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Abstract—The objective of this paper is to study theories
behind behavior change and adaptation of behavior. Humans
often live according to habitual behavior. Changing an existing
behavior or adopting a new (healthier) behavior is not an easy
task. There are a number of things which are important when
considering adapting physical activity behavior. A behavior is
affected by various cognitive processes, for example involving
beliefs, intentions, goals, impediments. A conceptual and
computational model is discussed based on state of the art
theories about behavior change. The model combines different
theories: the social cognitive theory, and the theory of selfregulation. In addition, health behavior interventions are
discussed that may be used in a coaching system. The paper
consists of two parts: the first part describes a computational
model of behavior change and the second part discusses the
formalization of evidence-based techniques for behavior change
and questions to measure the various states of mind in order to
provide tailored and personalized support.
Keywords—Behavior monitoring; healthy lifestyle; behavior
change; physical activity; computational model

I.

INTRODUCTION

In this paper we explore and study theories and models
about behavior change, in which the particular focus is on
adopting a healthy behavior. In this work we study what state
of the art theories about behavior change propose and how a
theory about health behavior change can be formalized in a
way that it can be used with a mobile system to motivate and
encourage young individuals to adopt a more physically active
lifestyle. Mobile and sensor technology provide a promising
way to support health behavior change interventions.
Depending on what aspect of a healthy lifestyle is intended to
be addressed, knowledge from different domains can be used.
For instance, if the goal is to achieve a good mood or lowering
daily life stress [1], [2], then theories related to emotion

regulation could be used [3]. In the first half of this paper
various theories related to behavior change are discussed and
one of them is used to formalize in terms of a computational
model. This computational model is implemented in the virtual
coaching system whose purpose is to help young adults to
physically be more active. The computational model is adopted
from [4]. The second part discusses the identification of
various behavior change techniques and how they can be used
in a mobile system; this is based on [5]. In this part we explore
theories and evidence based research to understand how
different theories can play a role in the design and development
of an intelligent coaching system that can help motivate people
to achieve an active lifestyle. One of the first steps is to
identify behavioral determinants of physical activity behavior.
In this respect different health behavior models have been
suggested in the literature, over the years different theories
proposed different kinds of focal determinants for health
behavior. Some of those theories and their focal determinants
are discussed below. The computational model used by the
coaching system to predict health behavior determinants. Each
determinant (in the computational model) is linked to a
behavior change technique and a number of motivational
messages. These messages help user to increase their
motivation level towards physical activity health behavior.
II.

THEORIES ON BEHAVIOR CHANGE

In this section, we will review the most important
(psychological) theories on behavior change. Based on this
discussion, a computational model of behavior change will be
presented in the subsequent section.
A. The Transtheoretical Model
The transtheoretical model proposes one theory of behavior
change [6]. It consists of four major components: stages of
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change, processes of change, decisional balance, and selfefficacy. The model proposes that in order to change unhealthy
behavior or adopt a healthy lifestyle, people go through six
stages of change. These stages of change describe that a change
of behavior occurs over a time period through different stages
in different time slots. The first is precontemplation in which
there is no awareness of the advantages and disadvantages of a
behavior change and no change occurs in next six months. The
Contemplation stage describes when people are better aware of
the pros and cons of a behavior and in the next six months the
change is likely. In the Preparation stage individuals are to
change; this can take place in the next month. The Action stage
is when people take the actual action to change the behavior.
The Maintenance phase is when an individual avoids a
situation where a relapse can happen; usually it lasts for a
longer period of time which may be from six months to five
years. In this stage usually individuals feel less temptation
towards the unhealthy behavior. The last is the Termination
stage determines the time point where a person do not feel any
temptation to go back to the old habit.
B. Health Belief Model
Another model which is often referred to in health behavior
literature and used in various empirical studies is the Health
Belief model [7]. The Health belief model mainly consists of
four constructs. Perceived susceptibility determines a person’s
subjective perspective on the risks of getting an illness,
perceived severity is the belief which determines an
individual’s opinions about the seriousness of an illness. The
last two are perceived benefits and perceived barriers; these are
the beliefs concerning the potential benefits of adapting a
healthy behavior and the likely hurdles one would face. If a
person would give more weightage to potential benefits than
the barriers, then he/she most likely adapt the behavior. Later
the model was extended by including another construct: selfefficacy [8]. Self-efficacy is the extent to which a person
believes that he/she is able to change his/her behavior; it is
further discussed in the section about the Social Cognitive
Theory below.
C. Theory of Planned Behavior
The Theory of planned behavior [9] is also one of the
widely used models in health behavior, it is the extension of
another theory by the same author, the theory of reasoned
actions [10]. The model suggests that a health behavior is
determined by attitudes and social influences through behavior
intentions. Therefore, if an individual’s attitude towards a
health behavior is positive and a perceived social pressure to
perform that health behavior is also present, then the
individual’s behavioral intention is higher to execute certain
health behavior.
D. Ecological Models of Behavior Change
The proponents of ecological models propose that a
population-wise change can only be achieved by taking into
account various environmental factors; for example, a person’s
physical and social environment also play an important role in
achieving behavior change. Ecological models [11] of health
behavior suggest that there are more factors that could
contribute to a health behavior than psychological and social
factors. These may include a person’s physical environment,

