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Abstract: Long outpatient waiting times pose a significant global challenge in healthcare, impacting
children and families with implications for health outcomes. This paper presents the eHealth
system called eADVICE (electronic Advice and Diagnosis Via the Internet following Computerised
Evaluation) that is designed to address waiting list challenges for paediatricians. Initially designed
for children’s incontinence, the system’s success in terms of health goals and user experience led to its
adaptation for paediatric sleep problems. This paper focuses on user experiences and the development
of a working alliance with the virtual doctor, alongside health outcomes based on a randomised
controlled trial (N = 239) for incontinence. When reengineering eADVICE to sleep disorders, the
promising results regarding the reciprocal relationship between user experience and building a
working alliance encouraged a focus on the further development of the embodied conversational
agent (ECA) component. This involved tailoring the ECA discussion to patient cognition (i.e., beliefs
and goals) to further improve engagement and outcomes. The proposed eADVICE framework
facilitates adaptation across paediatric conditions, offering a scalable model to enhance access and
self-efficacy during care delays.

Keywords: eADVICE framework; embodied conversational agent; interactive website; paediatric
incontinence; sleep disorders; waitlists

1. Introduction

Long waiting times for outpatient clinics (attended by patients who are not hospitalised
but are being managed through hospitals) are a problem affecting healthcare systems
across the globe, including in Organization for Economic Co-operation and Development
(OECD) countries [1]. The waiting time for paediatricians plays a critical role in the overall
healthcare experience of children and their families and has substantial implications for
health outcomes. The experience of waiting for a paediatrician’s appointment extends
beyond a mere inconvenience; it holds the potential to shape immediate and long-term
consequences, impacting patient satisfaction, healthcare access, reduced costs including
preventing deterioration in the condition which is more costly to treat, treatment adherence,
and ultimately, the overall health and well-being of young patients [2].

While the challenge of extended outpatient waiting times has long captured the atten-
tion of healthcare policymakers, the efficacy of suggested solutions, such as the provision
of allied health services during wait times or increasing general practitioner (GP) hours,

Electronics 2024, 13, 2785. https://doi.org/10.3390/electronics13142785 https://www.mdpi.com/journal/electronics

https://doi.org/10.3390/electronics13142785
https://doi.org/10.3390/electronics13142785
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/electronics
https://www.mdpi.com
https://orcid.org/0000-0002-7363-1511
https://orcid.org/0000-0001-6168-9719
https://orcid.org/0000-0001-8699-2175
https://doi.org/10.3390/electronics13142785
https://www.mdpi.com/journal/electronics
https://www.mdpi.com/article/10.3390/electronics13142785?type=check_update&version=1


Electronics 2024, 13, 2785 2 of 20

remains notably conditional on specific target groups and geographical areas, often un-
intentionally excluding those from low socioeconomic backgrounds [3,4]. Alternatively,
eHealth-delivered treatments emerge as promising, user-friendly, and cost-effective alter-
natives, poised to offer an approach to address the consequences of long waiting lists [2,5].

Going beyond merely an outpatient portal, eADVICE (electronic Advice and Diagnosis
Via the Internet following Computerised Evaluation) allows patients waiting to see a spe-
cialist to gain online access to assessment, diagnosis and tailored treatment advice. Patients
remain under the care of their GP, who can also receive treatment recommendations and
information sheets for their patients [6]. Essentially, eADVICE provides a communication
channel between child, parents, referring doctor and specialists facilitated by an embodied
conversational agent (ECA) which they can interact with to guide them in following their
recommended treatment.

Adherence to treatment advice is a key factor for successful healthcare outcomes;
however, a notable proportion of patients, reaching 50%, fail to adhere to their prescribed
treatment plans [7]. Despite the potential benefits of eHealth-delivered treatments in
addressing the adherence problem [8–10], the potential of these portals are still not well un-
derstood and further investigation is needed to confirm their value in improving treatment
adherence and health outcomes [7]. In the case of eHealth-delivered treatments, adherence
is complicated by the need to follow the technology as well as the health recommendations
like traditional face-to-face treatment modalities [11]. It underscores the critical importance
of bridging the gap between technological solutions and ensuring patients’ commitment to
their health and well-being.

Typically, pre-specialist treatment information, such as articles on the Internet, tends
to be generic and there is a lack of discussion. In contrast, eADVICE is unique in delivering
personalised treatment advice before seeing the specialist. Nevertheless, it is important
to note that adherence to treatment advice from a program may hold less authority than
advice given by a human specialist who had seen the patient first, and therefore adherence
may especially be a problem here.

The eADVICE framework specifically targets the adherence issue by allowing patients
to discuss their treatment with the ECA and hence develop a working alliance with the
ECA. Developing a working alliance with a doctor is the biggest predictor of treatment
adherence [12]. The portal offers the possibility of documenting some of the treatment
adherence interactions, thus providing additional feedback (similar to CPAP machines doc-
umenting usage at home). Based on evidence from a pilot study with 79 paediatric patients
showing that eADVICE improved health outcomes for patients on the waiting list [6], we
received funding to conduct a randomised controlled trial (RCT) with 239 patients and also
redevelop eADVICE for a different chronic health condition. In the project, our aim was
to test eADVICE in both the original chronic condition of paediatric incontinence and to
expand it to paediatric sleep disorders, because clinics for these conditions typically have
waiting times of over 12 months.

Due to the profound link between working alliance and adherence [13], in this paper
and as part of our review of the RCT of the eADVICE system for incontinence in children,
we analyse the users’ experience and their development of a working alliance with the
ECA. In seeking to further improve the user-ECA working alliance, we enhance and
articulate the ECA’s conversations into dialogue patterns in the context of reengineering the
original eADVICE system to a novel health condition, sleep disorders in children. As part
of the adaptation activity, we uncover insights into the fundamental processes involved
in extending its utility to address waiting list challenges across various health contexts.
However, we are not limiting our examination and contributions to these two paediatric
conditions; rather, we pose a broader question:

How can we create a scalable framework for the reengineering of eADVICE to address the
long waiting issue in other chronic health conditions in children?

Drawing on our experience in designing and implementing the two eADVICE pro-
grams, we offer in this paper our lessons learned and the eADVICE framework which



Electronics 2024, 13, 2785 3 of 20

supports the development and implementation of eADVICE to provide a sustainable model
of outpatient care for other chronic conditions.

2. Related Literature

This literature review aims to explore critical issues in healthcare, focusing on access,
adherence to treatment advice, and the role of technology, specifically empathic ECAs,
in enhancing healthcare delivery. It, first, discusses the pervasive challenge of extended
waiting times in public healthcare systems and their impact on patient outcomes and
treatment adherence. The review then discusses how factors such as the quality of patient-
healthcare provider communication, which are crucial for adherence, are also influenced by
the systemic challenges of access and waiting times. Following this, the review discusses the
emerging field of ECAs, particularly their application in healthcare for adults and children,
showcasing their potential to improve adherence and health outcomes. Finally, the review
considers the concept of a working alliance between patients and healthcare providers,
both human and ECA, and its significance in fostering better treatment adherence and
overall healthcare effectiveness. The interconnections between these topics underline the
comprehensive approach needed to address the multifaceted challenges in healthcare.

2.1. Access and Adherence to Healthcare Advice

Extended waiting times for non-emergency treatment are a widespread challenge
within healthcare systems burdened by capacity constraints, where demand often outstrips
available resources [14]. In public healthcare settings, this problem disproportionately
impacts patients who cannot afford private care, placing them on lengthy waitlists for
specialist intervention. These delays pose a significant concern, raising questions about
the potential negative consequences for health outcomes and the compromised benefits of
timely treatment [1,15].

In the Australian context, where direct free access to specialist care is typically unavail-
able for patients except in acute situations through the emergency department, outpatient
clinics play a critical role in providing public access to diagnosis and treatment of chronic
health problems and post-inpatient care. However, the rising pressures on healthcare
systems driven by factors such as population growth, longer lifespans, and the prevalence
of chronic illnesses create a complex dilemma regarding the adequacy of healthcare funding
and the efficiency of service delivery [16,17].

Although the precise relationship between waiting times and enduring patient out-
comes remains a topic of ongoing research, a prevailing consensus acknowledges the
adverse influence of extended waiting periods on patients’ physical and emotional well-
being [18,19]. This underscores the imperative requirement for the identification and
execution of innovative strategies aimed at enhancing the efficiency and accessibility of
publicly funded healthcare systems. In this context, the pursuit of solutions becomes vital to
ensure timely and high-quality healthcare delivery, aligning with the needs of an evolving
healthcare landscape [20].

Further complicating the issue is the challenge of treatment adherence, even when
medical advice is available. Studies across various conditions and delivery methods
(human or technology-mediated) show that average adherence hovers around 50% [21,22].
This highlights the dual challenge of not only providing timely treatment advice but
also fostering patient engagement and active adherence to the recommended treatment
advice. There are many factors that influence treatment adherence [23], such as cost,
frequency of use, ease of following the treatment and the quality of patient-healthcare
provider communication and, when delivered by technology, usability, eHealth literacy
and technology acceptance [24,25]. Research suggests that face-to-face interaction with
healthcare professionals, particularly when a strong working alliance is established, can
significantly improve adherence [26].
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2.2. Conversational Agents, Health and Children

To address the intertwined issues of access, waiting times, and treatment adherence,
empathic ECAs have emerged as a promising solution. Empathic ECAs have been found to
deliver healthcare support deemed as less judgmental than a human [27,28] and, for certain
health conditions, achieve higher levels of adherence than a human provider, though further
research is needed [25,29]. For instance, Bickmore and colleagues [30] demonstrated the
successful development of a companion ECA, called “Hospital Buddy”, which interacted
over one to three days with eight patients aged 33–55. The study showed development of a
good working alliance (4.4 to 6 on a 7-point Likert scale) between the “Hospital Buddy”
and patient. With ageing populations and an increasing focus on ambient monitoring,
applications like Virtual caregiver [31] and work by Tsiourti, Moussa [32] indicate that
utilising ECAs alongside other technologies, such as serious game and virtual reality
technology for occupational therapy exercise [33], are likely to become more prevalent in
healthcare. ECAs acting as mentors and coaches, mostly for adults, have also been used for
health education and behaviour change (e.g., [34]).

