienne
2008, 49:182–185.

26. Ryan RM, Patrick H, Deci EL, Williams GC: Facilitating health behaviour
change and its maintenance: Intreventions based on Self-Detyermination
Theory. Eur Health Psychologist 2008, 10:2–5.

27. Markland D, Ingledew DK: Exercise Participation Motives. In Intrinsic
Motivation and Self-Determination in Exercise and Sport. Edited by Hagger
MS, Chatzisarantis NL. Champaign, IL: Human Kinetics; 2007.

28. Patrick H, Williams GC: Self-determination theory: its application to
health behavior and complementarity with motivational interviewing.
Int J Behav Nutr Phys Act 2012, 9:18.

29. Markland D, Ryan RM, Tobin VJ, Rollnick S: Motivational interviewing and
self-determination theory. J Soc Clin Psychol 2005, 24:811–831.

30. Vansteenkiste M, Williams GC, Resnicow K: Toward systematic integration
between Self-Determination Theory and Motivational Interviewing as
examples of top-down and bottom-up intervention development:
Autonomy or volition as a fundamental theoretical principle. Int J Behav
Nutr Phys Act 2012, 9:23.

31. Fortier MS, Duda JL, Guerin E, Teixeira PJ: Promoting physical activity:
development and testing of self-determination theory-based
interventions. Int J Behav Nutr Phys Act 2012, 9:20.

32. Breckon JD, Johnston LH, Hutchison A: Physical activity counseling
content and competency: a systematic review. J Phys Act Health 2008,
5:398–417.

33. Martins RK, McNeil DW: Review of motivational interviewing in promoting
health behaviors. Clin Psychol Rev 2009, 29:283–293.

34. Resnicow K, Davis RE, Zhang G, Konkel J, Strecher VJ, Shaikh AR, Tolsma D,
Calvi J, Alexander G, Anderson JP, Wiese C: Tailoring a fruit and vegetable
intervention on novel motivational constructs: results of a randomized
study. Ann Behav Med 2008, 35:159–169.

35. Bickmore T, Giorgino T: Health dialog systems for patients and
consumers. J Biomed Inform 2006, 39:556–571.

36. Brug J, Oenema A, Ferreira I: Theory, evidence and Intervention Mapping
to improve behavior nutrition and physical activity interventions.
Int J Behav Nutr Phys Act 2005, 2:2.

37. Bartholomew LK, Parcel GS, Kok G, Gottlieb NH, Fernandez ME: Planning
Health Promotion Programs: An Intervention Mapping Approach. San
Francisco: Jossey-Bass; 2011.

38. Ryan RM, Lynch MF, Vansteenkiste M, Deci EL: Motivation and autonomy
in counseling, psychotherapy, and behavior change: a look at theory
and practice. Counseling Psychologist 2011, 39:193–260.

39. Moyers TB, Martin T, Manuel JK, Hendrickson SM, Miller WR: Assessing
competence in the use of motivational interviewing. J Subst Abuse Treat
2005, 28:19–26.

40. Pierson HM, Hayes SC, Gifford EV, Roget N, Padilla M, Bissett R, Berry K,
Kohlenberg B, Rhode R, Fisher G: An examination of the motivational
interviewing treatment integrity code. J Subst Abuse Treat 2007, 32:11–17.

41. Friederichs SA, Oenema A, Bolman C, Guyaux J, van Keulen HM, Lechner L:
Motivational interviewing in a web-based physical activity intervention:
questions and reflections. Health Promot Int 2013 (epub ahead of print).

42. Baylor AL: Promoting motivation with virtual agents and avatars: role of
visual presence and appearance. Philos Trans R Soc B-Biol Sci 2009,
364:3559–3565.

43. 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,
42:413–450.

44. Baylor AL: The design of motivational agents and avatars. Etr&D-Educ
Technol Res Dev 2011, 59:291–300.

45. Bickmore T, Gruber A, Picard R: Establishing the computer-patient working
alliance in automated health behavior change interventions. Patient Educ
Couns 2005, 59:21–30.

46. Okun BF: Effective Helping : Interviewing and Counseling Techniques.
7th edition. Australia ; Belmont, CA: Thomson Brooks/Cole; 2008.

47. Blanson Henkemans OA, van der Boog PJM, Lindenberg J, van der Mast
CAPG, Neerincx MA, Zwetsloot-Schonk BJHM: An online lifestyle diary
with a persuasive computer assistant providing feedback on
self-management. Technol Health Care 2009, 17:253–267.

48. Jin S-AA: The effects of incorporating a virtual agent in a computer-aided
test designed for stress management education: The mediating role of
enjoyment. Comput Hum Behav 2010, 26:443–451.



Friederichs et al. BMC Public Health 2014, 14:212 Page 15 of 15
http://www.biomedcentral.com/1471-2458/14/212
49. 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. J Med Internet Res 2012, 14:e1.

50. Friederichs S, Bolman C, Oenema A, Guyaux J, Lechner L: Motivational
interviewing in a web-based physical activity intervention with an
avatar: a randomized controlled trial. J Med Internet Res 2014, 16:e48.

51. Ijsselsteijn WA, Kort YAW, Westerink J, Jager M, Bonants R: Virtual fitness:
stimulating exercise behavior through media technology. Presence:
Teleoperators Virtual Environ 2006, 15:688–698.