but also other ecological factors are taken into consideration,
for example, the physical infrastructure, the community of a
person, the policies, etc.
E. The Social Cognitive Theory
In the area of active physical behavior, one of the most
often used theories is the Social cognitive theory [12], [13].
The most important concept in social cognitive theory is selfefficacy. As mentioned above, self-efficacy is a person’s
confidence in his/her capabilities to perform a certain action
successfully. A high self-efficacy is associated with strong
determination in the wake of difficulties and not giving up. A
low self-efficacy is associated with difficulty in
performing/committing to a challenging task and to give up in
the wake of difficulties. Self-efficacy can be strengthened by
social support and satisfaction about a difficult task done in the
past. Friends can also help a person to remind him/her about
the person’s success on a difficult task in the past. Furthermore,
self-efficacy affects the behavior through multiple paths, it can
affect it directly or it can affect it indirectly through intentions
or outcome expectations. Self-efficacy plays an essential role
in a number of behaviors. Different kinds of interventions have
been proposed based on the targeted behavior, for example, for
smoking cessation [5]. Further important determinants are
satisfaction intentions, impediments, long term goals, social
norms. Reciprocal determinism also is an important concept in
the Social cognitive theory; it proposes that a person’s
behavior, his/her personal characteristics and his/her
environment have reciprocal interactions to determine the
subsequent behavior of the person. Outcome expectation is
another important concept in the theory. It determines what
people expect after performing an action, outcome expectation
is further based on physical outcome expectations, social
outcome expectations and personal outcome expectations.
Physical outcome expectations determine the changes that are
felt in the body, for example, after exercising one might have a
good feeling. Social outcome expectations determine people’s
behavior towards the action which is carried out and personal
outcome expectations represent the extent to which one expects
to be better or worse off.
Impediment determines the obstacle one encounters during
the course of an action or before performing an action. For
example an individual might avoid going to sports school by
bike if the weather is not conducive or if it is raining. Another
common impediment is lack of time. Social norms affect the
behavior through the intentions; social norm are people’s
reaction towards an action. Goals are also important ingredient
of the Social cognitive theory; goals can be divided into
distal/long term and proximal/short term (i.e. intentions).
III.

COMPUTATIONAL MODEL

Given the fact that the Social cognitive theory is one of the
most often used theories in the area of active physical behavior
and that we also intend to apply it in practice, choosing this
theory as the basis of creating a computational model is a
natural choice. This section describes a formalization of this
model. The conceptualization of the model is depicted in
Fig. 1.
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Often in the literature, the emphasis is given to some
determinants of the Social cognitive theory, but in the model
that we present, all the ingredients are used. The model
describes the dynamic relations among the determinants, which
helps to understand how they work together to influence
physical activity behavior. Below we discuss some of the
concepts (with their formalization) in the model, they are
adopted from [4], (for the remaining formalization please see
preceding paper). Simulation result in Fig. 2 is adopted from
[4], it suggest that when a person with inactive behavior
encounters impediments it can cause an improvement in his/her
behavior if he/she is able to surpass the potential impediments,
for the rest of other results please see [4].
A. Self-efficacy
In the context of physical activity, the definition of selfefficacy is a person’s judgment about his/her capability to
successfully indulge in an active lifestyle. Self-efficacy can be
strengthened by social comparison, social support,
accomplishing a task successfully, and psychological responses
(for example a person does not feel any anxiety or fear before
giving a presentation). One of the sources of self-efficacy is
satisfaction about a behavior or an accomplishment. A higher
satisfaction leads to an increased self-efficacy and “a lower
satisfaction level results in a decreased self-efficacy”. It can be
computed in the following way.
If SE(t) ≥ Sat(t): SE(t + Δt) = SE(t) + βSat,SE · (Sat(t)
– SE(t)) · SE(t) · Δt
If SE(t) < Sat(t): SE(t + Δt) = SE(t) + βSat,SE · (Sat(t) – SE(t)) · (1 –
SE(t)) · Δt