Despite the obvious potential of engaging game-based and VR technology involving
the use of avatars to improve adherence in children [35], the use of empathic ECAs in
paediatric healthcare remains largely unexplored. Existing preliminary studies, such as
the ECA used to assist children with autism in developing social skills [36] and “Pain
Buddy” [37], aimed at enhancing pain management in children with cancer, showcase the
promising potential of this approach in paediatric settings.

We do, however, see the use of text-based, but not embodied, conversational agents in
a range of applications relating to children. A review of the last decade of HCI work with
children using voice-based conversational agents [38] identified a focus on anthropomor-
phising conversational agents for learning, play and storytelling, often in home and family
contexts and for children with differing abilities.

Specifically concerning health, we see a range of different uses of text-based conver-
sational agents (chatbots) for children and adolescents. Text-based conversational agents
have been used for diagnosis, such as the Teenchat conversational agent by Huang, Li [39]
that was used to listen to adolescents’ conversations for the diagnosis of stress. The agent
was found to have a diagnosis precision rate of 78.34%. The study by Mujeeb, Javed [40]
used the Aquabot conversational agent to predict Achluophobia—the fear of darkness and
autism disorder—and achieved a precision rate over 87% for diagnosing autism in three
patient groups, each with 10 patients aged between 1–7.

Health education, with the goal of behaviour change, also makes use of conversational
agents. The chatbot created by Crutzen, Peters [41] enabled adolescents to ask questions
about sex, drugs and alcohol. The study with 929 adolescents reported an average of
11 conversations per participant, with an average duration of 3:57 min. The chatbot was
rated highly by participants, particularly compared with the use of search engines or other
information sources.

Conversational agents for behaviour change in overweight adolescents have been
evaluated in multiple studies. In a study with 22 adolescents, Heldt, Büchter [42] found
that 67% of patients had more than four daily interactions with the study’s conversational
agent over a period of 5.5 months, showing high compliance. In the study, 43% of adoles-
cent participants successfully completed prescribed daily challenges. Similar results were
achieved with 20 adolescents in a study involving conversational agents by l’Allemand,
Shih [43]. Another study by Stasinaki, Brogle [44] with 21 obese adolescents found signifi-
cant improvement in five out of eight physical performance tests for the treatment group
compared with only two of the eight tests for the control group. In yet another study
with 15 overweight children, Kowatsch, Nißen [45] found that a socio-emotional bond was
developed with the agent by the end of the study, with nearly 70% of patients having at
least 4 daily conversational turns and 13 reporting enjoying their chats.

Conversational agents have also been used for management of chronic conditions in
children and adolescents. Rhee, Allen [46] conducted a study with 15 adolescent-patient
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dyads for the self-management of asthma. They found a high response rate (81–97%) to
daily text messages from the chatbot, with a higher response in the morning compared with
bedtime, and an average of 19 self-initiated messages per adolescent sent to the chatbot
mostly discussing symptoms. As well as developing a sense of partnership between
the adolescent and parent, the chatbot increased the understanding of symptoms and
triggers, sense of control and adherence. Kowatsch, Schachner [47] evaluated the MAX
conversational agent, which was developed for 10–15-year-olds with asthma and designed
to support the child–parent team as well as the healthcare professional. The study found
that MAX acted as a mediating role between all parties towards improving the patients’
health outcomes. A study involving children aged 7–14 with Type 1 diabetes who used a
conversational agent for 6 months demonstrated an increase in self-care scores, but there
was no effect on quality of life related to diabetes [48].

A recent meta-analysis of conversational agents [49] for chronic health conditions
found that users were becoming comfortable with their use but that evidence of their
efficacy for chronic health conditions was lacking due to an insufficient description of their
technical details. By clarifying the components of eADVICE in this article and our lessons
learned in modifying the eADVICE-Continence for the condition of sleep, we seek to make
our approach transparent for adaptation to other conditions.

2.3. Working Alliance to Address Adherence

A key mechanism through which ECAs can improve adherence is through building
a strong working alliance. In eADVICE, the goal of the ECA is to improve adherence to
the treatment advice. As the main predictor of treatment adherence [12], our conversa-
tions were designed (Section 3.2) and redesigned (Section 4.2) to build a working alliance:
the positive collaborative relationship between the therapist and the patient. Mathieu,
Heffner [50] describe a working alliance as the patient’s motivation to agree to follow the
advice recommended by the therapist. The working alliance has also been called a thera-
peutic alliance, alliance, therapeutic relationship, or ‘helping alliance’ [51], with varying
measures depending on the specific conceptualisation. The literature on psychotherapy,
pharmacotherapy and placebo-therapy reports that a good working alliance is critical to
deliver a good treatment outcome [52–54].

Bordin [55] is attributed with coining the term working alliance, which comprises three
elements. Firstly, there is the mutually agreed goal of the patient and therapist. Towards
achieving this goal, we have the tasks which are the behaviours the patient needs to
perform. We may also consider these tasks to be plans of the patient’s intended behaviours.
Additionally, there is a bond, which is a sense of caring and trust, where the patient believes
the therapist is acting benevolently and in their best interest. To achieve shared goals and
plans, the two parties work together using positive communication and developing a sense
of involvement leading to adherence [56]. Furthermore, there needs to be communication
of the planning of the patient’s intention to do the task/s required by the treatment [57].

Drawing on the belief–desires–intention computer-based agent theory of Bratman [58],
a plan does not require knowledge of the actions to be performed but intention to take the
actions and replan when needed. This view is very compatible with behaviour change (e.g.,
adherence), which requires commitment and also a revision of goals and trying different
approaches when the original plan was not followed or found to be useful. Grosz and
Kraus [59] notion of SharedPlans further extends this idea, emphasising the importance of
collaborative planning and adaptability within therapeutic relationships. This perspective
is particularly relevant for creating effective human–agent interactions, where the ECA
must understand and adapt to the patient’s needs and responses.

Conversational agents, particularly their dialogue, play an integral role in achieving
human–agent mutual understanding and shared planning [60], which can lead to the
development of a working alliance [61]. This has been demonstrated in a number of tools
such as Collagen [62] and Dtask [63], where a dialogue engine was used to promote a
working alliance and health-related behavioural change.
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While most studies into the effect of a working alliance have concerned adults, a
growing number of studies have investigated its relationship with psychotherapy out-
comes in children and adolescents [64,65]. For example, a study by Lindqvist, Mechler [66]
involving 272 participants aged 15–19 years diagnosed with depression found an interplay
between working alliance and emotion regulation in the context of internet text-based
treatments. Also, concerning internet-based treatments for depressed adolescents, Mor-
timer, Somerville [67] found that a strong working alliance developed togetherness, agency
and hope. All of these studies and reviews concern working alliances in the context of
adolescents and their mental health, unlike our work which involves a working alliance to
improve outcomes in the context of chronic conditions.

The human–machine working alliance has been identified as conceptually different
from the human–human alliance [68]. In a study involving users (N = 20) of mental health
apps, Tong, Lederman [68] found that both digital and human working alliances have
similarities; however, there were differences in terms of flexibility and emotional experience.
Also of note, they found it was not essential to have a human–machine shared goal in the
case of a digital working alliance.

In summary, whilst the challenges of extended waiting times and low adherence pose
significant obstacles in healthcare, innovative technology solutions like empathic ECAs
that have the potential to build a working alliance offer promising avenues for improving
patient outcomes and ensuring equitable access to quality care. The predominant use of
voice or text-based only conversational agents with children raises questions for us because
they do not provide a face-to-face conversation found to be important for adherence [11,26]
and do not provide a visual game-like form of interaction that should be more engaging
for children. We assume that voice or chatbot style agents have been used because users
may be more familiar with them, and they were easier to implement and study. From our
own experience, we recognise the added technical difficulties experienced by parents when
needing to access our ECAs. Further research and development in this area are crucial to
fully realise the potential of ECAs in transforming paediatric healthcare and enhancing the
efficiency and effectiveness of healthcare systems overall.

3. Tale 1—eADVICE for Incontinence
3.1. Problem Domain

While extended waiting times and adherence challenges present significant hur-
dles across public healthcare, urinary incontinence in children poses a unique and often
under-addressed problem domain. Affecting approximately 10% of school aged children
(5–15 years), incontinence can dramatically impact their physical and emotional well-being,
social participation, and academic performance [69,70].

Current challenges in paediatric incontinence management further intensify these
consequences. Long wait times for specialist appointments at tertiary children’s hospitals
can worsen the emotional and physical consequences for children and their families, leaving
them navigating the problem for extended periods with limited support [71]. Limited access
to specialised therapists contribute to inconsistent care and suboptimal outcomes, hindering
effective management of the condition [72]. Finally, children may struggle with adhering
to complex treatment plans, particularly those involving behavioural modifications or
medication regimens, further complicating long-term success [73].

Emerging technologies including empathic ECAs offer a promising avenue for address-
ing these challenges in paediatric incontinence management. By providing personalised
support, education, and behaviour change reinforcement, ECAs can potentially bridge
the gap between diagnosis and treatment, enhance treatment adherence, and empower
children and families to cope with the problem more effectively.
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3.2. eADVICE System

eADVICE conceptually comprises three main components: (1) an interactive website
containing a set of (triaging) questions to capture data about the child including their
health status, particularly focusing on the medical history and current state of health for the
specific health condition; (2) algorithms that use the inputs from the website to determine
the appropriate treatment/s and (3) an interactive conversation with an ECA to encourage
the development of a working alliance (see Dr. Evie (eVirtual agent for Incontinence and
Enuresis) in Figure 1) for each specific treatment. A database stores the history of each
session including health status, treatment/s recommended and interactions with the virtual
character. Further consideration of the conceptual design of the eADVICE can be found
in [74]. These three components must be created for each specific health condition.
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Figure 1. Dr Evie (eVirtual agent for Incontinence and Enuresis).

As previously described in Richards and Caldwell [6], GPs could invite their patients
to use eADVICE whilst on the specialist waiting list. After giving consent, families could
answer 15 questions covering the child’s age and weight, fluid intake, incontinence fre-
quency and severity, and bladder and bowel habits. If the child was interacting with the
system, they could use the children’s version of the questions which also included a related
colourful graphic. The child’s data are used to determine the recommended treatment. The
system also monitors the child’s condition through recording of each visit in a MySQL
database. If eADVICE recommends medication or is unable to provide a recommendation,
the family are asked to speak with their GP.

