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Abstract—Personalised e-coaching system needs to make delib-
erate efforts to design intervention experiences that fit the needs,
problems, goals, and interest of their participants. In this paper,
we propose architecture for Physical Activity (PA) based on the
trans-theoretical model of behaviour change. The overall purpose
of our personalised e-coaching system is to help constructing
personalised sessions and contents that promote adherence to the
PA promotion program. To achieve this, the system recognizes
different patterns of activity behaviour and stage of changes of
the individual, which are guided by the expert’s knowledge. A
key difference between our system and the other state-of-the art
systems is that in our framework, the content of the personalised
recommendations or advice is not only adapted based on the
participant’s responses, historical data, but also based on the
participant’s activity preferences, health conditions and different
values of importance.

I. INTRODUCTION

Different methods have been developed for behaviour
change support systems that influence an individual’s motiva-
tion to change their behaviour. An example of a recent study
presents a novel mobile coaching platform for fully automated
coaching with tailored recommendations [1].

A major challenge of these systems is how to adapt the
system to the individual’s performance to reduce the treatment
or prescription mismatch as described in [2]. Understanding
the theoretical models and determinants of behaviour change
is essential to create an effective intervention for promotion
of physical activity.

In this research, brain impairment is selected as a case study
due to this group’s particular needs and difficulties to promote
physical activity. To support this case study, we have applied
a model of behaviour change and motivational interviewing
techniques to inform the design. We also carried out real-world
investigations on the needs of health coach and participant
users through a systematic analysis from discussions with
researchers and physical activity experts.

In addition to using the model, user’s stages of behaviour
change also needs to examine and take into account his or
her health status to determine risks of injuries. Researchers
in artificial intelligence and computer science fields have used

1Puspa S. Pratiwi is with Science and Engineering Faculty, Queens-
land University of Technology, Brisbane,Queensland, Australia email:
p.pratiwi@qut.edu.au

2Dian Tjondronegoro is School of Business and
Tourism, Southern Cross University, Gold Coast, Australia
email:dian.tjondronegoro@scu.edu.au

different types of information sources to model systems that
can guide behaviour change, which can provide accurate,
persuasive, and encouraging messages for promoting physical
activity. Examples of information sources include internal
human-centric contexts, preferences as well as motivations and
goals [3].

The underlying framework of our proposed system is data
acquisition strategy through assessment data collection and
daily activity sensor. This framework is novel as the content
of the personalised recommendations or advices is not only
adapted based on the participant’s responses, historical data,
and medical requirements but also based on the participant’s
activity preferences, health conditions and different values of
importance. Therefore, the main contributions of this paper
are: 1) Theoretical framework of the system to define its
functional and data to support personalised coaching; and 2)
System framework that can achieve the automated coaching
for assisting coach in promoting PA for individuals with brain
impairments with continuous feedback and recommendation.

II. THEORETICAL FRAMEWORK

A. Behaviour Change Theory

The system’s coaching strategies are based on principles
derived from several models and bodies of psychological and
behaviour change research. Stage-matched behaviour change
strategies based on trans-theoretical model (TTM) [4] that
categorizes the process of behaviour change into the five
stages. Using this stage of change classification, the health
coach can tailor the program strategies to suit the participant’s
motivational readiness for change.

Our proposed system only focuses on the first three stages.
This is due to the fact that our case study indicates that
individuals with brain impairments have similar cognitive
and behavioural presentations related to physical activity par-
ticipation. These individuals have a clear lack of motiva-
tion due to the perceived little benefits of physical activity,
therefore needs to be motivated to increase their activity
from insufficient to sufficient levels via goal setting, reward
systems, and self-monitoring [5]. The three stages are: Stage-
1 (pre-contemplation), whereby the emphasis is placed on the
discrepancy development between present PA behaviour and
broader goals and values. Stage-2 (contemplation) focuses on
evaluating benefits and barriers relating to PA participation.
Stage 3 (preparation) emphasizes on assisting participants to
identify opportunities to be physically active and develop
strategies around these.