B. Outcome Expectations
Outcome expectations are described in terms of three
further outcomes i.e. physical outcome expectations, social
outcome expectations, and personal outcome expectations. OE
is computed with the following formulas:

If OE*(t) ≥ SE(t): OE(t + Δt) = OE*(t) + βSE,OE · (SE(t) –OE*(t))
· OE*(t) · Δt
If OE*(t) < SE(t): OE(t + Δt) = OE*(t) + βSE,OE ∙ (SE(t) –

OE*(t)) ∙ (1 –OE*(t)) ∙ Δt
C. Impediments
Confidence in one’s capability can help overcome an
impediment. Other factors also play a role to avoid temptations
and overcome impediments, for example self-regulation. But,
if a person’s self-efficacy level is higher it helps him/her to be
stronger in the face of difficulties. It is computed by the
difference between self-efficacy and the impediments.
If SE(t) ≥ Imp(t): Imp(t + Δt) = Imp(t) – βSE,Imp · (SE(t) – Imp(t)) ·
Imp(t) · Δt
If SE(t) < Imp(t): Imp(t + Δt) = Imp(t) – βSE,Imp · (SE(t) – Imp(t)) · (1 –
Imp(t)) · Δt

D. Intentions
Intentions are short term goals. Outcomes expectations
influence in the process of goal formation, as people aim for
those action for which they expect positive consequences. Selfefficacy and outcome expectations together determine
intentions. Furthermore, intentions are also affected by the
impediments and the facilitators.
Change_Int(t) = βSE, Int · (SE(t) – Int(t)) + βSOE,Int · (SOE(t) –
Int(t)) + βFac,Int · Fac(t) – βImp,Int · Imp(t)
If Change_Int(t) ≥ 0: Int(t + Δt) = Int(t) + Change_Int(t) · (1 – Int(t))
· Δt
If Change_Int(t) < 0: Int(t + Δt) = Int(t) + Change_Int(t) · Int(t) · Δt

E. Satisfaction
As seen in Fig. 1, the satisfaction has incoming edges from
three
states
i.e.
behavior,
intention,
and
facilitators/impediments. It is computed by combining these
states in the following formula.

OE*(t) = (ωSOE · SOE(t) + ωPOE · POE(t) + ωPhOE · PhOE(t)) /
(ωSOE + ωPOE + ωPhOE)

Fig. 1. A computational model for behavior change based on the social cognitive theory; the model is adopted from [4].
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Change_Sat(t) = βInt&Beh,Sat · (Beh(t) – Int(t)) + βImp,Sat · Imp(t) –
βFac,Sat · Fac(t)
If Change_Sat(t) ≥ 0:Sat(t + Δt) = Sat(t) + Change_Sat(t) · (1 –
Sat(t)) · Δt
If Change_Sat(t) < 0:Sat(t + Δt) = Sat(t) + Change_Sat(t) · Sat(t) · Δt

F. Behavior
Behavior is influenced by self-efficacy, outcome
expectations, and intentions. It is implemented in similar way:
there are incoming edges from these states to behavior. In the
current context a behavior describes a person’s activity level, if
value of 0 shows that person is not active and a value of 1
describes that the individual is very active.
Change_Beh(t) = βSE,Beh · (SE(t) – Beh(t)) + βOE,Beh · (OE(t) –
Beh(t)) + βInt,Beh · (Int(t) – Beh(t)) + βFac,Beh · Fac(t) – βImp,Beh · Imp(t)
If Change_Beh(t) ≥ 0: Beh(t + Δt) = Beh(t) + Change_Beh(t) · (1 –
Beh(t)) · Δt
If Change_Beh(t) < 0: Beh(t + Δt) = Beh(t) + Change_Beh(t) ∙
Beh(t) ∙ Δt

IV.