Based on the patient data, eADVICE recommends one or more treatments out of the
six available treatments: Caffeine Advice; Fluid Advice; Bowel Program; Timed Voiding;
Enuresis Alarm Training and Medication Discussion. The recommended treatments can be
accessed by the patient as well as their GP, in case GP support is needed. Dr. Evie delivers
these treatment plans to patients and parents/carers in a conversational style following the
dialogue flow presented in Figure 2a. Dr. Evie starts the conversation by greeting the user
and reminding them of the goal of the current treatment before delivering the treatment
plan and then closing the conversation. Each treatment advice has a specific fixed dialogue
which is the same dialogue for all users, but the actual conversation will vary based on
options chosen that are delivered to all the patients needing that specific treatment. The
dialogues of the six treatments were designed and reviewed by incontinence specialists to
deliver evidence-based behavioural advice typically offered in face-to-face consultations,
ensuring age-appropriateness, clarity, and motivational language.

For a period of up to six months (according to the RCT design), every two weeks the
family may seek another assessment. Families are expected to implement the treatment
during the two-week period and are able to discuss the treatment with Dr Evie as often as
they wish in the intervening period.
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3.3. The Outcome of eADVICE—Incontinence RCT

Participation in the RCT was open to children aged 5 to 18 years who had been
referred by their doctor to the Continence Services at three tertiary children’s hospitals
in NSW, Australia (The Children’s Hospital at Westmead, Sydney Children’s Hospital or
John Hunter Children’s Hospital). In addition, GPs from the Western Sydney Primary
Health Network who accessed Urinary Incontinence in the Children HealthPathways
Program (a web-based information portal designed to support primary care clinicians
in their workplace) were able to directly refer their patients using the HealthPathways’
referral form. Children who had daytime incontinence (at least twice per week) or enuresis
(at least three times per week) were eligible and children with an organic cause for urinary
incontinence, including defects of the central nervous system (i.e., global developmental
delay) or major urological abnormalities were ineligible for the study. Families needed to
have internet access to be eligible. Only one child per family was allowed to participate to
minimise contamination.

As illustrated in Figure 3, the participants were randomly assigned to either the
intervention group, where participants were granted immediate access to eADVICE for
6 months upon consenting to participate, or the wait list control group, where families were
placed on a waiting list for six months before gaining access to eADVICE. The evaluation
of eADVICE was undertaken 6 months after using eADVICE for both groups.

We compared the experiences of participants in the two study groups at 6 and
12 months, using patient reported experience measures (PREMS), usability and the user
experience of the eADVICE-Continence program through a survey. For user experience
evaluation, we measured the extent of the working alliance with the program using the
short version of the Working Alliance Inventory (WAI-SR). The 12-item WAI-SR comprises
three components each with 4 items: goal (agreement on goals), task (agreement on tasks
to achieve the shared goals) and bond (sense of trust and caring).

3.3.1. Participants

A total of 239 participants were recruited and randomly assigned to either the interven-
tion or control arms of the treatment trial. The intervention arm comprised 120 participants
with a mean age of 8.8 (SD = 2.3) and 60.8% were male. In the control arm, there were
119 participants, with a mean age = 8.8 (SD = 2.1) and 63% were male. There was no
significant difference in terms of health literacy score between the two groups, with both
averaging 3.77 (SD = 0.64). However, only 34 participants from the control arm and
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50 from the intervention arm completed the post-trial surveys including user experience
and working alliance surveys.
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3.3.2. Health Outcome Evaluation

At 6 months post-baseline, a comparative study between the two groups showed
that eADVICE had notable efficacy. The intervention group, who had access to eADVICE,
achieved higher daytime continence (75.0% dryness) and nighttime continence (23.9%
dryness) compared to the control group (61.2% and 12.2%, respectively). Further anal-
ysis revealed an overall greater reduction in incontinence frequency and severity in the
intervention group relative to the control group (who do not have access to eADVICE
at this point). When the control group was given access to eADVICE from 6–12 months,
they exhibited improvements at 12 months and increased dryness. Readers can find more
details on the health outcome in [75] and the economic analysis from the perspective of the
healthcare funder.

Despite significant clinical improvements in all domains measured (e.g., daytime
wetting, nighttime wetting, reduced frequency and severity of wetting and better quality
of life), many patients still wanted to see the doctor (78% in the intervention group and
84% in the control group (p = 0.3)).

3.3.3. Working Alliance and User Experience Evaluation

The working alliance questionnaire demonstrated high internal consistency (Cron-
bach’s α = 0.95). For testing the between-groups differences, we utilised Bayesian analysis
with t-distribution as a prior distribution. As shown in Table 1, we report the mean differ-
ence and the 95% credible intervals (CIs), which if it includes zero, the difference is likely
not statistically significant. Hence, the three dimensions of the working alliance showed
no significant differences between the intervention and control groups when the control
groups eventually had access to eADVICE. This indicates a similar working alliance devel-
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oped in both groups with Dr. Evie at both timepoints. This alignment with expectations is
attributed to the fact that, at the time of measurement, both groups had been engaged with
eADVICE for a duration of 6 months. Therefore, data from the two arms were combined
for the overall analysis reported hereafter. The working alliance means of the combined
data are reported in the last column in Table 1.

Table 1. Working alliance statistics.

Control Group
(N = 34)

Intervention Group
(N = 50) µ1 (sd)

µ1–µ2 [95% CI]
µ2 (sd)

Means for Combined
Data (N = 83)

Task 2.36 (1.13) 2.19 (0.90) 0.13 [−0.36, 0.61]
Goal 3.04 (1.27) 2.60 (1.13) 0.44 [−0.13, 1.0]
Bond 3.12 (1.23) 2.76 (1.13) 0.37 [−0.20, 0.93]

Working alliance 2.81 (1.09) 2.50 (0.94) 0.31 [−0.18, 0.80]

The user experience questionnaire comprised 13 items detailed in Table 2: 9 items were
assessed on 4-point scales, while 4 items were evaluated on 5-point scales, indicated by an
asterisk (*) in Table 2. In examining participants’ scores on these scales, we determined
the number who scored low and high (selected the low or high two scores on the Likert
scale), along with the average for each item (refer to Table 2). For 5-point scales, we
excluded those who scored neutral from either the high or low groups, considering only
those who expressed clear preferences. Additionally, to explore the correlation between
user experience and the user–agent working alliance, we calculated Spearman correlations
between the user experience items and working alliance, as detailed in Table 2. It is essential
to note that the correlation analysis involved the entire participant set (n = 80).

Table 2. User experience statistics ordered by the correlation of the item and the working alliance.
The correlation was computed using N = 80.

Item
Low on the Scale High on the Scale Correlation (r) of the

Item with Working
Alliance [95% CI]n1 µ1 σ1 n2 µ2 σ2

I felt confident using the eADVICE program 19 1.70 0.57 61 2.90 0.92 0.56 [0.40–0.71]
I think that I would continue to use the eADVICE
program to manage my child’s wetting 43 2.20 0.93 37 3.00 0.86 0.53 [0.36–0.70]

How supported did you feel in managing your child’s
wetting problem by the eADVICE program? * 18 2.00 1.00 36 3.20 0.81 0.48 [0.29–0.64]

I thought that eADVICE was easy to use 13 1.77 0.95 67 2.80 0.82 0.46 [0.27–0.64]
I found that the various functions on eADVICE were
well-arranged 16 1.90 0.78 64 2.80 0.97 0.39 [0.19–0.59]

How did you find the quality of the communication
with the eADVICE program? * 11 2.20 1.20 51 2.90 0.95 0.36 [0.15–0.55]

It was easy to read the screen 6 1.90 0.71 74 2.70 0.99 0.33 [0.13–0.53]
eADVICE is designed for all levels of users 14 2.00 0.62 66 2.80 1.00 0.32 [0.08–0.53]
How did you find access to the eADVICE program? * 8 2.20 1.30 51 2.80 0.99 0.30 [0.084–0.49]
I was able to easily download and save the
information regarding the treatment plan 16 2.40 1.10 64 2.70 0.98 0.23 [0.01–0.44]

The pop down explaining questions in my child’s
terms was useful 8 2.10 1.30 72 2.70 0.95 0.16 [−0.08–0.40]

The information was well organised 9 1.50 0.62 71 2.70 0.94 0.11 [−0.13–0.34]
How did you feel about the time you spent waiting to
access the online eADVICE program? * 18 2.70 1.20 35 2.70 0.86 0.03 [−0.19–0.26]

* The item was measured on 5-point scale with the middle point being neutral. Those who scored neutral were
not included in the low or high on the scale statistics.
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3.3.4. Discussion

The results provide substantial evidence supporting the potential utilisation of the
eADVICE system and ECA to address challenges related to extended waiting lists and
alleviate the burden on the health system as well as patients and their families. The system
provides timely health advice and effectively engages individuals, encouraging them to
adopt beneficial changes in their routines to address their health issues. Notably, the results
indicate that following 6 months usage of eADVICE, there were significant improvements
in participants’ health outcomes. Interestingly, although the patients were statistically
significantly better and drier, it did not significantly affect their desire to see the specialist,
which suggests that people want human to human interaction despite the child’s condition
being significantly better or gone.

Focusing on the paper’s central theme, user experience, as outlined in Table 1, a note-
worthy observation is the lack of substantial evidence, with the 95% confidence regarding
a difference in working alliance between the treatment and control arms after six months
of system usage. As no significant difference in working alliance is observed, the findings
suggest that immediate or delayed access has no influence on the development of the
working alliance and that the system is a potential solution to be provided at any timepoint
for those who are on the waiting list. However, this conclusion is limited to developing a
working alliance and not health outcomes as the previous results indicated that immediate
access could gain better outcomes.

Table 2 provides insights into the dynamic interaction between working alliance and
user experience. It is apparent that the working alliance and user experience reciprocally
influence each other. Significant correlations, as emphasised by Cohen et al. [76], indicate
that a robust working alliance substantially boosts user confidence and the intent to use the
system in the future (r > 0.5). Additionally, moderate correlations (0.3 < r < 0.5) suggest
that user support and communication quality are also impacted by the therapeutic bond.
Notably, factors within the system’s design seem to impact the working alliance itself,
as demonstrated by the moderate correlation between ease of use, readability, and the
functions arrangement. These findings highlight the potential for optimising eADVICE’s
design to further enhance user experience and engagement, ultimately leading to improved
health outcomes.