52. Jackson RA, Stotland NE, Caughey AB, Gerbert B: Improving diet and
exercise in pregnancy with Video Doctor counseling: a randomized trial.
Patient Educ Couns 2011, 83:203–209.

53. Gilbert P, Ciccarone D, Gansky SA, Bangsberg DR, Clanon K, McPhee SJ,
Calderon SH, Bogetz A, Gerbert B: Interactive “Video Doctor” counseling
reduces drug and sexual risk behaviors among HIV-positive patients in
diverse outpatient settings. PLoS One 2008, 3:e1988.

54. Gerbert B, Berg-Smith S, Mancuso M, Caspers N, McPhee S, Null D, Wofsy J:
Using innovative video doctor technology in primary care to deliver brief
smoking and alcohol intervention. Health Promot Pract 2003, 4:249–261.

55. Hinyard LJ, Kreuter MW: Using narrative communication as a tool for
health behavior change: a conceptual, theoretical, and empirical
overview. Health Educ Behav 2007, 34:777–792.

56. Rollnick S, Butler CC, Stott N: Helping smokers make decisions: the
enhancement of brief intervention for general medical practice.
Patient Educ Couns 1997, 31:191–203.

57. Allan J, Sniehotta F, Johnston M: The best laid plans: planning skill
determines the effectiveness of action plans and implementation
intentions. Ann Behav Med 2013, 46:114–120.

58. Scholz U, Schuz B, Ziegelmann JP, Lippke S, Schwarzer R: Beyond
behavioural intentions: planning mediates between intentions and
physical activity. Br J Health Psychol 2008, 13:479–494.

59. Sniehotta FF: Towards a theory of intentional behaviour change: plans,
planning, and self-regulation. Br J Health Psychol 2009, 14:261–273.

60. Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D: Reproducibility and
relative validity of the short questionnaire to assess health-enhancing
physical activity. J Clin Epidemiol 2003, 56:1163–1169.

61. Peels DA, van Stralen MM, Bolman C, Golsteijn RH, de Vries H, Mudde AN,
Lechner L: Development of web-based computer-tailored advice to
promote physical activity among people older than 50 years. J Med
Internet Res 2012, 14:e39.

62. van Stralen MM, Kok G, de Vries H, Mudde AN, Bolman C, Lechner L:
The Active plus protocol: systematic development of two theory- and
evidence-based tailored physical activity interventions for the
over-fifties. BMC Public Health 2008, 8:399.

63. Elfeddali I, Bolman C, Candel MJ, Wiers RW, de Vries H: Preventing smoking
relapse via Web-based computer-tailored feedback: a randomized
controlled trial. J Med Internet Res 2012, 14:e109.

64. Peels DA, Bolman C, Golsteijn RH, de Vries H, Mudde AN, van Stralen MM,
Lechner L: Long-term efficacy of a printed or a Web-based tailored
physical activity intervention among older adults. Int J Behav
Nutr Phys Act 2013, 10:104.

65. Robroek SJ, van Lenthe FJ, van Empelen P, Burdorf A: Determinants of
participation in worksite health promotion programmes: a systematic
review. Int J Behav Nutr Phys Act 2009, 6:26.

66. Ryan RM, Connell JP: Perceived locus of causality and internalization:
examining reasons for acting in two domains. J Pers Soc Psychol 1989,
57:749–761.

67. McAuley E, Duncan T, Tammen VV: Psychometric properties of the
intrinsic motivation inventory in a competitive sport setting: a
confirmatory factor analysis. Res Q Exerc Sport 1989, 60:48–58.

68. Sheeran P, Orbell S: Implementation intentions and repeated behaviour:
augmenting the predictive validity of the theory of planned behaviour.
Eur J Soc Psychol 1999, 29:349–369.
69. Webb TL, Sheeran P: Integrating concepts from goal theories to
understand the achievement of personal goals. Eur J Soc Psychol 2005,
35:69–96.

70. Peels DA, de Vries H, Bolman C, Golsteijn RH, van Stralen MM, Mudde AN,
Lechner L: Differences in the use and appreciation of a web-based or
printed computer-tailored physical activity intervention for people aged
over 50 years. Health Educ Res 2013, 28:715–731.

doi:10.1186/1471-2458-14-212
Cite this article as: Friederichs et al.: I Move: systematic development of
a web-based computer tailored physical activity intervention, based on
motivational interviewing and self-determination theory. BMC Public
Health 2014 14:212.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Computer tailoring
	Self-determination theory & motivational interviewing
	SDT & MI in physical activity promotion
	SDT & MI in web-based CT

	Methods/Design
	Translation of SDT and MI into web-based CT
	Translation of MI skills into web-based CT
	MI skills: asking open questions and reflective listening
	MI skills: affirming
	MI skills: summarizing
	MI skills: informing and advising
	Translation of MI processes into web-based CT
	MI processes: engaging
	MI processes: focusing
	MI processes: evoking
	Importance ruler
	Value clarification
	Looking forward
	Confidence ruler
	Looking back
	MI processes: planning
	Translation of the MI spirit into web-based CT
	MI spirit: partnership
	MI spirit: acceptance & compassion
	MI spirit: evocation
	Content of the four intervention sessions
	Pretest
	Evaluation design
	Participants
	Measurements

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