PROPOSING AND IMPLEMENTING BEHAVIOR CHANGE
TECHNIQUES

The second part of this paper is concerned with the
formalization of behavior change techniques (BCTs). This
section is partially based on the research conducted in [5]. We
first discuss the relation between behavior change and modern
(mobile/sensor) technology, then we describe the concept of
tailoring, and finally we identify BCTs and describe how they
can be translated into actual tailored messages that can be used
within a mobile system for stimulating physical activity. The
BCTs described in [5] are adopted from the widely used
taxonomy proposed by Michie et al. They suggested a
standardized collection of BCTs which can be linked to various
determinants in a theoretical framework [14].
A. Behavior Change Techniques and Modern Technology
A smartphone is an inherently a personalized device and
therefore it seems to be a well suited medium to implement

BCTs and deliver tailored messages, although there is not
much research done to check the effectiveness of mHealth
based tailored messages [15]. Recently, new trends have
emerged in an effort to help and support behavior change.
Lyons et al. have conducted a study to analyze whether modern
wearable devices do implement empirically tested BCTs.
Based on their systematic analysis it was demonstrated that
many BCTs are supported in the wearables for instance some
of the most common BCTs which are supported by state of the
art wearables include self-monitoring, feedback, and goalsetting. However, many of the wearables do not support action
planning, behavioral practice, and problem solving which are
considered essential BCTs in the physical activity domain [16].
Some individuals, who are known as Quantified-selfers are
already employing modern devices for self-monitoring without
the aid of an explicit intervention. Quantified-Selfers [17] are
described as extreme users who form an
intrinsically
motivated group of people who are interested to measure
various aspects of their lives, for example, to improve health or
improve sleep quality [18]. Furthermore, they are also
considered as proactive people who want to monitor their
health (e.g., glucose levels and blood pressure) to deal with
unlikely circumstances. Choe et al. conducted a study in which
they interviewed people who are very much interested in
quantifying different aspects of their lives, to extract what
motivates them or what kind of problems they encounter
during the quantification process. It is seen that in the
beginning individuals are better motivated so they track many
thing simultaneously but eventually some people give up
because there is a large amount of data and managing and
analyzing it is not trivial task. Some people’s motivation
decreases because no automatic feedback is provided to help
them to remind them about the goal or, for example, what to
track and what not to track. This is particularly in line with the
study conducted by Lyon et al. [16], in which they found that
one of the important features lacking in activity monitors is
action planning.

Fig. 2. An example simulation scenario of the model, as presented in (Mollee & van der Wal, 2013).
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Personal informatics is another synonym term for
quantified-self, Li et al. conducted a survey, and based on it
they propose their five stages model to self-discovery [19]. The
first stage corresponds to preparation; this stage takes place
before starting a system. It consists of mainly two things: what
kind of information people are motivated to record and what
kind of software or wearable/tracker people would like to use
or a combination of both. In this stage people face difficulties
because every kind of tool has its own format and using
multiple tools or switching between tools can lead to loss of
information that was recorded previously. Another problem is
that initially people are motivated enough to use a variety of
tools, but after some time their motivation becomes less.
Collection is the second stage in which people actually start
recording data about different aspects of their personal life. In
this stage people encounter problems that sometimes there is a
lack of motivation or lack of time. The next stage is
Integration; the challenge in this stage is to combine and
integrate the data when it comes from multiple sources. It
could lead to problems to move to next stage of Reflection
which helps the person to explore and think about different
aspects of the information. And Action is the last stage when
people need to take certain action based on their new self.
While technologies such as Personal Informatics and
Wearables are promising for behavior change, their potential
for behavior change tools can be leveraged by using evidencebased behavior change techniques and established behavior
change models such as discussed in Section 2 of this paper.
B. Tailored Messages
There is difference between computer generated and
computer tailored feedback [20], [21]. Computer generated
feedback is merely a static delivery of contents without any
personalization features attached to the feedback. In contrast, in
computer tailored feedback an individual’s psychological,
social, and physical states are measured and then based on that
the tailored feedback is generated by applying some
algorithm(s). Moreover, there is also a difference between
dynamically tailored and static tailored feedback. In the
dynamic variant, timely feedback is generated based on ongoing assessment, while static feedback is based on onetime
assessment [20]. It has been shown that dynamically tailored
feedback is significantly better, It also has been found that
tailored messages have stronger effect than non-tailored
messages
[21].
Tailored
messages
require
strategies/suggestions that are targeted to an individual based
on his/her unique mental, physiological and environmental
attributes rather than for an entire group, which are often
referred as targeted generic messages [21]. In practice,
software tailored messages have also shown more promising
results then untailored messages [21] .
C. Behavior Change Techniques in a mobile support system
To implement an automated support system for behavior
change, we should identify evidence-based techniques which
can be linked in an algorithmic way to the computational
analysis of the determinants of behavior change. In this section,