4. Tale 2—eADVICE for Sleep
4.1. Problem Domain

In this tale, we targeted another common area with long wait lists related to sleep
disorders in children, taking into consideration the profound impact of sleep on their overall
well-being. The peaceful sleep children enjoy is not just a time for rest, but a powerful force
that helps them develop in healthy ways. Yet, sleep problems affect many children around
the world, with estimates exceeding 30% [77,78].

The impact of sleep problems in children is not limited to the bedroom. These issues
can cast a long shadow on their physical health, mental clarity, and emotional stability, and
the challenge of accessing specialised care for these invisible struggles further amplifies the
impact [79]. Obtaining the right help for children with sleep problems is often far from easy.
Long waiting lists, sometimes lasting months or even years, add another layer of stress for
families already dealing with the many challenges caused by sleep issues [80]. This lack
of access makes it harder to address the underlying health and developmental problems,
trapping children in a cycle of sleep deprivation and its negative consequences.

Research efforts focused on developing effective non-pharmacological interventions
such as technology-based solutions to address the long waiting for specialist appointments
hold promise for providing accessible and evidence-based options for families [81]. Specif-
ically designed sleep apps for children provide educational resources and behavioural
advice such as relaxation exercises, guided meditations, and bedtime stories, with gam-
ification elements enhancing the patients’ engagement [82–84]. While challenges like
long-term efficacy, cost-effectiveness, accessibility, and parental engagement exist, those
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technology-based solutions show significant potential to enhance sleep hygiene and overall
well-being in children. Therefore, to minimise the long-term impact of sleep problems on
children and families, early identification and intervention is key. The reengineering of
eADVICE-Continence to eADVICE-Sleep targets behavioural changes to promote healthy
sleep habits.

4.2. eADVICE-Sleep and SAM

With the promising findings from eADVICE for incontinence, to target the sleep
problem in children we developed the three components of the eADVICE-Sleep system:
website, algorithms and treatment conversations (see Section 3.2). Overall, eADVICE-
Continence and eADVICE-Sleep use the same pattern to ask questions and calculate
treatments. Of course, the eADVICE-Sleep website includes questions more specific to
the child’s sleep behaviour rather than continence. Additionally, questions in eADVICE-
Sleep were age-specific and required three different sets of questions to be created for
different age groups: infant, child, and teen. This in turn has a knock-on effect to the
code changes required to the internal files, where a child’s age is first acquired, then
the relevant age-group questions, answers and treatment calculations are used. Another
main difference is the nature and method of capture of the supplementary information,
with eADVICE-Continence using the Time–Volume Chart and eADVICE-Sleep using a
Sleep Diary.

The sleep-specific algorithms use the data to identify the appropriate treatment. Pae-
diatric sleep specialists identified six treatments that target the most common behavioural
problems: sleep diary, sleep hygiene, settling routines, snoring, night terrors and caffeine
consumption. Users follow the same established process of eADVICE outlined above in
Section 3.2 to receive their treatments with adjustments tailored to the context of sleep prob-
lems. As well as sleep-specific conversations, one for each treatment, a new conversational
agent, Sleep Adherence Mentor (SAM), was created for this condition (Figure 4). While
the primary dialogue flow of each treatment follows the same flow as Dr. Evie (Figure 2a),
SAM tailors the delivery of the treatment plan to the user’s cognitive state, including beliefs
and/or goals (Figure 2b), motivated by our desire to further improve working alliance and
adherence and to improve health outcomes compared to the first implementation with
Dr. Evie.

SAM utilises the patients’ cognition including beliefs, desires (goals) and intentions
(BDI) to tailor the treatment plan of each user and to help patients to follow its advice by
providing a tailored explanation according to the available cognition elements.

The design of the treatment plan dialogue is inspired by the complex connection
between how we think, our beliefs and our goals, which in turn influences behaviour
change [85,86]. Theories, such as the Theory of Reasoned Action, suggest that our cognitive
state influences how we interpret information, subsequently determining the actions we
take [87]. People who find a connection between what they believe and/or what they want
to achieve are more likely to adopt strategies for behaviour change [88,89]. This close link
between thinking, belief, and goal setting highlights the importance of not just addressing
visible behaviour but also tackling the underlying cognitive and motivational aspects that
steer our actions.

As a result, SAM’s dialogue starts each initial conversation with a user by asking about
their beliefs (commonly perceived as barriers) and goals (commonly seen as motivators).
These beliefs and/or goals govern SAM’s dialogue and advice, ensuring the advice is
tailored to the user’s cognition. Moreover, to incorporate educational elements into the
conversation, users have the opportunity to ask SAM about the reasoning behind each piece
of advice. The explanation is designed to begin by referring to the previously elicited user
cognition (beliefs and/or goals) and explaining how the advice aligns with them before
providing additional information about why the user should follow the recommendation.
For example, SAM might explain why a teenager should limit their caffeine consumption:
“You find caffeine can boost your energy (user’s belief) but that is not the only way to boost your
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energy. There are healthier alternatives that contain less sugar or caffeine. I also recommend you eat
whole foods that are high in complex carbohydrates, healthy fats, and vitamin B. Add to this regular
exercise, lots of water and at least nine hours of sleep at night”.
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4.3. Preliminary Assessment of eADVICE—Sleep

As part of the development process, we received initial anecdotal feedback from
parents and children, as well as other health professionals at the hospital. Interestingly,
the specialists from the incontinence study commented on the superiority of the sleep
dialogues in terms of structure, content and comprehensiveness, such that Dr. Evie lacks
a clear connection between barriers (beliefs) and motivations (goals), and does not pro-
vide explanations which refer to the user’s beliefs and goals in order to provide relevant
education and guidance.

The analysis of the informal user feedback on the system reveals a predominantly pos-
itive user experience, commended for its clarity, ease of use, and effective communication
of information in manageable sections. For example, a healthcare professional praised the
system’s transparency with the explanation and use of understandable language. Interest-
ingly, a health care professional and father noted that his children perceived the system
as an educational tool rather than a medical one. Another healthcare professional shared
their child’s interest in the system, indicating potential for further content expansion to
address specific topics of interest. However, constructive feedback, including suggestions
for incorporating pictures and diagrams, highlights opportunities for improvement. Formal
evaluation has not been undertaken to date due to lack of funding. We are in the process of
addressing this.

5. Lessons Learned—eADVICE Development Process

Through having developed eADVICE-Continence and eADVICE-Sleep, we have
identified and validated an overall eADVICE framework and development process that
can be applied to other health conditions. Firstly, we note that in developing the three
main components of eADVICE (website, algorithms and treatment conversations, please
refer to Section 3.2), it involves extensive and iterative discussion and interaction with
specialists with expertise in the specific health condition, as well as patients and their
families. Aligning with the three components: (1) the website requires the identification
of the data that needs to be captured from the patient and their family; (2) algorithms
must be specified to capture the heuristics (rules) that the specialist uses which identifies
appropriate treatment/s based on the data collected by the website; and (3) conversations
designed to develop a working alliance for each treatment will need to be written to include
both the questions and statements made by the ECA as well as the set of response options
available to the patient considering their age group and preference that may affect the
language they prefer to be addressed with.
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The process to develop the questions, algorithms and conversations can follow both
a top-down and bottom-up approach. Both approaches will be needed to gather all of
the necessary information. In addition to guiding the selection of appropriate treatments,
these questions also serve as a health-risk assessment, identifying any potential concerns
that might require urgent attention from a healthcare professional. Following a top-down
approach involves identifying the common treatments prescribed to deal with the health
condition. This can be then used to identify what data are needed, the rule/s for recom-
mending that treatment and the information (educative aspect, typical questions asked and
explanations) and the issues (motivations, barriers, concerns) that the patient may want to
discuss with the ECA.

Following a bottom-up approach involves the elaboration of the lower-level elements
of these three components. For the website, the health team will need to elaborate on
the questions that are typically asked at face-to-face or telehealth consultations to gather
information from patients. These questions aim to diagnose health conditions and identify
which treatments are most suitable. Additional data such as the patient’s medical histories
or family medical histories and records of behavioural patterns (such as sleep diaries for
eADVICE-Sleep and time and volume charts for eADVICE-Continence) that cover a specific
period of time, such as one or two weeks, may also be essential for formulating the correct
treatment. Setting time frames for taking action such as data collection and following
treatments and receiving (new) treatments provides clarity and consistency in terms of
system interactions and also seeks to motivate the patient/family to engage regularly
with both the program and the treatments. For the algorithms, the specialist will need to
articulate the data and reasoning process they use to decide when a treatment is appropriate.
For the conversations, the health team, in consultation with patients and their families, will
need to consider what questions, concerns, clarifications, barriers, etc., may be raised by the
patient or parents/carer. A review of leaflets and fact sheets that are supplied to patients
and parents may help to identify some of this content. The literature can potentially identify
barriers to adherence to treatments that can be addressed in conversations. Of importance
in designing conversations is identifying and using language that is age-appropriate,
empathic, inclusive, warm and friendly while also being professional.

In contexts where the health team and/or the technical team are less experienced in
knowledge engineering or acquisition and less aware of the data, algorithms and conversa-
tions that exist in their domain, it is recommended that existing patient consultations be
recorded and analysed, with HREC approval. This will delay the implementation of the
system as analysis can be time intensive, but collecting the necessary data, obtaining the
treatment algorithms correct and writing conversations that increase adherence is essential
for the eADVICE approach to be successful. The analysis of the interviews can follow
a similar method described in Salman, Richards [90]. The piloting and validation of all
components and the complete system will be essential before it can be used on patients on
waiting lists.

Further support for the development of empathic conversations can be found in
Richards and Caldwell [91]. The consideration of design elements can be found in [23,92].

6. Limitations and Future Work

The key limitation of our proposed generalised framework is that we have not yet
run a study with eADVICE-Sleep. To address this issue, we recently obtained funding to
commence the evaluation of eADVICE-Sleep in the context of children with neurodisability.
This necessitates further work with specialists and stakeholders to adapt eADVICE-Sleep
to this specific cohort of children and their families. The lessons learned from adapting
from continence to sleep, as described in this paper, will be valuable for this new project,
and we anticipate this for other health conditions too.