Fig. 1. Trans-theoretical Model(TTM)[4]

B. Motivational Interviewing

Motivational Interviewing (MI) [6] has been applied by
health practitioners to motivate their patients, therefore has
been employed by our expert person for designing a tailored
intervention program for individuals with brain impairment.
This method has been significantly proven to be a successful
guiding style for health practitioners to help their patients in
the process of resolving ambivalent feelings toward lifestyle
changes.

MI can be divided into several steps: ask patient’s permis-
sion to talk about unhealthy behaviour; ask the reason of the
behaviour; ask the motivation score question by listening for
reasons or urges to change and rate the motivation; ask the
confidence score question that relates to their ability to change;
ask about in what moment they see themselves started the
change. These steps lead to the awareness of the patient about
their situation and resolves their discrepancy with their health
practitioners.

C. E-Coaching Systems

Coaching is an emerging topic in different areas and aspects
of human everyday activities such as physical activities [7].
The extensive use of web and mobile technologies advanced
different aspects of coaching and introduced the term e-
coaching. E-coaching systems is defined in [8] as a set of
computerised components that constituted an artificial entity
that has the ability to observe, reason, learn, and predict
what a user will do, or how the user will respond to a
certain interaction, and they are able to interact with user
through conversation that the system can take its initiative
and co-determine about the conversation.Personalisation is
a necessary pre-requisite of the e-coaching process, which
can provide significant result in supporting people to achieve
their health goals and proper maintenance of their healthy
lifestyle behaviour. By performing healthy lifestyle behaviour,
people can prevent themselves from many non-communicable
diseases.

III. SYSTEM FRAMEWORK

We employed a Design Science Research (DSR) approach
[9] to focus on gathering requirements and iteratively design
the E-Coach system.

A. Functionality Requirements

The purpose of our proposed personalised e-coaching sys-
tems is to provide individual personalised sessions and ac-
tionable messages that promote individual adherence to the
Physical Activity (PA) promotion program. To do this, the
system should take account the changes in the individual
(e.g. health condition, life values motivation) and environment
(e.g. available resources). For example, the system should
provide adequate information about benefits of doing physical
activities when a user is having no intention to perform PA;
or congratulate the user after achieving some targeted goals.
Based on the defined set of features of an e-coaching systems
system[8], we propose these functionalities.

First, the system can recommend strategies based on user’s
stage of change and identified barrier: the stage is determined
from the calculated score from the validated questionnaire
instruments answered by the user. This score value is stored
in the system and taken as a starting point for the personalised
coaching. The questionnaire that is used to assess the stage-
of-change level is given as a multiple-choice question.

Second, the system can deliver physical activity reminders
provides coaching in form of reminders generated from the
knowledge repository and self-monitoring device. The repos-
itory is constructed from domain expert knowledge. Self-
monitoring device (e.g. Fitbit) is provided to the user to
measure their physical activity. Based from this monitoring
data, the user would receive message from the system about
the current activity level related to their pre-set activity goal.
The health care professional and a relative also receive a
periodic summary of the monitored activities.

Third, the system can be used to set goals based on the iden-
tified strategies: Goals can be chosen from a list of pre-defined
expert goal inputs combined with user’s activity preference
or resource availability. This information is utilized to make
goals more concrete and conceivable than just numerical step
counts. User is also recommended to set their own realistic
and behaviour specific goals

Fourth, the system can reason, predict and learn about the
changes required for updating the rules: Rules are essential
paradigm for representing knowledge. Rule-based systems
were used previously to support for monitoring[10] and di-
agnosis [11].

B. Data Requirements

By adopting the TTM model [4], we built a complete model
that can be adaptive to a participant’s personal values and
condition. As shown in Figure 2, the flow of the coaching
system can be defined as follows. As the participant’s in-
put questionnaire answers or pre-participation information is
given, the system first retrieves all information and determine
the appropriate class of participant’s risk and stages of change.