we identify appropriate BCTs (in the physical activity domain)
based on the literature (Michie et al., 2013) and link them to
behavior determinants that were identified in the previous
model (see Section 2). Second, it should be decided how to
implement various BCTs. For example, one of the ways is to
implement them in terms of feedback messages. The messages
need to be tailored to each individual. Various measures can be
used to personalize the messages, i.e. an individual’s activity
data, location data, social network and behavior determinants
which can be determined by various questions.
In Table I, an overview is provided on how determinants
used in the computational model described in Section 3 are
related to BCTs from the taxonomy of Michie and how they
can be applied in a mobile support system. The table also
shows from which behavior change theory the determinants
stem (see Section 2).
V.

CONCLUSION

In this paper various theories related to behavior change
were discussed. The Social Cognitive Theory is a widely used
theory in the domain of physical activity behavior. A model
based on this theory which was earlier formalized [4] is
adopted in this paper. The objective of the computational
model is to provide a computational means for reasoning about
behavior change in a coaching system. We have discussed that
modern technology such as wearables do help to achieve a
behavior change to some extent but they do not yet fulfill the
role of a personalized coaching system. Based on a model, a
coaching system can predict behavior and generate context
specific tailored messages for the users of the system. These
messages are based on evidence-based strategies [5] to
improve physical activity behavior, which are linked to
particular BCTs and determinants in the model. Currently state
of the art techniques (which are based on mobile apps) to
improve health behavior do not support evidence-based
behavior change techniques [15].
If the tailored interventions are combined with network
interventions [22] they have a great potential for strengthening
health behavior change. Social network interventions can play
an important role to achieve a behavior change by utilizing the
structure of the network and measuring various characteristics
(mental and physical states) of individuals in the network. In
addition to personalized feedback, this provides the possibility
to create another type of support based on different social
phenomena such as social support, social comparison, social
contagion, etc. A number of strategies [22], [23] exist to find
people in a social network who can work as change agents. For
instance, it is possible to identify people in a social network
based on the similar characteristics who can provide social
support to each other. Social interventions are especially
relevant as one of the important behavior change technique
related to self-efficacy is social modelling or social comparison
through which self-efficacy can be improved/increased [24]. A
number of social interventions are proposed above, but further
research can be done on implementing them in support
systems.
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TABLE I.

LIST OF DETERMINANTS, RELATED BEHAVIOR CHANGE TECHNIQUES AND THE POSSIBLE IMPLEMENTATION IN AN AUTOMATED SYSTEM. NOTE THAT
THE TABLE IS ADOPTED FROM ANOUK MIDDELWEERD ET AL. 2017

Determinant
Outcome
Expectations
Self-efficacy

Intention

Impediments
Social Norm
(Descriptive and
Inductive)
Self-regulation

Satisfaction
Long-term goals

Behavior Change Technique
Provide general information on consequences of
behavior in general
Action planning/ time management
Social comparison
Persuasion
Prompt self-monitoring
Plan social support
Imaginary reward
Progress towards goal
Motivational messages
Modeling
Prompt instruction
Prompt goal setting
Prompt Barrier identification

Message in general and tailored to aspects of the questionnaire
Message
Graph tailored to preference social comparison (up-/ down wards
Persuasive massages on how to overcome barriers
Message & graph
Message
Message
Message
Message
Message & graph
message
Message & suggestion
message
Graph tailored to preference social comparisons (up-/ down
wards

Social comparisons
Information about other's approval
self-monitoring
Goalsetting
Progress towards goal
Self-evaluation
Imaginary reward
Self-evaluation
Provide general information on consequences of
behavior in general
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