Some limitations of eADVICE will be condition specific. For example, eADVICE-Sleep
cannot treat all sleep disorders such as obstructive sleep apnoea. In such cases, it becomes
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important for eADVICE to triage certain disorders and direct patients and their families to
gain earlier access to the clinic.

When compared with most trials reported in the literature involving children and
adolescents [93,94], our RCT, which recruited 239 paediatric patients and captured data
over an 18-month period with a 6-month waitlisted control, 6-month treatment and follow-
up 6 months later, can be considered a large paediatric study over an extended period.
Nevertheless, limitations concerning the RCT with eADVICE-Continence include study
numbers, the short six-month duration of the trial and limited power to detect significant
effects for sites with shorter waiting times. The complexity of conducting a trial in children
is a further limitation.

The use of handcrafted dialogues may be seen as both a strength and a limitation.
The dialogue templates presented were designed to support automation. Our state-based
dialogue engine allowed us to use parameters to adapt the ECA’s responses based on the
patient’s responses, particularly their beliefs and goals. However, it was not possible to
ensure that the templates would produce well-structured, grammatically correct sentences
and thus, for the sake of usability, comprehensibility and acceptability, it was necessary
to provide handcrafted wording. We anticipate that the advances in GenerativeAI will
provide an imminent solution to this issue. With the increasing use of GenerativeAI and
tools such as ChatGPT, we are seeing the deployment of chatbots in many areas, including
health. With this deployment are many concerns regarding the accuracy of the advice
being provided and also the resultant sharing of sensitive health data used by the Large
Language Model (LLM) to grow its knowledge and database. As a key goal of eADVICE is
to provide evidence-based treatment and guidance while patients are awaiting a specialist
appointment, it is essential that the content is fully reviewed by domain experts rather
than generated by AI. In the future, we might consider the use of an LLM to tailor the
expression used in the dialogues to the individual, but identifying such preferences remains
open research questions [95,96]. As a step in this direction, in two safer contexts, we have
used an LLM to modify dialogues to imbue relational cues to further increase working
alliance [97] concerning health and well-being advice delivered using a digital cognitive
coach, physical coach and dietician [98,99], and to imbue personality cues in non-player
characters who offer different ethical perspectives [100] in a serious game for the ethics
training of cybersecurity professionals [101].

7. Conclusions

The eADVICE system emerges as a promising solution to the challenges of extended
outpatient waiting times in paediatric healthcare. Through successful implementations
targeting incontinence and sleep issues, it demonstrates significant improvements in health
outcomes and positive user experiences. The stability of the working alliance over time
between ECAs and patients and parents underscores the system’s reliability and user engage-
ment. The reciprocal relationship between the working alliance and user experience highlights
opportunities for further optimisation in design, enhancing overall therapy outcomes.

In contrast to the increasing use of artificial intelligence in medicine where the ma-
chine’s algorithms make decisions and generate natural language conversations, the eAD-
VICE framework captures the knowledge of the domain expert, including their ability
to accurately diagnose and empathically discuss appropriate treatments with patients.
With the current excitement and fear around ChatGPT and large language models, the
advantage of our system is that it is embedded in a health care system and not likely to be
influenced by false information, something that can not be guaranteed by ChatGPT. It is
endorsed by health professional and is therefore safe. The paper concludes by proposing
the eADVICE framework as a scalable model for various chronic subacute conditions,
emphasising the need for ongoing research and development in this transformative field of
paediatric healthcare. When current GenerativeAI technologies significantly improve their
ability to guarantee accuracy, not to hallucinate and are also able to ensure patient data
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remain secure, we anticipate improved scalability and personalisation, and the potential
adaptation to new health conditions following the framework outlined in this paper.

Author Contributions: Conception and design: P.H.Y.C., D.R., K.W. and K.M.S.; data analysis and
interpretation: D.R., A.A., P.H.Y.C., A.v.H. and K.W.; data acquisition: P.H.Y.C., D.R. and K.W.;
critical revision of the manuscript for scientific and factual content: P.H.Y.C., D.R., A.A., A.v.H., K.W.
and K.M.S.; drafting the manuscript: D.R. and A.A.; funding acquisition, P.H.Y.C., D.R. and K.W.;
statistical analysis: P.H.Y.C., A.v.H. and A.A.; supervision: P.H.Y.C., D.R. and K.W. All authors have
read and agreed to the published version of the manuscript.

Funding: This study was funded by TRGS (Translational Research Grant Scheme) round 3, 2019, the
Australian Bladder Foundation project grant 2014, the Financial Markets Foundation for Children
project grant: 2013-094 and KRI (Kids Research Institute) Near-miss Grant 2013. The funders had no
role in the design, conduct, and publication of the study.

Institutional Review Board Statement: This study was conducted in accordance with and approved
by the Ethical Review Committee for Research Involving Human Subjects at the Children’s Hospital
Westmead (IRB No. HREC/18/SCHN/360), approved date: 6 April 2020. Clinical Trial Registration:
The Australian New Zealand Clinical Trials Registry (ANZCTR): ACTRN12618001484235.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Due to the sensitive nature of urinary incontinence, our participants
were reassured that their personal data would remain confidential and not be shared.

Acknowledgments: We thank all the children and families who contributed to the design of eADVICE
and those who participated in this study. Thanks to Jenny-Marie Haidle who transitioned the original
incontinence system to support sleep, maintained both systems and contributed to lessons learned
through the migration and reengineering process.

Conflicts of Interest: P.H.Y.C. is the director of a medical technology start-up company. All other
authors have no conflicts of interest to disclose.

References
1. McIntyre, D.; Chow, C.K. Waiting Time as an Indicator for Health Services Under Strain: A Narrative Review. INQUIRY J. Health

Care Organ. Provis. Financ. 2020, 57, 0046958020910305. [CrossRef] [PubMed]
2. de la Perrelle, L.; Radisic, G.; Cations, M.; Kaambwa, B.; Barbery, G.; Laver, K. Costs and economic evaluations of Quality

Improvement Collaboratives in healthcare: A systematic review. BMC Health Serv. Res. 2020, 20, 155. [CrossRef] [PubMed]
3. Bull, C.; Howie, P.; Callander, E.J. Inequities in vulnerable children’s access to health services in Australia. BMJ Glob. Health 2022,

7, e007961. [CrossRef] [PubMed]
4. Eiselen, C.; Trajanovska, M.; Griffith, A.; Phan, T.; Goldfeld, S.; Gibb, S.; King, S.K. Audit of enuresis referrals on the waiting list

for a tertiary hospital outpatient clinic. J. Paediatr. Child Health 2021, 57, 1645–1650. [CrossRef] [PubMed]
5. Kong, Q.; Riedewald, D.; Askari, M. Factors Affecting Portal Usage Among Chronically Ill Patients During the COVID-19

Pandemic in the Netherlands: Cross-sectional Study. JMIR Hum. Factors 2021, 8, e26003. [CrossRef] [PubMed]
6. Richards, D.; Caldwell, P. Improving health outcomes sooner rather than later via an interactive website and virtual specialist.

IEEE J. Biomed. Health Inform. 2017, 22, 1699–1706. [CrossRef] [PubMed]
7. Bailey, R.; English, J.; Knee, C.; Keller, A. Treatment adherence in integrative medicine—Part one: Review of literature. Integr.

Med. Clin. J. 2021, 20, 48.
8. Fenerty, S.D.; West, C.; Davis, S.A.; Kaplan, S.G.; Feldman, S.R. The effect of reminder systems on patients’ adherence to treatment.

Patient Prefer. Adherence 2012, 6, 127–135. [PubMed]
9. Ross, S.E.; Moore, L.A.; Earnest, M.A.; Wittevrongel, L.; Lin, C.T. Providing a Web-based Online Medical Record with Electronic

Communication Capabilities to Patients with Congestive Heart Failure: Randomized Trial. J. Med. Internet Res. 2004, 6, e12.
[CrossRef]

10. Bao, C.; Bardhan, I.R.; Singh, H.; Meyer, B.A.; Kirksey, K. Patient-provider engagement and its impact on health outcomes: A
longitudinal study of patient portal use. MIS Q. 2020, 44, 699–723. [CrossRef]

11. Kelders, S.M.; Kok, R.N.; Ossebaard, H.C.; Van Gemert-Pijnen, J.E. Persuasive system design does matter: A systematic review of
adherence to web-based interventions. J. Med. Internet Res. 2012, 14, e152. [CrossRef] [PubMed]

12. Bennett, J.K.; Fuertes, J.N.; Keitel, M.; Phillips, R. The role of patient attachment and working alliance on patient adherence,
satisfaction, and health-related quality of life in lupus treatment. Patient Educ. Couns. 2011, 85, 53–59. [CrossRef] [PubMed]

13. Bickmore, T.W.; Puskar, K.; Schlenk, E.A.; Pfeifer, L.M.; Sereika, S.M. Maintaining reality: Relational agents for antipsychotic
medication adherence. Interact. Comput. 2010, 22, 276–288. [CrossRef]

https://doi.org/10.1177/0046958020910305
https://www.ncbi.nlm.nih.gov/pubmed/32349581
https://doi.org/10.1186/s12913-020-4981-5
https://www.ncbi.nlm.nih.gov/pubmed/32122378
https://doi.org/10.1136/bmjgh-2021-007961
https://www.ncbi.nlm.nih.gov/pubmed/35346955
https://doi.org/10.1111/jpc.15582
https://www.ncbi.nlm.nih.gov/pubmed/34041818
https://doi.org/10.2196/26003
https://www.ncbi.nlm.nih.gov/pubmed/34003762
https://doi.org/10.1109/JBHI.2017.2782210
https://www.ncbi.nlm.nih.gov/pubmed/29990229
https://www.ncbi.nlm.nih.gov/pubmed/22379363
https://doi.org/10.2196/jmir.6.2.e12
https://doi.org/10.25300/MISQ/2020/14180
https://doi.org/10.2196/jmir.2104
https://www.ncbi.nlm.nih.gov/pubmed/23151820
https://doi.org/10.1016/j.pec.2010.08.005
https://www.ncbi.nlm.nih.gov/pubmed/20869188
https://doi.org/10.1016/j.intcom.2010.02.001


Electronics 2024, 13, 2785 17 of 20

14. OECD. Waiting Times for Health Services; OECD: Paris, France, 2020.
15. Ray, K.N.; Chari, A.V.; Engberg, J.; Bertolet, M.; Mehrotra, A. Opportunity costs of ambulatory medical care in the United States.