When additional information is acquired from participant’s
answers, different strategies may be executed under each
answer depending on the identified barrier or values that
were identified. If the selected strategy succeeds, the current
coaching strategy session is considered as completed.

C. System Architecture

The system architecture, as depicted in Figure 2, is currently
being developed using layered architecture framework. The
modules are being designed to be scalable, flexible, and main-
tainable to be extended with new contents that can be included
in the coaching program or easily adapted to other health
promotion program where behaviour change strategies could
benefit the coaching sessions. The data collection management
module was the first module, which has been developed,
as it is responsible to collect and analyse the input data,
and for producing the content of the coaching sessions. The
other modules that specialize in physical activity coaching and
recommendation are currently in a development phase.

IV. USER INTERACTIONS

A. Monitoring of Sedentary Behaviour and Physical Activity
Progress

Participants will use the self-monitoring device and mobile
application to help measuring their activity. Installation in-
struction and support were provided by coach. During the day,
the mobile application will help users to log their activities,
and at the end of each day, participants will use the smart
phone interface to review and confirm their logged activities.
Our system then downloads the data aggregated participant’s
data, computes statistics such as hours of performed exercise,
hours slept and sends daily feedback based on these details
to each user. We then compute correlation analysis to deter-
mine which relevant suggestion to send to each user from a
collection of messages provided by the PA coach. Finally, the
system will adapt the status of the participant profile based on
the monitored activity progress.

Evidence from health promotion studies shows that seden-
tary behaviour or physical inactivity is associated with
degradation in cardiorespiratory function, musculoskeletal,
metabolic and mental health, body composition and physical
functioning [12]. Therefore, monitoring activity is a key as-
pect of the system to assist PA coaches to reflect upon the
strategies undertaken during the program. (e.g., the benefits
of monitoring their own physical activity levels and using
this information to set goals) and identify strategies that
they believe best contribute to increase their client’s physical
activity participation and identify any engagement in increased
activity to be an indicator of a higher stage of change.

B. Personalising Actionable Messages for Supporting Be-
haviour Change Strategies

Substantial number of research demonstrates that text mes-
saging interventions have positive effects in on health out-
comes and behaviours [13]. Therefore, our system can auto-
matically or manually compose text message at any time and

Fig. 2. The proposed system architecture design

any place to encourage PA. The system is built to support
the classification, storing, and delivery of behaviour Change
Theory-based Messages for both individual and group. The
PA coach can use the system to create stage-matched message
based on current participant’s stage of change and store the
messages in a meaningful way, using the classification, and
tagging tools that are implemented in the system for easy
and fast retrieval. Messages can be sent according to the time
specified. The system also supports receiving message from
the participants as a response to the message that was delivered
to enable effective and interactive communication between PA
coach and participants.

Fig. 3. Message management interface

As a next step, we translated the user needs into functional



and operational requirements, taking into consideration avail-
able guideline for PA promotion, different behaviour change
theories and strategies that are appropriate for motivating
people with Brain Impairment. Content analysis of existing
documents is also used as an unobtrusive method for perform-
ing data collection. Emails, baseline assessment questionnaire
answers, participant’s case notes were initially reviewed in this
study to provide information related to the design of the rule-
based system.

V. CONCLUSION AND FUTURE WORK

This paper proposes an e-coaching system by which to
encourage physical activity for people with specific activity
limitation and barrier. Integration of rule-based reasoning and
machine learning techniques in this framework would comple-
ment the theoretical basis that adopted by the framework. For
future work, the system will be able to improve the accuracy
of the prediction and tailor the generated recommendations
accordingly, for example using the participant’s physiological
parameters (e.g. heart rate) that is monitored in real-time while
she/he performs exercises. Moreover, the data will be triangu-
lated with clinical data, observations, and recommendations,
the proposed system can then further improve the quality of the
recommendations, based on coach?s feedback and diagnosis.
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