Am. J. Manag. Care 2015, 21, 567. [PubMed]
16. Dixit, S.K.; Sambasivan, M. A review of the Australian healthcare system: A policy perspective. SAGE Open Med. 2018, 6,

2050312118769211. [CrossRef] [PubMed]
17. Health, A.I.O. Welfare, Australia’s Health 2022: Data Insights; AIHW: Canberra, Australia, 2022.
18. Reichert, A.; Jacobs, R. The impact of waiting time on patient outcomes: Evidence from early intervention in psychosis services in

England. Health Econ. 2018, 27, 1772–1787. [CrossRef] [PubMed]
19. Gagliardi, A.R.; Yip, C.Y.Y.; Irish, J.; Wright, F.C.; Rubin, B.; Ross, H.; Green, R.; Abbey, S.; McAndrews, M.P.; Stewart, D.E. The

psychological burden of waiting for procedures and patient-centred strategies that could support the mental health of wait-listed
patients and caregivers during the COVID-19 pandemic: A scoping review. Health Expect. 2021, 24, 978–990. [CrossRef] [PubMed]

20. Mitchell, C.; Anderson, T.; Berk, M.; Braithwaite, J.; Carapetis, J.; Eades, S.; Frazer, I.; Gunn, J.; Homer, C.; King, S.; et al. Research
and Innovation as Core Functions in Transforming the Health System: A Vision for the Future of Health in Australia; Australian Academy
of Health and Medical Sciences: Dutton Park, Australia, 2022.

21. Donkin, L.; Christensen, H.; Naismith, S.L.; Neal, B.; Hickie, I.B.; Glozier, N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. J. Med. Internet Res. 2011, 13, e52. [CrossRef] [PubMed]

22. Sabaté, E. Adherence to Long-Term Therapies: Evidence for Action; World Health Organization: Geneva, Switzerland, 2003.
23. Baker, S.; Richards, D.; Caldwell, P. Relational Agents to Promote eHealth Advice Adherence, in PRICAI 2014: Trends in Artificial

Intelligence; Springer: Berlin/Heidelberg, Germany, 2014; pp. 1010–1015.
24. Barbosa, C.D.; Balp, M.M.; Kulich, K.; Germain, N.; Rofail, D. A literature review to explore the link between treatment satisfaction

and adherence, compliance, and persistence. Patient Prefer. Adherence 2012, 6, 39–48. [CrossRef]
25. Vasbinder, E.C.; Janssens, H.M.; Rutten-van Mölken, M.P.; van Dijk, L.; de Winter, B.C.; de Groot, R.C.; Vulto, A.G.; van den Bemt,

P.M.; e-MATIC Study Group. e-Monitoring of Asthma Therapy to Improve Compliance in children using a real-time medication
monitoring system (RTMM): The e-MATIC study protocol. BMC Med. Inform. Decis. Mak. 2013, 13, 38. [CrossRef]

26. Martin, D.J.; Garske, J.P.; Davis, M.K. Relation of the therapeutic alliance with outcome and other variables: A meta-analytic
review. J. Consult. Clin. Psychol. 2000, 68, 438. [CrossRef] [PubMed]

27. DeVault, D.; Artstein, R.; Benn, G.; Dey, T.; Fast, E.; Gainer, A.; Georgila, K.; Gratch, J.; Hartholt, A.; Lhommet, M.; et al. SimSensei
kiosk: A virtual human interviewer for healthcare decision support. In Proceedings of the 2014 International Conference on
Autonomous Agents and Multi-Agent Systems, Paris, France, 5–9 May 2014; International Foundation for Autonomous Agents
and Multiagent Systems: Paris, France, 2014; pp. 1061–1068.

28. Gratch, J.; Lucas, G.M.; King, A.A.; Morency, L.P. It’s only a computer: The impact of human-agent interaction in clinical
interviews. In Proceedings of the 2014 International Conference on Autonomous Agents and Multi-Agent Systems, Paris, France,
5–9 May 2014; International Foundation for Autonomous Agents and Multiagent Systems: Paris, France, 2014; pp. 85–92.

29. Lisetti, C.L. 10 advantages of using avatars in patient-centered computer-based interventions for behavior change. SIGHIT Rec.
2012, 2, 28. [CrossRef]

30. Bickmore, T.; Asadi, R.; Ehyaei, A.; Fell, H.; Henault, L.; Intille, S.; Quintiliani, L.; Shamekhi, A.; Trinh, H.; Waite, K.; et al.
Context-Awareness in a Persistent Hospital Companion Agent, in Intelligent Virtual Agents; Springer: Berlin/Heidelberg, Germany,
2015; pp. 332–342.

31. Hossain, M.A.; Ahmed, D.T. Virtual caregiver: An ambient-aware elderly monitoring system. IEEE Trans. Inf. Technol. Biomed.
2012, 16, 1024–1031. [CrossRef] [PubMed]

32. Tsiourti, C.; Ben Moussa, M.; Quintas, J.; Loke, B.; Jochem, I.; Lopes, J.A.; Konstantas, D. A Virtual Assistive Companion for Older
Adults: Design Implications for a Real-World Application. In Proceedings of the SAI Intelligent Systems Conference, London,
UK, 21–22 September 2016; pp. 556–566.

33. Shin, J.-H.; Park, S.B.; Jang, S.H. Effects of game-based virtual reality on health-related quality of life in chronic stroke patients: A
randomized, controlled study. Comput. Biol. Med. 2015, 63, 92–98. [CrossRef]

34. 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. [CrossRef] [PubMed]

35. Richards, D.; Caldwell, P.H. Gamification to Improve Adherence to Clinical Treatment Advice: Improving Adherence to Clinical
Treatment. In Handbook of Research on Holistic Perspectives in Gamification for Clinical Practice; IGI Global: Hershey, PA, USA, 2015;
p. 47.

36. Mower, E.; Black, M.P.; Flores, E.; Williams, M.; Narayanan, S. Rachel: Design of an emotionally targeted interactive agent for
children with autism. In Proceedings of the 2011 IEEE International Conference on Multimedia and Expo, Barcelona, Spain, 11–15
July 2011; pp. 1–6.

37. Fortier, M.A.; Chung, W.W.; Martinez, A.; Gago-Masague, S.; Sender, L. Pain buddy: A novel use of m-health in the management
of children’s cancer pain. Comput. Biol. Med. 2016, 76, 202–214. [CrossRef] [PubMed]

38. Garg, R.; Cui, H.; Seligson, S.; Zhang, B.; Porcheron, M.; Clark, L.; Cowan, B.R.; Beneteau, E. The last decade of HCI research on
children and voice-based conversational agents. In Proceedings of the 2022 CHI Conference on Human Factors in Computing
Systems, New Orleans, LA, USA, 29 April–5 May 2022.

https://www.ncbi.nlm.nih.gov/pubmed/26295356
https://doi.org/10.1177/2050312118769211
https://www.ncbi.nlm.nih.gov/pubmed/29686869
https://doi.org/10.1002/hec.3800
https://www.ncbi.nlm.nih.gov/pubmed/30014544
https://doi.org/10.1111/hex.13241
https://www.ncbi.nlm.nih.gov/pubmed/33769657
https://doi.org/10.2196/jmir.1772
https://www.ncbi.nlm.nih.gov/pubmed/21821503
https://doi.org/10.2147/PPA.S24752
https://doi.org/10.1186/1472-6947-13-38
https://doi.org/10.1037/0022-006X.68.3.438
https://www.ncbi.nlm.nih.gov/pubmed/10883561
https://doi.org/10.1145/2180796.2180820
https://doi.org/10.1109/TITB.2012.2203313
https://www.ncbi.nlm.nih.gov/pubmed/22692933
https://doi.org/10.1016/j.compbiomed.2015.03.011
https://doi.org/10.2196/jmir.1629
https://www.ncbi.nlm.nih.gov/pubmed/22281837
https://doi.org/10.1016/j.compbiomed.2016.07.012
https://www.ncbi.nlm.nih.gov/pubmed/27479493


Electronics 2024, 13, 2785 18 of 20

39. Huang, J.; Li, Q.; Xue, Y.; Cheng, T.; Xu, S.; Jia, J.; Feng, L. Teenchat: A chatterbot system for sensing and releasing adolescents’
stress. In Proceedings of the Health Information Science: 4th International Conference, HIS 2015, Melbourne, Australia, 28–30
May 2015; Proceedings 4. Springer: Berlin/Heidelberg, Germany, 2015.

40. Mujeeb, S.; Javed, M.H.; Arshad, T. Aquabot: A diagnostic chatbot for achluophobia and autism. Int. J. Adv. Comput. Sci. Appl.
2017, 8, 209–216. [CrossRef]

41. Crutzen, R.; Peters, G.J.Y.; Portugal, S.D.; Fisser, E.M.; Grolleman, J.J. An artificially intelligent chat agent that answers adolescents’
questions related to sex, drugs, and alcohol: An exploratory study. J. Adolesc. Health 2011, 48, 514–519. [CrossRef] [PubMed]

42. Heldt, K.; Büchter, D.; Brogle, B.; Shih, C.H.; Rüegger, D.; Filler, A.; Gindrat, P.; Durrer, D.; Farpour-Lambert, N.; Kowatsch, T.;
et al. Telemedicine therapy for overweight adolescents: First results of a novel smartphone app intervention using a behavioural
health platform. Obes. Facts 2018, 89 (Suppl. S1), 214–215.

43. l’Allemand, D.; Shih, C.; Heldt, K.; Buchter, D.; Brogle, B.; Ruegger, D. Design and interim evaluation of a smartphone app for
overweight adolescents using a behavioural health intervention platform. Obes. Rev. 2018, 19, 102.

44. Stasinaki, A.; Brogle, B.; Buchter, D.; Shih, C.H.; Heldt, K.; White, C.; Ruegger, D.; Filler, A.; Gindrat, P.; Durrer, D.; et al. A novel
digital health intervention improves physical performance in obese youth. In Swiss Medical Weekly; Emh Swiss Medical Publishers
Ltd.: Muttenz, Switzerland, 2018.

45. Kowatsch, T.; Nißen, M.; Shih, C.H.I.; Rüegger, D.; Volland, D.; Filler, A.; Künzler, F.; Barata, F.; Hung, S.; Büchter, D.; et al.
Text-based healthcare chatbots supporting patient and health professional teams: Preliminary results of a randomized controlled
trial on childhood obesity. In Proceedings of the Persuasive Embodied Agents for Behavior Change (PEACH2017), Stockholm,
Sweden, 27 August 2017.

46. Rhee, H.; Allen, J.; Mammen, J.; Swift, M. Mobile phone-based asthma self-management aid for adolescents (mASMAA): A
feasibility study. Patient Prefer. Adherence 2014, 8, 63–72. [CrossRef] [PubMed]

47. Kowatsch, T.; Schachner, T.; Harperink, S.; Barata, F.; Dittler, U.; Xiao, G.; Stanger, C.; v Wangenheim, F.; Fleisch, E.; Oswald,
H.; et al. Conversational agents as mediating social actors in chronic disease management involving health care professionals,
patients, and family members: Multisite single-arm feasibility study. J. Med. Internet Res. 2021, 23, e25060. [CrossRef] [PubMed]

48. Neerincx, M.A.; van Vught, W.; Henkemans, O.B.; Oleari, E.; Broekens, J.; Peters, R.; Kaptein, F.; Demiris, Y.; Kiefer, B.; Fumagalli,
D.; et al. Socio-cognitive engineering of a robotic partner for child’s diabetes self-management. Front. Robot. AI 2019, 6, 118.
[CrossRef] [PubMed]

49. Bin Sawad, A.; Narayan, B.; Alnefaie, A.; Maqbool, A.; Mckie, I.; Smith, J.; Yuksel, B.; Puthal, D.; Prasad, M.; Kocaballi, A.B.
A systematic review on healthcare artificial intelligent conversational agents for chronic conditions. Sensors 2022, 22, 2625.
[CrossRef] [PubMed]

50. Mathieu, J.E.; Heffner, T.S.; Goodwin, G.F.; Salas, E.; Cannon-Bowers, J.A. The Influence of Shared Mental Models on Team
Process and Performance. J. Appl. Psychol. 2000, 85, 273–283. [CrossRef] [PubMed]

51. Catty, J. ‘The Vehicle of Success’: Theoretical and Empirical Perspectives on the Therapeutic Alliance in Psychotherapy. Psychol.
Psychother. Theory Res. Pract. 2004, 77, 255–272. [CrossRef] [PubMed]

52. Graßmann, C.; Schölmerich, F.; Schermuly, C.C. The Relationship between Working Alliance and Client Outcomes in Coaching: A
Meta-Analysis. Hum. Relat. 2020, 73, 35–58. [CrossRef]

53. Horvath, A.O.; Symonds, B.D. Relation between Working Alliance and Outcome in Psychotherapy: A Meta-Analysis. J. Couns.
Psychol. 1991, 38, 139. [CrossRef]

54. Krupnick, J.L.; Sotsky, S.M.; Elkin, I.; Simmens, S.; Moyer, J.; Watkins, J.; Pilkonis, P.A. The role of the therapeutic alliance in
psychotherapy and pharmacotherapy outcome: Findings in the National Institute of Mental Health Treatment of Depression
Collaborative Research Program. Focus 2006, 4, 277–532. [CrossRef]

55. Bordin, E.S. The Generalizability of the Psychoanalytic Concept of the Working Alliance. Psychother. Theory Res. Pract. 1979, 16,
252. [CrossRef]

56. Horvath, A.O.; Greenberg, L.S. Development and Validation of the Working Alliance Inventory. J. Couns. Psychol. 1989, 36, 223.
[CrossRef]

57. Sherwood, G.; Thomas, E.; Bennett, D.S.; Lewis, P. A teamwork model to promote patient safety in critical care. Crit. Care Nurs.
Clin. N. Am. 2002, 14, 333–340. [CrossRef] [PubMed]

58. Bratman, M. Intention, Plans, and Practical Reason; Harvard University Press: Cambridge, MA, USA, 1987.
59. Grosz, B.J.; Kraus, S. The Evolution of SharedPlans. In Applied Logic Series; Springer: Berlin/Heidelberg, Germany, 1999;

pp. 227–262.
60. Grosz, B.J.; Sidner, C.L. Plans for Discourse; Bbn Labs Inc.: Cambridge, MA, USA, 1988.
61. Roberts, S.; Chaboyer, W.; Gonzalez, R.; Marshall, A. Using technology to engage hospitalised patients in their care: A realist

review. BMC Health Serv. Res. 2017, 17, 388. [CrossRef]
62. Rich, C.; Sidner, C.L.; Lesh, N. Collagen: Applying collaborative discourse theory to human-computer interaction. AI Mag. 2001,

22, 15.
63. Bickmore, T.; Schulman, D.; Shaw, G. Dtask and Litebody: Open Source, Standards-Based Tools for Building Web-Deployed

Embodied Conversational Agents. In International Workshop on Intelligent Virtual Agents; Springer: Berlin/Heidelberg, Germany,
2009; pp. 425–431.

https://doi.org/10.14569/IJACSA.2017.080930
https://doi.org/10.1016/j.jadohealth.2010.09.002
https://www.ncbi.nlm.nih.gov/pubmed/21501812
https://doi.org/10.2147/PPA.S53504
https://www.ncbi.nlm.nih.gov/pubmed/24470755
https://doi.org/10.2196/25060
https://www.ncbi.nlm.nih.gov/pubmed/33484114
https://doi.org/10.3389/frobt.2019.00118
https://www.ncbi.nlm.nih.gov/pubmed/33501133
https://doi.org/10.3390/s22072625
https://www.ncbi.nlm.nih.gov/pubmed/35408238
https://doi.org/10.1037/0021-9010.85.2.273
https://www.ncbi.nlm.nih.gov/pubmed/10783543
https://doi.org/10.1348/147608304323112528
https://www.ncbi.nlm.nih.gov/pubmed/15193196
https://doi.org/10.1177/0018726718819725
https://doi.org/10.1037/0022-0167.38.2.139
https://doi.org/10.1176/foc.4.2.269
https://doi.org/10.1037/h0085885
https://doi.org/10.1037/0022-0167.36.2.223
https://doi.org/10.1016/S0899-5885(02)00020-5
https://www.ncbi.nlm.nih.gov/pubmed/12400623
https://doi.org/10.1186/s12913-017-2314-0


Electronics 2024, 13, 2785 19 of 20

64. Karver, M.S.; De Nadai, A.S.; Monahan, M.; Shirk, S.R. Meta-analysis of the prospective relation between alliance and outcome in
child and adolescent psychotherapy. Psychotherapy 2018, 55, 341. [CrossRef] [PubMed]

65. Tanzilli, A.; Gualco, I. Clinician emotional responses and therapeutic alliance when treating adolescent patients with narcissistic
personality disorder subtypes: A clinically meaningful empirical investigation. J. Personal. Disord. 2020, 34, 42–62. [CrossRef]
[PubMed]

66. Lindqvist, K.; Mechler, J.; Falkenström, F.; Carlbring, P.; Andersson, G.; Philips, B. Therapeutic alliance is calming and curing—
The interplay between alliance and emotion regulation as predictors of outcome in Internet-based treatments for adolescent
depression. J. Consult. Clin. Psychol. 2023, 91, 426. [CrossRef] [PubMed]

67. Mortimer, R.; Somerville, M.P.; Mechler, J.; Lindqvist, K.; Leibovich, L.; Guerrero-Tates, B.; Edbrooke-Childs, J.; Martin, P.; Midgley,
N. Connecting over the internet: Establishing the therapeutic alliance in an internet-based treatment for depressed adolescents.
Clin. Child Psychol. Psychiatry 2022, 27, 549–568. [CrossRef] [PubMed]

68. Tong, F.; Lederman, R.; D’Alfonso, S.; Berry, K.; Bucci, S. Conceptualizing the digital therapeutic alliance in the context of fully
automated mental health apps: A thematic analysis. Clin. Psychol. Psychother. 2023, 30, 998–1012. [CrossRef]

69. Nieuwhof-Leppink, A.J.; Schroeder, R.P.J.; van de Putte, E.M.; de Jong, T.P.V.M.; Schappin, R. Daytime urinary incontinence in
children and adolescents. Lancet Child Adolesc. Health 2019, 3, 492–501. [CrossRef]

70. Swithinbank, L.; Heron, J.; Von Gontard, A.; Abrams, P. The natural history of daytime urinary incontinence in children: A large
British cohort. Acta Paediatr. 2010, 99, 1031–1036. [CrossRef] [PubMed]

71. Malhotra, N.R.; Kuhlthau, K.A.; Rosoklija, I.; Migliozzi, M.; Nelson, C.P.; Schaeffer, A.J. Children’s experience with daytime and
nighttime urinary incontinence—A qualitative exploration. J. Pediatr. Urol. 2020, 16, e1–e535. [CrossRef] [PubMed]

72. Ling, N.; Trajanovska, M.; Griffith, A.; Phan, T.; Gibb, S.; Goldfeld, S.; King, S.K. Paediatric bladder dysfunction: A single centre
experience of public hospital wait times. J. Paediatr. Child Health 2020, 56, 797–803. [CrossRef] [PubMed]

73. Eliezer, D.D.; Samnakay, N.; Starkey, M.R.; Deshpande, A.V. Effectiveness of standard urotherapy (basic bladder advice) and
combination therapies in managing bladder dysfunction in children with treated behavioral disorders: Results of a prospective
cohort (DABBED) study. LUTS Low. Urin. Tract Symptoms 2021, 13, 490–497. [CrossRef] [PubMed]

74. Richards, D.; Caldwell, P. Building a Working Alliance with a Knowledge Based System Through an Embodied Conversational
Agent. In Knowledge Management and Acquisition for Intelligent Systems; Springer International Publishing: Cham, Switzerland,
2016; pp. 213–227.

75. Caldwell, P.H.Y.; Richards, D.; Hamilton, S.; Von Huben, A.; Teixeira-Pinto, A.; Howell, M.; Howard, K.; Craig, J.C.; Seton,
C.; Waters, K.; et al. A randomized controlled trial of a web-based management support system for children with urinary
incontinence: The eADVICE trial. J.Urol. 2024, 211, 364–375. [CrossRef] [PubMed]

76. Cohen, J.; Cohen, P.; West, S.G.; Aiken, L.S. Applied Multiple Regression/Correlation Analysis for the Behavioral Sciences; Routledge:
London, UK, 2013.

77. Richardson, C.; Ree, M.; Bucks, R.; Gradisar, M. Paediatric sleep literacy in australian health professionals. Sleep Med. 2021, 81,
327–335. [CrossRef] [PubMed]

78. Teng, A.; Bartle, A.; Sadeh, A.; Mindell, J. Infant and toddler sleep in Australia and New Zealand. J. Paediatr. Child Health 2012, 48,
268–273. [CrossRef] [PubMed]

79. Shochat, T.; Cohen-Zion, M.; Tzischinsky, O. Functional consequences of inadequate sleep in adolescents: A systematic review.
Sleep Med. Rev. 2014, 18, 75–87. [CrossRef] [PubMed]

80. Martin, J.; Hiscock, H.; Hardy, P.; Davey, B.; Wake, M. Adverse associations of infant and child sleep problems and parent health:
An Australian population study. Pediatrics 2007, 119, 947–955. [CrossRef]

81. Caffery, L.J.; Farjian, M.; Smith, A.C. Telehealth interventions for reducing waiting lists and waiting times for specialist outpatient
services: A scoping review. J. Telemed. Telecare 2016, 22, 504–512. [CrossRef]

82. Jemcov, A.; Keys, E.; Corkum, P. Evaluating the feasibility of the ABCs of SLEEPING mobile application: Exploring implementa-
tion, acceptability, and limited efficacy. Clin. Pract. Pediatr. Psychol. 2021, 9, 180–191. [CrossRef]

83. Leichman, E.S.; Gould, R.A.; Williamson, A.A.; Walters, R.M.; Mindell, J.A. Effectiveness of an mHealth Intervention for Infant
Sleep Disturbances. Behav. Ther. 2020, 51, 548–558. [CrossRef] [PubMed]

84. Subotic-Kerry, M.; Werner-Seidler, A.; Corkish, B.; Batterham, P.J.; Sicouri, G.; Hudson, J.; Christensen, H.; O’dea, B.; Li, S.H.
Protocol for a randomised controlled trial evaluating the effect of a CBT-I smartphone application (Sleep Ninja®) on insomnia
symptoms in children. BMC Psychiatry 2023, 23, 684. [CrossRef] [PubMed]

85. Astington, J.W.; Jenkins, J.M. Theory of mind development and social understanding. Cogn. Emot. 1995, 9, 151–165. [CrossRef]
86. Schlinger, H.D. Theory of Mind: An Overview and Behavioral Perspective. Psychol. Rec. 2009, 59, 435–448. [CrossRef]
87. Fishbein, M.; Ajzen, I. Predicting and Changing Behavior: The Reasoned Action Approach; Taylor & Francis: Abingdon, UK, 2011.
88. Deci, E.L.; Ryan, R.M. The “What” and “Why” of Goal Pursuits: Human Needs and the Self-Determination of Behavior. Psychol.

Inq. 2000, 11, 227–268. [CrossRef]
89. Abdulrahman, A.; Richards, D.; Bilgin, A.A. Reason Explanation for Encouraging Behaviour Change Intention. In Proceedings of

the AAMAS, Online, 3–7 May 2021; pp. 68–77.
90. Salman, S.; Richards, D.; Caldwell, P. Analysis of Empathic Dialogue in Actual Doctor-Patient Calls and Implications for Design

of Embodied Conversational Agents. IJCoL Ital. J. Comput. Linguist. 2021, 7, 91–112. [CrossRef]

https://doi.org/10.1037/pst0000176
https://www.ncbi.nlm.nih.gov/pubmed/30335449
https://doi.org/10.1521/pedi.2020.34.supp.42
https://www.ncbi.nlm.nih.gov/pubmed/32186983
https://doi.org/10.1037/ccp0000815
https://www.ncbi.nlm.nih.gov/pubmed/37166833
https://doi.org/10.1177/13591045221081193
https://www.ncbi.nlm.nih.gov/pubmed/35333646
https://doi.org/10.1002/cpp.2851
https://doi.org/10.1016/S2352-4642(19)30113-0
https://doi.org/10.1111/j.1651-2227.2010.01739.x
https://www.ncbi.nlm.nih.gov/pubmed/20199496
https://doi.org/10.1016/j.jpurol.2020.10.002
https://www.ncbi.nlm.nih.gov/pubmed/33148456
https://doi.org/10.1111/jpc.14758
https://www.ncbi.nlm.nih.gov/pubmed/31904904
https://doi.org/10.1111/luts.12400
https://www.ncbi.nlm.nih.gov/pubmed/34313379
https://doi.org/10.1097/JU.0000000000003832
https://www.ncbi.nlm.nih.gov/pubmed/38150394
https://doi.org/10.1016/j.sleep.2021.02.035
https://www.ncbi.nlm.nih.gov/pubmed/33761413
https://doi.org/10.1111/j.1440-1754.2011.02251.x
https://www.ncbi.nlm.nih.gov/pubmed/22107168
https://doi.org/10.1016/j.smrv.2013.03.005
https://www.ncbi.nlm.nih.gov/pubmed/23806891
https://doi.org/10.1542/peds.2006-2569
https://doi.org/10.1177/1357633X16670495
https://doi.org/10.1037/cpp0000400
https://doi.org/10.1016/j.beth.2019.12.011
https://www.ncbi.nlm.nih.gov/pubmed/32586429
https://doi.org/10.1186/s12888-023-05185-x
https://www.ncbi.nlm.nih.gov/pubmed/37730577
https://doi.org/10.1080/02699939508409006
https://doi.org/10.1007/BF03395673
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.4000/ijcol.862


Electronics 2024, 13, 2785 20 of 20

91. Richards, D.; Caldwell, P. An empathie virtual medical specialist: It’s not what you say but how you say it. In Proceedings of the
2017 23rd International Conference on Virtual System & Multimedia (VSMM), Dublin, Ireland, 31 October–4 November 2017;
pp. 1–8.

92. Baker, S.; Richards, D.; Caldwell, P. Putting a New Intelligent Virtual Face on a Medical Treatment Advice System to Improve
Adherence. In Proceedings of the 2014 Conference on Interactive Entertainment, Newcastle, Australia, 2–3 December 2014;
pp. 1–9.

93. Baba, A.; Aregbesola, A.; Caldwell, P.H.; Elliott, S.A.; Elsman, E.B.; Fernandes, R.M.; Hartling, L.; Heath, A.; Kelly, L.E.; Preston, J.;
et al. Developments in the Design, Conduct, and Reporting of Child Health Trials. Pediatrics 2024, 154, e2024065799. [CrossRef]

94. Campbell, H.; Surry, S.A.; Royle, E.M. A review of randomised controlled trials published inArchives of Disease in Childhood
from 1982–1996. Arch. Dis. Child. 1998, 79, 192–197. [CrossRef]

95. Ranjbartabar, H.; Richards, D.; Bilgin, A.A.; Kutay, C.; Mascarenhas, S. User-Models to Drive an Adaptive Virtual Advisor:
Demonstration. In Proceedings of the 19th International Conference on Autonomous Agents and MultiAgent Systems, Auckland,
New Zealand, 9–13 May 2020; International Foundation for Autonomous Agents and Multiagent Systems: Auckland, New
Zealand, 2020; pp. 2117–2119.

96. Ranjbartabar, H.; Richards, D. Understanding Individual Differences in Users’ Preferences and Responses to an Intelligent Virtual
Advisor for Reducing Study Stress. In Advances in Information Systems Development; Springer International Publishing: Cham,
Switzerland, 2019.

97. Mo, R.; Fang, Z.; Fang, J. How to establish a digital therapeutic alliance between chatbots and users: The role of relational cues.
Adv. Psychol. Sci. 2023, 31, 669. [CrossRef]

98. Salma, S.A.R. Deborah, Collaborating Digital Twins for Health Coaching. In Advances in Practical Applications of Agents, Multi-
Agent Systems, and Digital Twins, The PAAMS Collection; Dignum, F., Mathieu, P., Corchado, J.M., De La Prieta, F., Eds.; Springer:
Salamanca, Spain, 2024.

99. Salman, S.; Richards, D.; Dras, M. Identifying Which Relational Cues Users Find Helpful to Allow Tailoring of e-Coach Dialogues.
Multimodal Technol. Interact. 2023, 7, 93. [CrossRef]

100. Bajwa, M.H.A.; Richards, D.; Formosa, P. Providing alternative ethical perspectives through intelligent agents in a serious game
for cybersecurity ethical training. Games Chang. Asia-Pac. J. 2023, 2, 149–178.

101. Ali Bajwa, M.H.; Richards, D.; Formosa, P. Evaluation of embodied conversational agents designed with ethical principles and
personality for cybersecurity ethics training. In Proceedings of the 23rd ACM International Conference on Intelligent Virtual
Agents, Würzburg, Germany, 19–22 September 2023.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1542/peds.2024-065799
https://doi.org/10.1136/adc.79.2.192
https://doi.org/10.3724/SP.J.1042.2023.00669
https://doi.org/10.3390/mti7100093

	Introduction 
	Related Literature 
	Access and Adherence to Healthcare Advice 
	Conversational Agents, Health and Children 
	Working Alliance to Address Adherence 

	Tale 1—eADVICE for Incontinence 
	Problem Domain 
	eADVICE System 
	The Outcome of eADVICE—Incontinence RCT 
	Participants 
	Health Outcome Evaluation 
	Working Alliance and User Experience Evaluation 
	Discussion 


	Tale 2—eADVICE for Sleep 
	Problem Domain 
	eADVICE-Sleep and SAM 
	Preliminary Assessment of eADVICE—Sleep 

	Lessons Learned—eADVICE Development Process 
	Limitations and Future Work 
	Conclusions 
	References

